
iuropaisches  Patentamt 

iuropean  Patent  Office 

)ffice  europeer*  des  brevets 

tj)  Publication  number: J  3 2 0   3 1 7  
\ 2  

EUROPEAN  PATENT  APPLICATION 

3)  Application  number:  88402355.7 

g)  Date  of  filing:  16.09.88 

£j)  Int.  CI.4:  G  01  N  2 1 / 0 0  

Priority:  17.09.87  US  97679 

@  Date  of  publication  of  application  : 
14.06.89  Bulletin  89/24 

@  Designated  Contracting  States:  DE  FR  GB  NL 

rj)  Applicant:  UNIVERSAL  INSTRUMENTS  CORPORATION 
(Delaware  Corp.) 
P.O.  Box  825 
Binghamton  New  York  13902-0825  (US) 

§)  Inventor:  Wistrand,  Per 
59,  Vine  Street 
Binghamton  New  York  13903  (US) 

74)  Representative:  Rodhain,  Claude  et  al 
Cabinet  Claude  Rodhain  30,  rue  la  Boetie 
F-75008  Paris  (FR) 

CM 
<  

o  
CM 
CO 

Q. 
LU 

The  title  of  the  invention  has  been  amended  (Guidelines  tor  txamination  in  ine  tru,  m-iii,  /.oj. 

@  Position  feedback  enhancement  over  a  limited  repositioning  area  for  a  movable  member. 

(g)  The  invention  concerns  a  method  of  improving  the 
precision  of  position  recognition  of  a  moveable  spindle  (26)  axis  ,RML 
of  a  positioning  system  (20)  comprising  an  encoder  (22)  over 
that  of  an  existing  position  feedback  for  the  system  within  a  t 
particular  area  of  repositioning  of  the  axis,  and  comprising  the  ^m 
steps  of  :  providing  a  mapping  plate  (50)  having  an  array  of  ^   

�   

: 
fiducials  (52)  spaced  sufficiently  close  together  as  to  be  "iM/>ecT£o-^^"<Z 
locatable  within  a  camera  (30)  field  of  view  by  said  existing  „  V  ^ 
positioning  feedback  and  attaching  said  plate  (50)  in  fixed  I  [ 
relation  to  said  moveable  axis  ;  providing  a  camera  (60),  and  mswt/oh^,  I 
vision  system  (40)  operatively  associated  therewith,  which  V  ̂ -f 
together  are  more  precise  than  said  existing  position  feedback  _  
system  and  mounting  said  camera  (60)  in  fixed  relation  to  a 
home  reference  of  said  positioning  system  (20)  ;  situating  said 
camera  (60)  such  that  at  least  one  of  said  fiducials  (52)  is  within 
a  field  of  view  of  said  camera  (60)  over  at  least  a  limited  area  of 
repositioning  of  said  axis  and  determining  a  location  of  said  axis 
within  at  least  said  limited  area  by  said  camera  (60)  and  vision 
system  (40)  more  precisely  than  obtainable  by  said  encoder 
(22)  above. 
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Description 

POSITION  FEEDBACK  ENHANCEMENT  OVER  A  LIMITED 

BACKGROUND  ANS  SUMMARY  OF  THE  5 
INVENTION 

This  invention  relates  to  the  feedback  of  an  X-Y 
positioning  system,  and  particularly  to  a  method  and 
apparatus  for  improving  precision  of  the  position  10 
feedback  over  a  limited  area  of  the  system.  For 
purposes  of  this  disclosure,  the  following  definitions 
apply: 

Precision  is  defined  as  the  smallest  detectable 
position  change.  In  an  encoder,  such  a  change  is  15 
measured  by  the  distance  between  pulses.  In  a 
vision  system,  we  estimate  that  the  smallest  detect- 
able  distance  is  about  half  of  a  picture  element 
(pixel)  in  a  camera  image.  In  a  mechanical  sensor 
gage,  the  precision  is  the  least  sensor  movement  20 
which  provides  a  detectable  output  change. 

Accuracy  is  how  close  a  desired  position  is  to  a 
true  position,  with  measurement  accuracy  being  the 
closeness  of  a  measured  quantity  to  the  true 
quantity.  25 

When  picking  up  a  component  with  the  spindle  of 
a  pick  and  place  head  or  the  like  and  moving  it  in  X 
and  Y  to  a  placement  location  at  which  the  leads  of 
the  component  are  to  be  attached  to  corresponding 
conductive  pads  of  a  circuit  board,  it  is  often  30 
beneficial  to  transport  the  component  to  an  inspec- 
tion  station  intermediate  the  pick  up  and  placement 
stations  in  order  to  determine  the  part's  position  and 
orientation  relative  to  the  spindle  axis  and  then 
correct  for  any  misalignment  before  placement.  35 
Often  it  is  desirable  to  inspect  the  component  also  in 
order  to  determine  whether  all  the  lead  positions  and 
orientation  are  good  compared  to  a  nominal  set  of 
positions  and  orientations,  and/or  to  measure  the 
lead  positions  relative  to  each  other  very  accurately.  40 

In  a  typical  case,  it  has  been  required  to  pick  and 
place  a  four  sided  flat  pack  electrical  component 
with  correspondence  between  each  lead  and  solder 
pad  of  0,051  -  0,076mm  wherein  0,36mm  wide  leads 
extend  from  each  of  the  sides  at  nominal  center  45 
distances  of  0,64mm. 

A  positioning  system  having  a  feedback  encoder 
with  a  precision  of  0,013mm  is  adequate  for  this 
purpose  when  no  intermediate  stop  for  inspection  is 
necessary.  50 

Additionally,  a  requirement  for  inspection  of  lead 
positions  and  orientations  with  a  particular  preci- 
sion,  say  0,0051mm  can  be  performed  at  an 
intermediate  inspection  station  using  a  camera  30 
connected  to  a  vision  system  40  if  both  conditions  55 
are  satisfied  that  the  precision  of  the  combined 
camera  30  and  vision  system  40  is  equally  or  more 
precise  than  the  particular  0,0051mm  and  that  the 
whole  component  2  (including  leads  4)  can  be 
captured  in  one  image  of  camera  30.  60 

However  with  the  present  technology,  the  number 
of  camera  pixels  in  one  image  is  limited  for  practical 
purposes,  and  several  images  may  be  necessary  to 

REPOSITIONING  AREA  FOR  A  MOVEABLE  MEMBER 

inspect  all  the  leads  4  of  a  component  2  with  the 
required  precision.  Thus,  the  spindle  26  must  be 
repositioned  relative  to  the  inspection  camera  30  so 
as  to  reposition  the  component  2  and  obtain 
successive  different  images  of  different  portions  of 
the  component  2.  Because  of  such  repositioning,  it 
is  then  necessary  to  know  the  position  of  spindle  26 
relative  to  the  camera  30  with  a  precision  better  than 
the  required  lead  inspection  precision  so  as  to 
correctly  determine  the  positions  of  the  leads  4  in 
relation  to  each  other. 

From  Figure  4,  it  may  be  seen  that  the  following 
vector  assignments  apply. 

{Xenc,  Yenc}  is  the  position  of  a  reference  point  of  a 
lead  4  relative  to  the  axis  of  spindle  26. 

{Xcami  Ycami}  is  the  position  of  the  optical  axis  of 
inspection  camera  30  relative  to  machine  zero. 

{Xieadcami,  Yieadoami}  locates  the  lead  relative  to  the 
optical  axis  of  inspection  camera  30. 

By  vector  analysis,  the  lead  position  may  be 
expressed  as: 
Xlead  —  Xcami  "1"  Xieadcami  "Xenc  (1)  Ylead  =  Ycami  4- 
Yleadcaml  "  Yenc  (2) 

Thus,  Xiead,  Yiead  accuracy  cannot  be  better  than 
any  of  the  component  parts  of  equations  (1)  and  (2), 
and  of  these: 

i)  Xcami  and  Ycami  are  constant  (and  fixed 
relative  to  machine  zero)  and  will  not  affect  the 
relative  measurement  accuracy  between  leads. 

ii)  Xieadcami  and  Yieadcami  are  known  with  the 
precision  obtainable  with  the  inspection  camera 
30/vision  system  40. 

iii)  Xenc  and  Yenc  are  known  with  the  precision 
obtainable  by  the  encoder. 

In  a  particular  case,  a  precision  of  0,0051mm  is 
obtainable  by  camera  30/vision  system  40,  while  the 
position  information  obtainable  by  encoder  22  of  X-Y 
positioning  system  20  is  0,013mm  .  Thus,  the 
position  of  spindle  26  obtainable  by  encoder  22  is 
the  least  precise  of  the  component  parts  (i)-(iii). 

If  we  can  inspect  the  leads  with  only  one  image  of 
inspection  camera  30,  then  encoder  precision  of 
0,013mm  is  sufficient  for  positioning  the  compo- 
nent  2  at  camera  30,  since  the  encoder  error  will 
have  the  same  effect  on  all  of  the  leads  relative  to 
camera  30  when  only  inspecting  the  positions  and 
orientations  of  all  leads  4  relative  to  each  other  or  to 
a  nominal  lead  pattern. 

The  encoder  error  cannot  be  avoided  when  we  are 
concerned  with  the  positions  and  orientations  of  the 
leads  4  in  X,Y,  and  8  relative  to  spindle  26,  as  in  the 
situation  where  the  spindle  is  repositioned  to  a 
placement  location  8  for  placement  of  the  compo- 
nent  2  onto  circuit  board  6  with  sufficient  registration 
between  each  lead  4  and  a  solder  pad  10.  However, 
since  the  accuracy  requirements  for  this  registration 
between  leads  4  and  solder  pads  10  is  only 
0,051  -0,076mm  ,  the  encoder  error  is  acceptable. 

As  described  above,  the  limitations  of  the  camera 
30  require  that  spindle  26  be  repositioned  relative  to 
camera  30  for  presentation  of  different  leads  4  to  the 
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ield  of  view  of  camera  30  so  that  several  different 
mages  are  required  for  inspection  of  the  whole 
;omponent  2.  With  such  repositioning  of  spindle  26, 
he  encoder  error  contained  in  Xenc  and  Yenc  cannot 
)e  avoided  during  the  inspection  process.  Since  the 
jncoder  precision  of0,013mm  does  not  meet  the 
equired  precision  of  0,0051mm  for  lead  inspection, 
sncoder  22  is  inadequate  for  multi-image  inspection 
3f  a  component. 

Accordingly,  it  is  an  object  the  invention  is  to 
Drovide  a  method  and  apparatus  for  overcoming  this 
shortcoming  while  retaining  the  existing  encoder. 

SUMMARY  OF  THE  INVENTION 

The  invention  is  directed  to  a  method  and 
apparatus  for  providing  an  auxiliary  feedback  of  the 
Dosition  of  a  pick  and  place  spindle  during  multi- 
mage  repositioning  of  the  spindle  at  the  inspection 
station,  wherein  the  auxiliary  feedback  is  sufficiently 
precise  to  meet  lead  inspection  requirements  which 
are  not  met  by  the  existing  encoder.  The  auxiliary 
feedback  is  achieved  by  attaching  a  mapping  plate 
having  very  accurately  spaced  reference  marks  onto 
the  pick  and  place  head  and  by  mounting  a  second 
sufficiently  precise  camera  adjacent  the  inspection 
station  so  that  at  least  one  reference  mark  or  fiducial 
of  the  mapping  plate  is  always  in  the  field  of  view  of 
the  second  camera  while  the  component  is  at  the 
inspection  station. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  an  isometric  view  illustrating  the 
prior  art. 

Figure  2  is  a  view  similar  to  Figure  1, 
illustrating  the  addition  of  apparatus  of  the 
invention  to  the  prior  art. 

Figure  3  is  a  top  plan  view  of  a  mapping  plate 
with  fiducials. 

Figure  4  is  an  enlarged  top  plan  view  of  an 
electrical  component,  and  further  illustrating  its 
position  relative  to  the  pick  and  place  spindle 
and  the  field  of  view  of  the  inspection  camera. 

Figure  5  is  a  partial  enlarged  view  illustrating 
the  use  of  a  mapping  plate  and  second  camera 
for  auxiliary  position  feedback  of  the  spindle. 

Figure  6  is  a  further  enlargement  of  the 
illustration  of  Figure  5. 

Figure  7  is  an  isometric  view  of  a  surface 
mountable  electric  component  to  illustrate  the 
lead  inspection  reference  point  at  the  intersec- 
tion  of  the  center  line  and  outer  edge  of  the 
lead. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

Referring  to  Figure  1  ,  an  X-Y  positioning  system 
20  comprising  an  X  rail  and  Y  rail  for  X  and  Y 
positioning  of  a  pick  and  place  head  24  and  the 
vacuum  spindle  26  thereof,  with  the  location  of  the 

spindle  26  being  read  or  detected  by  a  position 
feedback  encoder  22.  This  type  of  apparatus  is  often 
used  to  retrieve  a  component  from  a  supply  at  a  pick 
up  location  and  to  transport  it  to  a  printed  circuit 

5  board  at  a  placement  location  with  an  intermediate 
stop  at  an  inspection  camera  30.  The  inspection 
camera  30  is  for  inspecting  leads  4  of  a  component  2 
and  their  relation  in  X,  Y,  and  0  relative  to  a  nominal 
pattern  stored  in  the  computer  memory  of  a  vision 

10  system  40  to  which  inspection  camera  30  is 
attached. 

The  readers  attention  is  directed  to  Figure  2  for 
the  case  where  the  component  2  must  be  reposi- 
tioned  several  time  within  the  field  of  view  of 

15  inspection  camera  30  in  order  to  inspect  all  of  the 
leads  with  a  precision  better  than  that  provided  by 
encoder  22.  A  mapping  plate  50  is  fixedly  attached  to 
the  pick  and  place  head  24  for  movement  therewith 
and  a  second  camera  60  is  fixedly  positioned 

20  adjacent  inspection  camera  30  such  that  a  fiducial  52 
of  mapping  plate  50  is  always  within  the  field  of  view 
of  camera  60  when  component  2  is  positioned  above 
inspection  camera  30. 

Mapping  plate  50  and  fiducials  52  thereof  are  best 
25  illustrated  in  Figure  3,  and  the  mapping  plate  may  be 

a  61mm  by  61mm  plate  with  121  reference  marks 
very  accurately  in  a  matrix  with  51mm  center 
distances.  Auxiliary  camera  60  may  have  an  optical 
magnification  such  as  to  provide  a  precision  of 

30  0,0025mm  per  pixel,  and  it  may  share  vision  system 
40.  With  a  vision  system  capable  of  a  precision  of  half 
a  pixel,  the  resulting  combination  has  a  precision  of 
0,0013mm  ten  times  better  that  the  encoder  preci- 
sion.  The  encoder  feedback  precision  of  0,013mm  is 

35  sufficient  to  determine  which  fiducial  52  of  the 
mapping  plate  50  is  closest  to  the  optical  axis  of 
auxiliary  camera  60. 

Referring  to  Figures  5  and  6,  it  may  be  seen  that 
the  following  vector  assignments  apply: 

40  (Xoam2,  Ycam2}  is  the  fixed  position  of  the  optical  axis 
of  auxiliary  camera  60  relative  to  machine  zero. 

{Xfidtme,  Yfidtrue}  is  the  fixed  true  fiducial  position 
relative  to  the  axis  of  the  spindle  26. 

{Xfidcam2,  Yfidcarrtf}  is  the  measured  fiducial  position 
45  relative  to  the  optical  axis  of  auxiliary  camera  60. 

By  vector  analysis,  the  spindle  position  may  be 
expressed  as: 
Xenc  =  Xcam2  +  Xfidcam2  "  Xfidtrue  (3) 
Yenc  =  Ycam2  +  Yfidcam2  -  Yfidtrue  (4) 

50  Thus,  by  substituting  equations  (3)  and  (4), 
respectively  into  equations  (1)  and  (2),  the  lead 
position  may  be  expressed  as: 
Xlead  —  Xcami  4"  Xieadcami  "  Xenc  = 
=  Xcami  +  Xieadcami  -  Xcam2  +  Xfidtrue  -  Xfidcam2  = 

55  =  Xcami  "  Xcam2  +  Xieadcami  +  Xfidtrue  -  Xfidcam2.  (5) 
Ylead  =  Ycami  4"  Yleadcam!  "  Yenc  — 
=  Ycami  +  Yleadcaml  -  Ycam2  +  Yfidtrue  "  Yfidcam2  = 
=  Ycami  "  Ycam2  4"  Yleadcaml  4-  Yfidtrue  -  Yfidcam2-  (6) 

The  errors  in  the  lead  position  measurement 
60  according  to  equations  (5)  and  (6)  are  : 

i)  the  error  in  the  differences  Xcami  -  Xcam2, 
and  Ycami  -  Y0am2,  which  is  constant  for  all  the 
images,  and  thus  does  not  affect  the  measure- 
ment  of  the  leads  in  relation  to  each  other. 

65  ii)  the  error  in  the  measured  lead  position, 

3 
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{xieadcami,  Yieadcami}  in  relation  to  the  optical  axis 
of  camera  30,  which  is  measured  with  a 
resolution  of  0,0051  mm  . 

iii)  the  error  in  the  true  fiducial  position. 
Mapping  plate  50  can  be  made  with  a  very  high 
precision,  so  the  relative  positions  of  the 
fiducials  52  in  relation  to  each  other  can  be  as 
accurate  as  0,0013mm  for  instance.  What  may 
remain  is  a  constant  error  for  the  position  of  the 
whole  mapping  plate  50  in  relation  to  the  spindle 
26,  but  this  error  is  constant  for  all  the  images 
and  thus  does  not  affect  the  measurement  of 
the  leads'  in  relation  to  each  other. 

(iv)  the  error  in  the  measured  fiducial  position 
{Xfidcam2,  Yfidcam2f  in  relation  to  the  optical  axis  of 
auxiliary  camera  60,  which  is  measured  with  a 
resolution  of  0.00005  inches. 

Since  the  non  constant  error  term  that  dominates 
is  (ii)  the  error  in  the  lead  position  measurement,  and 
since  the  other  non  constant  error  terms  are 
substantially  smaller,  the  precision  of  the  result  is 
going  to  be  roughly  the  same  as  the  precision  in  the 
lead  measurement  relative  to  the  camera,  i.e., 
0,0051mm 

From  this,  the  accuracy  in  the  lead  position 
measurement  relative  to  the  other  leads  can  be 
expected  to  be  better  than  +/-  0,0076mm. 

Without  the  invention,  using  the  existing  encoder 
22  as  the  only  reference,  the  encoder  precision  and 
other  errors  in  the  positioning  systems  would  result 
in  a  total  accuracy  in  the  lead  position  inspection  of 
only  0,025-0,076mm  (depending  on  how  the  encoder 
follows  the  true  repositioning  of  spindle  26  and  the 
like). 

By  use  of  the  invention,  the  total  error  involved  in 
chip  placement  is  reduced  over  that  without  use  of 
the  invention  because  the  knowledge  of  the  position 
and  orientation  of  the  lead  pattern  relative  to  the 
central  axis  of  the  spindle  26  is  much  more  precise 
than  that  achieved  without  the  invention.  With  the 
invention,  the  placement  error  is  dominated  by  the 
encoder  error  when  the  spindle  is  moved  away  from 
the  inspection  station  and  auxiliary  camera.  Encoder 
errors  which  are  non  critical  are  encountered  prior  to 
establishing  the  exact  location  of  the  leads  at  the 
inspection  station. 

The  vision  system  includes  a  computer  system 
which  can  decode  the  image  and  tell  us  where  a 
reference  line  or  point  of  the  inspected  work  is 
relative  to  the  optical  axis  of  the  camera.  By  finding 
al!  of  the  lead  locations  relative  to  a  reference  such 
as  the  longitudinal  axis  of  spindle  26  and  by 
comparing  the  actual  lead  pattern  to  a  nominal  lead 
pattern  such  as  by  use  of  a  leads  fitting  program  of 
the  vision  system,  the  spindle  may  be  corrected  in  X, 
Y  and  0  in  order  to  match  the  leads  with  the 
corresponding  pattern  of  solder  pads  at  the  place- 
ment  location  on  the  circuit  board.  Still  further,  by 
use  of  such  a  leads  fitting  program,  it  is  possible  to 
determine  a  placement  error  for  each  lead/pad 
interface  according  to  such  a  spindle  correction  so 
that  acceptance  or  rejection  of  the  component  may 
be  made  as  soon  as  the  component  is  inspected.  A 
typical  criteria  for  acceptance  or  rejection  of  the 
component  after  spindle  correction  is  that  each  lead 

have  at  least  a  75  percent  overlap  with  the 
corresponding  solder  pad. 

The  vision  system  40  may  comprise  an  AISl  model 
3000  manufactured  by  Applied  Intelligence  Systems, 

5  Inc.  of  Ann  Arbor,  Michigan,  and  the  cameras  were 
NEC  model  T122A  distributed  by  Nippon  Electrical 
Company,  130  Martin  Lane,  Elk  Grove  Village,  Illinois 
60007. 

The  encoder  22  and  vision  system  40  are 
10  operatively  associated  with  each  other  by  means  of  a 

computer  or  the  like.  In  a  prototype  of  the  invention, 
the  overall  machine  control  was  by  several  Motorola 
68000  computers  connected  together  by  a  VME- 
type  bus,  with  one  of  them  controlling  the  position- 

15  ing  system  with  the  encoder  feedback  and  com- 
municating  the  detected  position  to  the  computer 
which  controls  the  vision  system. 

Having  described  the  invention,  it  will  be  seen  that 
the  objects  set  forth  above,  among  those  made 

20  apparent  from  the  preceding  description,  are  effi- 
ciently  obtained  and,  since  certain  changes  may  be 
made  in  carrying  out  the  above  method  and  in  the 
construction  set  forth  without  departing  from  the 
scope  of  the  invention,  it  is  intended  that  all  matter 

25  contained  in  the  above  description  or  shown  in  the 
accompanying  drawings  shall  be  interpreted  as 
illustrative  and  not  in  a  limiting  sense.  For  instance,  it 
is  considered  well  within  the  concept  of  the  invention 
that  the  mounting  of  the  auxiliary  camera  and  the 

30  mapping  plate  may  be  interchanged.  Adaptation  of 
the  auxiliary  feedback  system  of  the  invention  to 
other  positioning  systems  is  also  intended  to  be 
covered  by  this  disclosure  and  appended  claims. 

Further,  it  is  considered  to  be  within  the  context  of 
35  the  invention  that  the  mapping  plate  may  be  of 

sufficient  size  that  the  fiducials  thereof  fall  within  the 
field  of  view  of  the  auxiliary  camera  during  pick  up 
and/or  placement  of  the  component  so  as  to  replace 
or  augment  the  existing  encoder  for  these  functions 

40  also. 
It  is  also  to  be  understood  that  the  following 

claims  are  intended  to  cover  all  of  the  generic  and 
specific  features  of  the  invention  described  herein, 
and  all  statements  of  the  scope  of  the  invention, 

45  which  as  a  matter  of  language,  might  be  said  to  fall 
therebetween. 

50  Claims 

1  -  A  method  of  improving  the  precision  of 
position  recognition  of  a  moveable  spindle  (26) 

55  axis  of  a  positioning  system  (20)  comprising  an 
encoder  (22)  over  that  of  an  existing  position 
feedback  for  the  system  within  a  particular  area 
of  repositioning  of  the  axis,  and  comprising  the 
steps  of  : 

60  providing  a  mapping  plate  (50)  having  an  array 
of  fiducials  (52)  spaced  sufficiently  close 
together  as  to  be  locatable  within  a  camera  (30) 
field  of  view  by  said  existing  positioning  feed- 
back  and  attaching  said  plate  (50)  in  fixed 

65  relation  to  said  moveable  axis  ; 

4 
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providing  a  camera  (60),  and  vision  system  (40) 
operatively  associated  therewith,  which 
together  are  more  precise  than  said  existing 
position  feedback  system  and  mounting  said 
camera  (60)  in  fixed  relation  to  a  home 
reference  of  said  positioning  system  (20)  ; 
situating  said  camera  (60)  such  that  at  least  one 
of  said  fiducials  (52)  is  within  a  field  of  view  of 
said  camera  (60)  over  at  least  a  limited  area  of 
repositioning  of  said  axis  ; 
determining  a  location  of  said  axis  within  at 
least  said  limited  area  by  said  camera  (60)  and 
vision  system  (40)  more  precisely  than  obtain- 
able  by  said  encoder  (22)  above. 

2  -  A  method  of  inspecting  component  (2) 
lead  positions  and  orientations  relative  to  a 
-eference  with  more  precision  than  obtainable 
oy  an  existing  encoder  (22)  of  a  positioning 
system  (20)  which  handles  said  components, 
comprising  the  steps  of  : 
providing  a  mapping  plate  (50)  having  an  array 
of  fiducials  (52)  spaced  sufficiently  close 
together  as  to  be  locatable  within  a  camera  (30) 
Field  of  view  of  said  existing  positioning  feed- 
back  and  attaching  said  plate  (50)  in  fixed 
relation  to  said  moveable  axis  ; 
providing  a  camera  (60),  and  vision  system  (40) 
operatively  associated  therewith,  which 
together  are  more  precise  than  said  existing 
position  feedback  system  and  mounting  said 
camera  (60)  in  fixed  relation  to  a  home 
reference  of  said  positioning  system  (20)  ; 
situating  said  camera  (60)  such  that  at  least  one 
of  said  fiducials  (52)  is  within  a  field  of  view  of 
said  camera  (60)  over  at  least  a  limited  area  of 
repositioning  of  said  axis  ; 
determining  by  said  encoder  (22)  which  particu- 
lar  fiducial  is  closest  to  an  optical  axis  of  said 
camera  ;  and 
determining  the  location  of  said  axis,  indirectly 
and  with  more  precision  than  obtainable  by  said 
encoder  (22)  alone,  by  locating  said  fiducial 
relative  to  said  camera  optical  axis  with  a 
precision  obtainable  by  said  camera  (60)  and 
vision  system  (40),  and  utilizing  the  fixed 
relations  between  said  fiducial  and  said  axis  and 
between  said  camera  optical  axis  and  said 
home  reference  of  said  positioning  system. 

3  -  In  a  method  of  picking  and  placing  a 
component  (2)  by  means  of  an  X-Y  moveable 
spindle  (26)  of  a  positioning  system  (20)  in 
which  each  position  of  the  spindle  is  detectable 
by  an  encoder  (22)  of  a  particular  precision,  the 
improvement  comprising  : 
providing  an  auxiliary  means  (60,  40)  for 
detecting  positions  of  said  spindle  (26),  within 
at  least  a  limited  area  generally  perpendicular  to 
said  spindle,  more  precisely  than  obtainable  by 
said  encoder  (22)  ; 
providing  sufficient  precision  by  said  encoder 
(22)  for  locating  a  reference  which  is  fixed  to 
said  spindle  (26)  within  a  detection  range  of 
said  auxiliary  detecting  means  (60,  40)  when 
said  spindle  (26)  is  positioned  within  said 
limited  area  ;  and 

detecting  each  position  of  said  spindle  (26) 
within  said  limited  area  by  said  auxiliary  detect- 
ing  means  (60,40). 

4  -  An  apparatus  for  improving  the  precision 
5  of  position  recognition  of  a  moveable  spindle 

(26)  axis  of  a  positioning  system  (20)  compris- 
ing  an  encoder  (22)  over  that  of  an  existing 
position  feedback  for  the  system  within  an  area 
of  repositioning  of  the  axis,  and  comprising  : 

10  a  mapping  plate  (50)  fixed  in  relation  to  said 
moveable  axis  and  having  an  array  of  fiducials 
(52)  spaced  sufficiently  close  together  as  to  be 
locatable  within  a  camera  (30)  field  of  view  by 
said  existing  positioning  feedback  ; 

15  a  camera  (60)  and  vision  system  (40)  operatively 
associated  therewith,  which  together  are  more 
precise  than  said  existing  position  feedback 
system,  said  camera  (60)  mounted  in  fixed 
relation  to  a  home  reference  of  said  positioning 

20  system  (20)  ;  and 
said  camera  (60)  being  situated  such  that  at 
least  one  of  said  fiducials  (52)  is  within  a  field  of 
view  of  said  camera  (60)  over  at  least  a  limited 
area  of  repositioning  of  said  axis  ; 

25  whereby  said  camera  (60)  and  vision  system 
(40)  obtain  a  location  of  said  axis  within  at  least 
said  limited  area  by  more  precisely  than  obtain- 
able  by  said  encoder  (22)  alone. 

5  -An  apparatus  for  inspecting  component 
30  (2)  lead  positions  and  orientations  relative  to  a 

reference  with  more  precision  than  obtainable 
by  an  existing  encoder  (22)  of  a  positioning 
system  (20)  which  handles  said  components 
(2),  comprising  : 

35  a  mapping  plate  (50)  fixed  in  relation  to  said 
moveable  axis  and  having  an  array  of  fiducials 
(52)  spaced  sufficiently  close  together  as  to  be 
locatable  within  a  camera  (30)  field  of  view  by 
said  existing  positioning  feedback  ; 

40  a  camera  (60)  and  vision  system  (40)  operatively 
associated  therewith,  which  together  are  more 
precise  than  said  existing  position  feedback 
system,  said  camera  (60)  being  mounted  in 
fixed  relation  to  a  home  reference  of  said 

45  positioning  system  (20),  such  that  at  lease  one 
of  said  fiducials  (52)  is  within  a  field  of  view  of 
said  camera  (60)  over  at  least  a  limited  area  of 
repositioning  of  said  axis  ; 
means  for  determining  by  said  encoder  (22) 

50  which  particular  fiducial  is  closest  to  an  optical 
axis  of  said  camera  (60)  ;  and 
means  for  determining  the  location  of  said  axis, 
indirectly  and  with  more  precision  than  obtain- 
able  by  said  encoder  alone,  by  locating  said 

55  fiducial  relative  to  said  camera  optical  axis  with 
a  precision  obtainable  by  said  camera  and 
vision  system,  and  utilizing  the  fixed  relations 
between  said  fiducial  and  said  axis  and  between 
said  camera  optical  axis  and  said  home  ref- 

60  erence  of  said  positioning  system. 
6  -  In  an  apparatus  for  picking  and  placing  a 

component  (2)  by  means  of  an  X-Y  moveable 
spindle  (26)  of  a  positioning  system  (20)  in 
which  each  position  of  the  spindle  (26)  is 

65  detectable  by  an  encoder  (22)  of  a  particular 

5 
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precision,  the  improvement  comprising  : 
an  auxiliary  means  (60,  40)  for  detecting 
positions  of  said  spindle,  within  at  least  a  limited 
area  generally  perpendicular  to  said  spindle, 
more  precisely  than  obtainable  by  said  encoder  5 
(22)  ;  and 
a  reference  device  (50,  52)  which  is  fixed  to  said 
spindle  so  as  to  be  within  a  detection  range  of 
said  auxiliary  detecting  means  (60,  40)  when 
said  spindle  (26)  is  positioned  within  said  10 
limited  area,  said  reference  device  (50,  52) 
being  located  by  said  encoder  (22)  with  suffi- 
cient  precision  for  detection  by  said  auxiliary 
detecting  means  (60,  40). 

7  -  The  improvement  as  in  clain  6,  wherein  :  15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

said  reference  device  comprises  a  mapping 
plate  (50)  having  an  array  of  fiducials  (52)  ;  and 
said  auxiliary  detecting  means  comprises  a 
camera  (60)  and  operatively  associated  vision 
system  (40)  which  together  provide  a  precision 
equal  to  or  better  than  a  position  feedback 
precision  required  within  said  limited  area. 

8  -  The  improvement  as  in  claim  7,  and  further 
comprising  : 
an  additional  camera  (60)  operatively  associ- 
ated  with  said  vision  system  (40)  and  situated 
with  a  field  of  view  within  said  limited  area  for 
inspection  of  component  leads. 

6 
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