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(54)  Automated  inspection  system  with  transport  and  ejector  conveyor 

(57)  An  automated  inspection  system  for  inspecting 
packages,  such  as  blister  packages,  to  verify  the  pres- 
ence  therein  of  products,  such  as  contact  lenses,  prior 
to  heat  sealing  of  the  blister  packages.  The  automated 
inspection  system  includes  a  transport  and  ejector 
mechanism  for  ejecting  any  defective  packages  deter- 
mined  by  the  automated  inspection  system  not  to  have 
a  product  therein.  The  automated  inspection  system 
includes  an  optical  inspection  station  at  which  packages 
are  optically  inspected  by  video  cameras  to  verify  that  a 
product  is,  in  fact,  present  in  each  package  base.  A  pack- 
age  conveyor  system  is  provided  for  conveying  the  pack- 
ages  by  the  optical  inspection  station.  Following  the 
optical  inspection  station,  an  ejector  ramp  of  the  trans- 
port  and  ejector  mechanism  is  selectively  switchable 
between  a  first  raised  position  in  which  package  bases 
are  passed  on  for  further  processing,  and  a  second  low- 
ered  position  in  which  defective  packages  are  transferred 
from  the  package  conveyor  system  to  the  ejector  ramp 
and  a  buffer  area  for  ejected  packages.  In  a  disclosed 
embodiment,  each  package  base  is  part  of  a  linear  array 
of  six  connected  package  bases,  and  the  optical  inspec- 
tion  station  includes  three  video  cameras  placed  in  a 
series  along  the  package  conveyor  system.  Each  video 
camera  optically  examines  an  adjacent  two  connected 
package  bases,  such  that  the  three  video  cameras  simul- 
taneously  optically  examine  all  six  connected  package 
bases  in  each  linear  array. 

FIG.  2  

30 
Monochrome RS-232  Terminal  54 

52. 
^ r j f f   High-Resolution Keyboard  50  ^or  Monitor 

IP-940 

148 
Electronics 

Rejected Blister  Pack 36> 

Reject  ' 
Mechanism  I 

42  I 
r f -110^ 

Cameras 

i  56 

Keller  Robot Controller +44 

i§|  jl.ens-L.oad  40 

AO  j-T-J—  i-rj-IO 

Passed Blister  Pack V  f  t  t  Conveyor  Belt  32 
M  1/ 

Light 34"* 

<7> 
CO 
o  
a .  
LU 

Printed  by  Rank  Xerox  (UK)  Business  Services 
2.9/3.4 



EP  0  691  273  A1 1  EP  0  691 

Description 

BACKGROUND  OF  THE  INVENTION 

1.  Field  of  the  Invention  s 

The  present  invention  relates  generally  to  an  auto- 
mated  inspection  system  for  inspecting  packages  to  ver- 
ify  the  presence  therein  of  a  product  being  packaged, 
such  as  a  contact  lens.  The  automated  inspection  sys-  10 
tern  includes  a  transport  and  ejector  conveyor  for  eject- 
ing  any  defective  packages  determined  by  the 
automated  inspection  system  not  to  have  a  product 
therein. 

More  particularly,  the  subject  invention  pertains  to  15 
an  automated  inspection  system  for  blister  packages  to 
verify  the  presence  therein  of  contact  lenses  prior  to  heat 
sealing  of  the  blister  packages  on  subsequent  manufac- 
turing  lines.  The  automated  inspection  system  and  the 
transport  and  ejector  conveyor  prevent  defective  empty  20 
blister  packages  from  reaching  customers,  and  also 
reduce  inspection  costs.  The  system  is  designed  to  iden- 
tify  and  reject  all  blister  packages  with  missing  lenses 
and  present  them  to  an  operator  for  rework. 

25 
2.  Discussion  of  the  Prior  Art 

Recently,  several  automated  systems  have  been 
developed  for  producing  ophthalmic  lenses,  particularly 
contact  lenses,  and,  for  example,  one  such  system  is  dis-  30 
closed  in  U.S.  Patent  5,080,839.  These  systems  have 
achieved  a  very  high  degree  of  automation,  and  the 
lenses  may  be  molded,  removed  from  the  molds,  further 
processed  and  packaged  all  without  any  direct  human 
involvement.  Even  with  these  highly  automated  systems,  35 
however,  normally  after  the  lenses  are  packaged,  each 
package  is  visually  inspected  by  a  person  to  verify  that 
the  package  contains  a  lens,  which  represents  a  signifi- 
cant  cost.  The  cost  of  package  inspection  could  be  sub- 
stantially  reduced  if  the  inspection  were  automated.  In  40 
addition,  although  these  personal  inspections  are  highly 
accurate,  the  reliability  of  the  package  inspection  could 
be  made  even  more  accurate  by  employing  an  auto- 
mated  inspection  to  verify  the  presence  of  lenses  in 
packages.  45 

Automated  loading  of  lenses  without  verifying  an 
actual  transfer  of  a  contact  lens  into  a  package  base  can 
result  in  more  than  two  percent  of  processed  packages 
without  a  lens,  which  is  more  than  ten  times  the  average 
rate  found  on  one  production  line  which  uses  manual  so 
loading  of  lenses.  The  present  invention  concerns  an 
automated  inspection  vision  system  which  detects  pack- 
age  bases  having  missing  lenses,  greatly  minimizing  this 
error. 

55 
SUMMARY  OF  THE  INVENTION 

Accordingly,  it  is  a  primary  object  of  the  present 
invention  to  provide  an  automated  inspection  system  for 

inspecting  packages  to  verify  the  presence  therein  of  a 
product  being  packaged,  such  as  a  contact  lens.  The 
automated  inspection  system  includes  a  transport  and 
ejector  conveyor  for  ejecting  any  defective  packages 
determined  by  the  automated  inspection  system  not  to 
have  a  product  therein. 

A  further  object  of  the  subject  invention  is  the  provi- 
sion  of  an  automated  system  for  inspecting  blister  pack- 
ages  to  verify  therein  the  presence  of  contact  lenses  prior 
to  heat  sealing  of  the  blister  packages. 

Another  object  of  the  present  invention  is  to  provide 
a  transport  and  ejector  mechanism  for  an  automated 
inspection  system  which  inspects  lens  packages  auto- 
matically  at  a  rate  of  about  1  2  packages  per  minute  to 
verify,  with  an  error  rate  of  less  than  1%  for  both  type  I 
(false  reject)  and  type  II  (passed  reject)  errors,  and  pref- 
erably  a  false-reject  error  rate  of  less  than  0.1%,  that 
lenses  are,  in  fact,  in  the  packages. 

In  accordance  with  the  teachings  herein,  the  present 
invention  provides  an  automated  inspection  system  hav- 
ing  a  transport  and  ejector  conveyor.  The  automated 
inspection  system  includes  an  optical  inspection  station 
at  which  package  bases,  having  a  product  such  as  a  con- 
tact  lens  therein,  are  optically  inspected  to  verify  that  a 
product  is,  in  fact,  present  in  each  package  base.  A  pack- 
age  conveyor  system  is  provided  for  conveying  the  pack- 
age  bases  by  the  optical  inspection  station.  Following  the 
optical  inspection  station,  an  ejector  mechanism  is  selec- 
tively  switchable  between  a  first  position  in  which  pack- 
age  bases  are  passed  on  for  further  processing,  and  a 
second  position  in  which  the  ejector  system  transfers 
packages  that  are  determined  by  the  optical  inspection 
station  not  to  have  a  product  therein  from  the  package 
conveyor  system  to  an  ejector  buffer  area. 

In  greater  detail,  the  package  bases  comprise  linear 
arrays  of  connected  individual  package  bases,  each  of 
which  is  to  receive  a  product  therein.  The  optical  inspec- 
tion  station  includes  a  plurality  of  video  cameras,  each 
of  which  optically  inspects  a  given  number  of  individual 
package  bases  less  than  the  number  of  package  bases 
in  the  linear  array.  The  optical  inspection  station  includes 
an  illumination  fixture  mounted  on  one  side  of  the  pack- 
age  conveyor  system,  and  video  cameras  mounted  on 
an  opposite  second  side  of  the  package  conveyor  sys- 
tem.  The  video  cameras  are  mounted  on  a  support  which 
is  independently  adjustable  by  separate  x,  y  and  z  adjus- 
ter  mechanisms  for  translation  along  x,  y  and  z  axes  to 
precisely  position  the  video  cameras  relative  to  the  pack- 
age  conveyor  system.  In  a  disclosed  embodiment,  each 
linear  array  of  connected  package  bases  comprises  six 
connected  package  bases,  and  the  optical  inspection 
station  includes  three  video  cameras  placed  in  a  series 
along  the  package  conveyor  system.  Each  video  camera 
optically  examines  an  adjacent  two  connected  package 
bases,  such  that  the  three  video  cameras  simultaneously 
optically  examine  all  six  connected  package  bases  in 
each  linear  array. 

The  package  conveyor  system  includes  an  endless 
conveyor  which  travels  in  an  endless  loop  by  1)  a  pack- 
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age  base  depositing  station  at  which  package  bases  are 
deposited  onto  the  package  conveyor  system,  2)  a  prod- 
uct  depositing  station  at  which  products  are  deposited 
into  each  package  base,  3)  the  optical  inspection  station 
at  which  the  packages  are  optically  inspected  to  verify 
that  each  package  base  has  a  product  deposited  therein, 
and  4)  the  ejector  system. 

The  ejector  system  includes  an  ejector  conveyor 
system,  and  an  ejection  ramp  which  is  raised  or  lowered 
onto  the  package  conveyor  system.  A  pneumatic  cylinder 
drives  the  ejection  ramp  between  raised  and  lowered 
positions.  The  ejector  conveyor  system  includes  an  end- 
less  belt  transport  for  transporting  ejected  packages  up 
the  ejection  ramp  to  a  buffer  area  on  which  ejected  pack- 
ages  are  accumulated. 

The  package  conveyor  system  includes  spaced  rails 
upon  which  the  packages  slide  during  movement  along 
the  package  conveyor  system.  The  packages  define  a 
product  receiving  cavity,  and  the  spaced  rails  include  two 
spaced  rails  which  are  positioned  on  opposite  sides  of 
the  product  receiving  cavity.  The  packages  also  define 
first  alignment  lugs  depending  from  a  first  end  of  the 
package  adjacent  to  and  slightly  spaced  from  the  product 
receiving  cavity,  and  one  rail  is  positioned  between  the 
first  depending  lugs  and  the  product  receiving  cavity. 
Second  alignment  lugs  are  provided  depending  from  a 
second  end  of  the  package  which  ride  along  the  second 
rail.  Each  of  the  rails  is  preferably  rounded  along  its  top 
edge  to  accommodate  sliding  of  the  packages  the- 
realong.  The  package  conveyor  system  further  includes 
a  belt  drive  having  drive  lugs  periodically  spaced  along 
the  belt  drive,  which  drive  the  packages  along  the  spaced 
rails.  The  package  conveyor  system  is  periodically  driven 
to  index  and  stop  the  packages  at  periodically  spaced 
positions  along  the  package  conveyor  system,  at  which 
the  functions  described  herein  are  performed. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  foregoing  objects  and  advantages  of  the 
present  invention  for  an  automated  inspection  system 
with  a  transport  and  ejector  conveyor  may  be  more  read- 
ily  understood  by  one  skilled  in  the  art  with  reference 
being  had  to  the  following  detailed  description  of  several 
preferred  embodiments  thereof,  taken  in  conjunction 
with  the  accompanying  drawings  wherein  like  elements 
are  designated  by  identical  reference  numerals  through- 
out  the  several  views,  and  in  which: 

Figure  1  is  a  schematic  top  planar  view  of  a  blister 
package  comprising  a  linear  array  of  six  individual 
packages,  each  of  which  is  to  be  inspected  by  the 
automated  inspection  system  to  determine  if  each 
individual  package  has  a  product  such  as  a  lens 
deposited  therein; 
Figure  2  is  a  schematic  illustration  of  a  lensload 
vision  system  employing  an  automated  inspection 
system  having  a  transport  and  ejector  system  pur- 
suant  to  the  subject  invention; 

Figure  3  is  a  front  elevation  view  of  a  packaging  sys- 
tem  having  a  sequence  of  a  blister  package  drop 
machine  for  placing  package  bases  on  a  package 
conveyor  system,  a  lensload  machine  for  placing 

5  contact  lenses  in  the  blister  package  bases,  an  auto- 
mated  inspection  system  for  verifying  that  each 
package  base  does,  in  fact,  have  a  contact  lens 
deposited  therein,  and  a  transport  and  ejector  sys- 
tem  for  ejecting  packages  determined  by  the  auto- 

10  mated  inspection  system  not  to  have  a  contact  lens 
therein,  and  illustrates  the  path  of  a  common  pack- 
age  conveyor  which  conveys  packages  sequentially 
through  all  of  the  machines  and  systems; 
Figure  4  is  a  top  plan  view,  taken  from  the  rear,  of 

15  an  automated  inspection  system  and  transport  and 
ejector  system  of  the  subject  invention; 
Figures  5,  6  and  7  are  respectively  rear  elevational, 
right  side  elevational,  and  top  plan  views  of  an 
inspection  camera  cell  pursuant  to  the  present 

20  invention; 
Figures  8  and  9  are  respectively  a  front  elevational 
view  and  a  section  view,  taken  along  arrows  9-9  in 
Figure  8,  of  a  transport  and  ejector  mechanism  pur- 
suant  to  the  subject  invention; 

25  Figures  1  0  and  1  1  are  respectively  a  top  plan  view 
and  a  sectional  view,  taken  along  arrows  11-11  in 
Figure  10,  of  the  transport  and  ejector  mechanism 
illustrated  in  Figures  8  and  9;  and 
Figure  12  illustrates  bottom  plan  views  of  two 

30  embodiments  of  a  transport  conveyor  belt  positioned 
beneath  a  blister  package  as  shown  in  Figure  1  ,  illus- 
trating  the  positioning  of  the  transport  conveyor  belt 
relative  to  the  alignment  lugs  and  the  product  cavity 
of  the  blister  package. 

35 
DETAILED  DESCRIPTION  OF  THE  DRAWINGS 

Referring  to  the  drawings  in  detail  ,  Figure  1  is  a  sche- 
matic  top  planar  view  of  a  blister  package  1  0  comprising 

40  a  linear  array  of  six  individual  packages  1  2,  each  of  which 
is  to  be  inspected  by  the  automated  inspection  system 
to  determine  if  each  individual  package  has  a  product 
such  as  a  lens  14  deposited  therein.  If  any  lens  is  miss- 
ing,  the  entire  blister  pack  is  rejected.  The  packages  10 

45  define  a  product  receiving  cavity  16,  and  further  define 
first  alignment  lugs  18  depending  from  a  first  side  of  the 
package  adjacent  to  and  slightly  spaced  from  the  product 
receiving  cavity,  and  second  alignment  lugs  20  depend- 
ing  from  a  second  side  of  the  package.  The  product  cav- 

50  ities  are  located  on  1  .8  inch  centers.  The  depths  of  the 
product  receiving  cavities  16  and  the  first  and  second 
alignment  lugs  18  and  20  are  illustrated  generally  in  Fig- 
ure  9.  With  the  blister  package  shown  in  Figure  1  ,  lenses 
are  disposed  in  the  cavities  of  packages,  however  some 

55  lenses  may  be  missing  from  some  of  the  packages,  as 
illustrated  by  Figure  1  . 

The  packages  are  transported  through  the  auto- 
mated  inspection  system  by  sliding  on  first  and  second 
spaced  transporter  steel  rails  22  and  24.  As  illustrated  in 
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Figures  4  and  6,  the  arrangement  is  such  that  a  first  rail 
22  is  positioned  between  the  first  alignment  lugs  18  and 
the  product  receiving  cavity  1  6,  and  the  second  rail  24  is 
positioned  adjacent  to  the  second  alignment  lugs. 

Figure  2  is  a  schematic  illustration  of  a  lensload  s 
vision  system  30  employing  an  automated  inspection 
system  having  a  transport  and  ejector  system  pursuant 
to  the  subject  invention.  The  system  30  generally  com- 
prises  a  transport  subsystem  32,  an  illumination  subsys- 
tem  34,  imaging  inspection  subsystem  36,  and  image  u 
processing  subsystem  38.  Figure  2  also  shows  a  lens 
loading  mechanism  or  assembly  40,  a  reject  mechanism 
42,  a  reject  mechanism  controller  44,  and  a  plurality  of 
groups  of  lens  packages  1  0  in  various  conveyance  posi- 
tions  in  Figure  2.  n 

With  a  preferred  embodiment  of  the  system  30,  the 
transport  subsystem  32  includes  transporter  rails  22  and 
24,  and  an  endless  package  conveyor  belt  26.  The  illu- 
mination  subsystem  34  includes  a  housing,  a  light  source 
and  diffuser,  as  described  in  greater  detail  in  a  contem-  2t 
poraneously  filed  European  patent  application  claiming 
priority  from  USSN  08/251  525  (Attorney  reference  P 
13778EP).  Also,  in  a  preferred  system  30,  the  imaging 
subsystem  36  includes  a  plurality  of  three  cameras  46, 
each  of  which  includes  conventional  components  of  a  21 
housing,  pixel  array,  shutter  and  lens  assembly.  The 
inspection  station  requires  three  cameras  to  image  a 
blister  pack.  A  single  IP940  image  processor  acquires 
images  from  the  three  cameras,  processes  those  images 
to  determine  if  a  lens  is  missing  from  one  of  the  six  blister  3< 
cavities,  and  reports  the  disposition  of  the  blister  pack  to 
the  reject  controller  44.  These  events  take  place  in  1  .25 
seconds.  The  three  cameras  are  preferably  configured 
to  make  the  synchronization  circuitry  of  one  camera  drive 
the  sync  inputs  of  the  other  two  cameras.  This  makes  the  3t 
video  synchronization  from  all  three  cameras  identical, 
and  allows  the  IP940  to  switch  video  inputs  between 
fields  with  no  frame  delays. 

As  shown  in  Figure  2,  and  as  described  in  greater 
detail  in  the  contemporaneously  filed  European  applica-  4t 
tion  mentioned  above,  the  image  processing  subsystem 
38  includes  a  plurality  of  processing  and  memory  boards 
48,  input  means  such  as  a  keyboard  50,  video  monitor 
52  and  an  RS-232  terminal  54.  In  the  schematic  repre- 
sentation  of  Figure  2,  the  packages  10  are  transported  « 
through  the  lensload  station  40,  in  which  a  contact  lens 
is  loaded  into  each  cavity  16,  then  through  the  optical 
inspection  terminal  36,  at  which  the  presence  is  verified 
of  a  lens  in  each  package,  then  through  an  ejector  mech- 
anism  42,  at  which  defective  packages,  not  having  a  con-  st 
tact  lens  loaded  therein,  are  removed  from  a  package 
conveyor  belt  26. 

The  lensload  vision  system  (LLVS)  includes  a  high 
resolution  display,  three  image  processors  and  a  termi- 
nal,  which  are  linked  via  overhead  cables  to  a  camera  st 
module,  consisting  of  three  video  cameras  46,  and  a 
robot  controller  44.  In  less  than  two  seconds,  all  six  pack- 
ages  in  a  single  blister  pack  are  imaged  by  three  cam- 
eras,  inspected  by  the  LLVS,  and  the  results  reported  to 

the  robot  controller.  If  the  blister  pack  has  a  missing  lens, 
it  is  rejected  onto  a  rework  ramp,  where  a  single  operator 
places  it  into  a  rework  magazine.  During  a  three  second 
or  less  delay  between  an  inspection  result  and  a  con- 
veyor  index  motion,  the  robot  controller  44  activates  a 
rejection  gate  56  if  necessary.  Illumination  for  the  inspec- 
tion  is  provided  by  a  constant  light  source  34,  designed 
to  maximize  contrast  and  uniformity.  The  system  is  able 
to  perceive  the  contrast  at  the  edge  of  a  lens  in  the  pack- 
age,  even  though  the  lens  is  more  transparent  than  the 
package. 

The  success  rate  was  specified  to  be  less  than  one 
percent  error  in  either  the  type  I  (false  reject)  or  type  II 
(passed  reject)  categories.  This  rate  ensures  that  the 
operator  has  time  to  manipulate  all  rejections.  The  LLVS 
more  than  meets  this  criteria.  During  runs,  the  type  I  rate 
was  0.29  percent,  and  the  type  II  was  0.10  percent.  Mul- 
tiplying  the  type  II  rate  by  1  .45  percent,  the  typical  miss- 
ing  lens  rate  of  the  robots,  yields  a  very  low  total  rate  of 
missing  lenses  passed.  In  fact,  the  rate  is  so  low  that  it 
virtually  eliminates  the  category  of  missing  lenses. 
Instead  of  a  normal  1  ,700  lenses  missing  per  1  ,000,000, 
the  LLVS  performs  at  a  rate  equal  to  15  per  1  ,000,000. 
Customer  satisfaction  should  be  positively  affected  by 
the  lower  rate  of  missing  lenses. 

Figure  3  is  a  front  elevation  view  of  a  packaging  sys- 
tem  60  having  a  sequence  of  a  blister  package  drop 
machine  62  for  placing  package  bases  on  a  package 
conveyor  system,  a  lensload  machine  40  for  placing  con- 
tact  lenses  in  the  blister  package  bases,  an  automated 
inspection  system  36  for  verifying  that  each  package 
base  does,  in  fact,  have  a  contact  lens  deposited  therein, 
and  a  transport  and  ejector  system  64  for  ejecting  pack- 
ages  determined  by  the  automated  inspection  system 
not  to  have  a  contact  lens  therein. 

Various  lens  load  mechanisms  40  are  known  in  the 
art.  Commonly,  these  lens  load  mechanisms  include  a 
robot,  a  robot  arm,  sometimes  referred  to  as  a  robot  cell, 
that  is  used  to  carry  lenses  from  a  supply  or  source 
thereof  and  to  deposit  those  lenses  in  the  cavities  of 
packages.  The  packaging  system  60  may  be  used  inde- 
pendent  of  any  specific  method  or  apparatus  placing  or 
depositing  lenses  in  the  packages.  The  system  60  is  well 
suited,  though,  for  use  in  a  larger  system  in  which  lenses 
are  automatically  made,  inspected,  treated,  and  then 
placed  in  packages  by  robots.  Immediately  after  a  robot- 
ics  lens  loading  operation,  the  blister  pack  transport  belt 
is  indexed  one  position,  moving  a  filled  blister  pack  fur- 
ther  down  the  line.  After  two  index  movements,  the  blister 
pack  arrives  beneath  the  LLVS  camera  module.  Inside 
the  module,  three  cameras  46  image  the  blister  pack,  two 
packages  per  camera. 

The  package  conveyor  system  includes  an  endless 
conveyor  belt  26  which  travels  in  an  endless  loop  by  1) 
the  package  base  depositing  station  62  at  which  pack- 
age  bases  are  deposited  onto  the  package  conveyor  sys- 
tem  26,  2)  the  product  depositing  station  40  at  which 
products  are  deposited  into  each  package  base,  3)  the 
optical  inspection  station  36  at  which  the  packages  are 
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optically  inspected  to  verify  that  each  package  base  has 
a  product  deposited  therein,  and  4)  the  transport  and 
ejector  system  64. 

The  transport  and  ejector  system  64  includes  an 
ejection  ramp  56,  which  is  pivoted  about  point  66,  and  is  s 
actuated  by  a  pneumatic  cylinder  67  operating  through 
an  L-shaped  crank  68,  pivoted  about  pivot  69,  and  an 
arm  71  ,  to  raise  or  lower  the  ramp  56.  In  a  raised  position, 
the  packages  on  the  package  conveyor  26  proceed 
under  the  ramp  56  for  further  processing.  In  a  lowered  u 
position,  the  packages  on  the  package  conveyor  proceed 
up  the  ramp  56  where  they  are  driven  by  an  endless  con- 
veyor,  comprised  of  two  O-ring  rubber  belts  58  on  oppo- 
site  sides  of  the  ramp  56.  The  drive  belts  58  engage  the 
package  and  transfer  it  to  a  buffer  area  59  where  the  n 
packages  are  accumulated. 

The  package  conveyor  system  includes  spaced  rails 
22,  24  upon  which  the  packages  slide  during  movement 
along  the  package  conveyor  system.  The  first  rail  22  is 
positioned  between  the  first  alignment  lugs  18  and  the  2t 
product  receiving  cavity  1  6,  and  the  second  alignment 
lugs  20  ride  along  the  second  rail  24.  Each  of  the  rails  is 
preferably  rounded  along  its  top  edge  to  accommodate 
sliding  of  the  packages  therealong.  The  package  con- 
veyor  system  further  includes  an  endless  conveyor  belt  21 
26  having  drive  lugs  28  periodically  spaced  along  the  belt 
drive,  which  drive  the  packages  along  the  spaced  rails. 
The  package  conveyor  system  is  periodically  driven  to 
index  and  stop  the  packages  at  periodically  spaced  posi- 
tions  along  the  package  conveyor  system,  at  which  the  3< 
functions  described  herein  are  performed. 

Figure  12  illustrates  bottom  plan  views  of  two 
embodiments  26  and  26a  of  a  transport  conveyor  belt 
positioned  beneath  a  blister  package  a  shown  in  Figure 
1  ,  illustrating  the  positioning  of  the  transport  conveyor  3; 
belt  relative  to  a  product  cavity  1  6  of  the  blister  package 
10.  The  drive  belt  26  should  not  interfere  with  the  oper- 
ation  of  the  optical  inspection  system  36  in  which  light 
from  an  illumination  source  34  illuminates  the  bottom  of 
a  blister  package  10,  and  cameras  46  image  the  light  4t 
transmitter  through  the  blister  package  1  0  for  processing 
to  determine  if  a  contact  lens  1  4  is  present  in  each  of  the 
six  product  cavities  16.  Accordingly,  each  drive  belt  26 
or  26a  comprises  spaced  belts  27  or  27a,  one  positioned 
on  each  side  of  the  product  cavity  1  6,  and  possibly  a  rein-  4t 
forced  section  29a.  The  spaced  belts  27  or  27a  provide 
an  opening  therebetween  to  allow  optical  inspection  of 
the  product  cavities  16  of  the  blister  package  10. 

Starting  at  the  upper  right  corner  of  Figure  3,  the 
endless  conveyor  belt  26  travels  1  80°  around  an  idler  pul-  st 
ley  70,  then  travels  on  the  rails  22,  24  to  the  left  under 
the  blister  pack  drop  62,  the  lensload  40,  the  optical 
inspection  station  36,  and  the  ejector  mechanism  64, 
travels  90°  around  idler  pulley  72  down  to  drive  pulley  74, 
travels  90°  around  drive  pulley  74  (which  is  driven  by  a  st 
further  drive  belt  76  and  motor  78)  to  idler  pulley  80,  then 
upwardly  through  idler  pulley  82,  which  is  constructed 
with  a  gap  opening  in  its  face  to  pass  the  drive  lugs  28, 
and  then  to  the  right  back  to  idler  pulley  70. 

The  optical  inspection  station  36  includes  a  plurality 
of  three  video  cameras  46,  each  of  which  optically 
inspects  a  given  number  (e.g.,  two)  of  individual  package 
bases  less  than  the  number  of  package  bases  in  the  lin- 
ear  array.  The  optical  inspection  station  includes  an  illu- 
mination  fixture  34  mounted  on  one  side  of  the  package 
conveyor  system,  and  video  cameras  46  mounted  on  an 
opposite  second  side  of  the  package  conveyor  system. 
The  presence  of  a  blister  package  10  at  the  optical 
inspection  system  36  is  verified  by  an  optical  probe  37, 
Figure  5,  positioned  underneath  the  position  of  a  blister 
package  10  stopped  at  the  optical  inspection  system. 

Figures  5,  6  and  7  are  respectively  rear  elevational, 
right  side  elevational,  and  top  plan  views  of  an  inspection 
camera  cell  70  pursuant  to  the  present  invention.  Any 
suitable  camera  or  cameras  may  be  used,  for  instance, 
each  camera  46  may  be  a  Panasonic  GP-MF552  black 
and  white  CCD  camera.  The  camera  outputs  images  in 
an  RS-170  mode,  with  2-line  interlace.  Only  one  of  the 
line  interlace  frames  is  grabbed  by  the  image  processor 
38  input  in  order  to  limit  the  image  size  to  under  200,000 
pixels.  Keeping  the  total  image  size  under  this  threshold 
is  helpful  in  sizing  the  required  memory  of  the  processor 
board,  thereby  limiting  the  cost  of  the  system. 

Figures  5,  6  and  7  are  respectively  rear  elevational, 
right  side  elevational,  and  top  plan  views  of  an  inspection 
camera  cell  90  pursuant  to  the  present  invention.  In  a 
disclosed  embodiment,  each  linear  array  of  connected 
package  bases  comprises  six  connected  package 
bases,  and,  referring  to  Figures  5,  6  and  7,  the  inspection 
camera  cell  90  includes  three  video  cameras  46  placed 
in  a  series  along  the  package  conveyor  system.  Each 
video  camera  optically  examines  an  adjacent  two  con- 
nected  package  bases  1  2,  such  that  the  three  video  cam- 
eras  simultaneously  optically  examine  all  six  connected 
package  bases  in  each  linear  array. 

The  video  camera  cell  90  is  mounted  on  a  support 
which  is  independently  adjustable  by  separate  x,  y  and 
z  adjustor  mechanisms  for  translation  along  x,  y  and  z 
axes  to  precisely  position  the  video  cameras  relative  to 
the  package  conveyor  system.  The  x  adjustment  mech- 
anism  includes  a  bell  crank  92  which  turns  a  lead  screw 
to  move  the  cameras  in  an  x  direction,  along  the  direction 
of  movement  of  the  conveyor.  The  y  adjustment  mecha- 
nism  includes  a  second  bell  crank  94  which  turns  a  lead 
screw  to  move  the  cameras  in  an  y  direction,  across  the 
width  of  the  blister  package.  The  z  adjustment  mecha- 
nism  includes  a  third  bell  crank  96  which  turns  a  lead 
screw  to  move  the  cameras  in  an  z  direction,  in  a  vertical 
direction  as  illustrated  in  Figure  5.  The  enclosure  98  for 
the  three  cameras  in  cell  90  is  generally  light  tight  to  min- 
imize  illumination  noise  from  background  illumination. 

Figures  8  and  9  are  respectively  a  front  elevational 
view  and  a  section  view,  taken  along  arrows  9-9  in  Figure 
1  8,  of  a  transport  and  ejector  mechanism  64  pursuant  to 
the  subject  invention.  Figures  10  and  1  1  are  respectively 
a  top  plan  view  and  a  sectional  view,  taken  along  arrows 
11-11  in  Figure  10,  of  the  same  transport  and  ejector 
mechanism  illustrated  in  Figures  8  and  9. 
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Referring  to  Figures  8-11,  the  transport  and  ejector 
system  64  includes  an  ejector  ramp  56,  pivoted  about 
66.  The  ejector  ramp  56  includes  two  spaced  fingers  57 
which  are  raised  or  lowered  onto  the  transport  rails  22, 
24.  A  conveyor  system  for  the  ejector  ramp  includes  two  5 
spaced  O-ring  drive  belts  58,  traveling  along  and  around 
idler  rollers  100  to  an  end  idler  roller  102,  at  which  the 
drive  belts  58  initially  pick  up  the  ejected  packages  1  0 
being  pushed  up  the  two  fingers  57  by  drive  lugs  28  on 
the  package  conveyor  26.  The  ejected  packages  are  w 
then  advanced  by  the  O-ring  belts  58  to  a  package  buffer 
area  59  at  which  the  packages  are  accumulated  until  an 
operator  retrieves  them  for  rework. 

While  several  embodiments  and  variations  of  the 
present  invention  for  an  automated  inspection  system  15 
with  a  transport  and  ejector  conveyor  are  described  in 
detail  herein,  it  should  be  apparent  that  the  disclosure 
and  teachings  of  the  present  invention  will  suggest  many 
alternative  designs  to  those  skilled  in  the  art. 

20 
Claims 

1  .  A  transport  and  ej  ector  conveyor  system  for  an  auto- 
mated  inspection  system  comprising: 

25 
a)  an  optical  inspection  station  at  which  pack- 
age  bases,  having  a  product  such  as  a  contact 
lens  therein,  are  optically  inspected  to  verify  that 
a  product  is  present  in  each  package  base; 
b)  a  package  base  conveyor  system  for  convey-  30 
ing  the  package  bases  by  the  optical  inspection 
station;  and 
c)  an  ejector  system,  selectively  switchable 
between  a  first  position  in  which  the  package 
bases  are  passed  on  the  package  base  con-  35 
veyor  system  by  the  ejector  system  and  a  sec- 
ond  position  in  which  the  ejector  system 
transfers  package  bases  that  are  determined  by 
the  optical  inspection  station  not  to  have  a  prod- 
uct  therein  from  the  package  base  conveyor  40 
system  to  the  ejector  system. 

2.  The  conveyor  system  of  claim  1  ,  wherein  said  optical 
inspection  station  includes  an  illumination  fixture 
mounted  on  one  side  of  the  package  base  conveyor  45 
system  and  optical  inspection  means  mounted  on 
the  opposite  side  of  the  package  base  conveyor  sys- 
tem. 

3.  The  conveyor  system  of  claim  1  or  claim  2,  wherein  50 
the  optical  inspection  means  of  said  optical  inspec- 
tion  station  includes  a  plurality  of  video  cameras. 

4.  The  conveyor  system  of  claim  3,  wherein  the  video 
cameras  are  mounted  on  a  support  which  is  inde-  55 
pendently  adjustable  by  separate  x,  y  and  z  adjuster 
mechanisms  for  translation  along  x,  y  and  z  axes  to 
precisely  position  the  video  cameras  relative  to  the 
package  base  conveyor  system. 

5.  The  conveyor  system  of  claim  3  or  claim  4,  wherein 
the  package  bases  comprise  linear  arrays  of  con- 
nected  individual  package  bases,  each  of  which  is 
to  receive  a  product  therein,  and  wherein  each  of 
said  video  cameras  inspects  a  given  number  of  indi- 
vidual  package  bases  less  than  the  number  of  indi- 
vidual  package  bases  in  the  linear  array. 

6.  The  conveyor  system  of  claim  5,  wherein:  each  lin- 
ear  array  of  connected  package  bases  comprises  six 
connected  package  bases;  said  optical  inspection 
station  includes  three  video  cameras  placed  in 
series  along  the  package  base  conveyor  system; 
each  video  camera  optically  examines  an  adjacent 
two  connected  package  bases;  and  the  three  video 
cameras  simultaneously  optically  examine  all  six 
connected  package  bases  in  each  linear  array. 

7.  The  conveyor  system  of  any  one  of  claims  1  to  6, 
wherein  said  package  base  conveyor  system 
includes  an  endless  conveyor  which  travels  in  an 
endless  loop. 

8.  The  conveyor  system  of  any  one  of  claims  1  to  7, 
wherein  the  package  base  conveyor  system 
includes  spaced  rails,  each  of  which  is  preferably 
rounded  along  its  top  edge,  upon  which  the  package 
bases  slide  during  movement  along  the  package 
base  conveyor  system. 

9.  The  conveyor  system  of  claims  7  and  8,  wherein  the 
endless  conveyor  includes  an  endless  drive  belt  hav- 
ing  drive  lugs  periodically  spaced  along  the  drive 
belt,  and  wherein  the  spaced  drive  lugs  drive  the 
package  bases  along  said  spaced  rails. 

10.  The  conveyor  system  of  claim  8  or  claim  9,  wherein 
the  package  bases  define  a  product-receiving  cavity 
and  the  spaced  rails  include  two  spaced  rails  which 
are  positioned  on  opposite  sides  of  the  product- 
receiving  cavity. 

1  1  .  The  conveyor  system  of  claim  1  0,  wherein:  the  pack- 
age  bases  further  define  first  alignment  lugs  at  a  first 
side  of  the  package  base  adjacent  and  slightly 
spaced  from  said  product-receiving  cavity;  a  first  rail 
is  positioned  between  the  first  alignment  lugs  and 
the  product-receiving  cavity;  and  said  package 
bases  further  define  second  alignment  lugs  depend- 
ing  from  a  second  side  of  the  package  base  which 
ride  along  a  second  rail. 

12.  The  conveyor  system  of  any  one  of  claims  1  to  1  1  , 
wherein  the  package  base  conveyor  system  is  peri- 
odically  driven  to  index  and  stop  the  package  bases 
at  periodically  spaced  positions  along  the  package 
base  conveyor  system. 
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13.  The  conveyor  system  of  any  one  of  claims  1  to  12, 
wherein  said  ejector  system  further  comprises  an 
ejection  ramp  which  can  be  raised  or  lowered  onto 
the  package  base  conveyor  system. 

5 
14.  The  conveyor  system  of  claim  13,  wherein  a  pneu- 

matic  cylinder  drives  the  ejection  ramp  between  said 
raised  and  lowered  positions. 

15.  The  conveyor  system  of  claim  13  or  claim  14,  10 
wherein  said  ejector  system  includes  an  endless  belt 
transport  for  transporting  ejected  package  bases  up 
the  ejection  ramp  to  a  buffer  area  on  which  ejected 
package  bases  are  accumulated. 

15 
16.  The  conveyor  system  of  any  one  of  claims  1  to  15, 

wherein  said  package  base  conveyor  system  travels 
in  an  endless  loop  by:  a  package  base  depositing 
station  at  which  package  bases  are  deposited  onto 
the  package  base  conveyor  system;  a  product  20 
depositing  station  at  which  products  are  deposited 
into  each  package  base;  and  said  optical  inspection 
station  at  which  the  package  bases  are  optically 
inspected  to  verify  that  each  package  base  has  a 
product  deposited  therein  and  wherein  said  ejector  25 
system  is  positioned  adjacent  said  package  base 
conveyor  system  after  said  optical  inspection  sta- 
tion. 
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