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0   Apparatus  for  detecting  commercial  variations  in 
transparent  containers  (12)  such  as  glass  bottles  that 
comprises  a  light  source  (14  or  34)  for  directing 
diffused  light  energy  through  a  container  under  in- 
spection.  A  light  sensing  camera  (24)  is  positioned  to 
receive  an  image  of  the  light  source  transmitted 
through  the  container  sidewall.  A  light  control  film 
(20,  36)  is  positioned  adjacent  to  the  light  source 
between  the  light  source  and  the  container,  and 
comprises  a  plurality  of  parallel  slats  (22,  38)  spaced 
from  each  other  so  as  to  limit  the  angle  from  which 

the  image  of  the  light  source  can  be  viewed  at  the 
camera.  Commercial  variations  are  detected  as  a 
function  of  variations  in  light  intensity  received  at  the 
camera.  In  the  preferred  embodiment  of  the  inven- 
tion,  first  (22)  and  second  (38)  arrays  of  spaced 
parallel  slats  are  positioned  adjacent  to  the  light 
source,  with  the  slats  of  the  first  array  being  at  an 
angle  to  the  slats  of  the  second  array  so  as  to 
project  a  moire  fringe  pattern  through  the  container 
onto  the  camera. 
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The  present  invention  is  directed  to  inspection 
of  transparent  containers  for  commercial  variations 
or  defects  that  affect  optical  properties  of  the 
sidewalls  of  the  containers,  and  more  particularly  to 
an  apparatus  and  method  for  enhanced  detection 
of  refractive  variations. 

Background  and  Objects  of  the  Invention 

In  the  manufacture  of  transparent  containers 
such  as  glass  bottles,  various  types  of  checks  or 
defects  may  occur  in  the  sidewalls  of  the  contain- 
ers.  These  checks  or  defects,  termed  "commercial 
variations"  in  the  art,  can  affect  commercial  accept- 
ability  of  the  containers.  The  commercial  variations 
may  be  opaque,  such  as  stones,  or  may  be  refrac- 
tive  such  as  blisters,  bubbles  or  tears. 

It  has  heretofore  been  proposed  to  employ 
electro-optical  inspection  systems  for  detecting 
commercial  variations  that  affect  optical  properties 
of  the  containers.  The  basic  principle  is  that  a  light 
source  is  positioned  on  one  side  of  the  container 
and  a  camera  is  positioned  on  the  other.  The  light 
source  may  be  configured  to  have  an  intensity  that 
varies  across  one  dimension  of  the  source.  Light 
rays  normally  travel  from  the  source  straight 
through  the  container  sidewall  and  are  then  fo- 
cused  onto  the  camera,  and  are  viewed  at  the 
camera  at  a  given  intensity.  However,  a  refractive 
commercial  variation  bends  the  light  ray  as  it  trav- 
els  through  the  container  sidewall,  so  that  the  im- 
age  projected  onto  the  camera  is  of  a  different  area 
of  the  light  source.  If  such  different  area  has  a 
different  intensity  than  the  area  normally  imaged 
onto  the  camera,  the  camera  can  detect  the  refrac- 
tive  sidewall  defect. 

U.  S.  Patent  No.  4,610,542  discloses  one  tech- 
nique  for  varying  the  effective  intensity  of  the  light 
source  across  the  light  source.  An  elongated  fila- 
ment  lamp  is  positioned  along  the  upper  edge  of  a 
diffuser  plate  to  produce  an  intensity  gradient  in 
the  vertical  direction  across  the  light  source.  The 
upper  area  of  the  diffuser  plate  is  brightest,  the 
middle  area  has  average  brightness  and  the  lower 
area  is  darkest.  U.  S.  Patent  No.  4,601,395  dis- 
closes  another  technique  in  which  a  filter  is  placed 
across  the  light  source  diffuser  screen  to  provide 
differing  areas  of  effective  light  source  intensity. 

Although  the  systems  disclosed  in  the  noted 
patents,  both  of  which  are  assigned  to  the  assignee 
hereof,  address  problems  theretofore  extant  in  the 
art,  further  improvements  remain  desirable.  In  par- 
ticular,  it  is  desirable  to  provide  a  larger  area  of 
contrast  associated  with  refractive  commercial  vari- 
ations  so  as  to  enhance  the  probability  of  detecting 
relatively  small  variations  such  as  bird  swings,  en- 
largements  or  mounds  that  surround  small  stones, 
and  settle  waves  that  frequently  occur  in  blow-and- 

blow  glassware  manufacturing  processes.  It  is  a 
general  object  of  the  present  invention  to  provide 
an  inspection  apparatus  and  method  that  accom- 
plish  this  objective.  Another  object  of  the  present 

5  invention  is  to  provide  an  apparatus  and  method  for 
inspecting  transparent  containers  of  the  type  de- 
scribed  above  in  which  the  filter  mechanism  placed 
across  the  light  source  for  creating  the  light  source 
intensity  gradient  is  of  inexpensive  manufacture. 

70 
Summary  of  the  Invention 

Apparatus  for  detecting  commercial  variations 
in  transparent  containers  such  as  glass  bottles  in 

75  accordance  with  a  presently  preferred  embodiment 
of  the  invention  comprises  a  light  source  for  direct- 
ing  diffused  light  energy  through  a  container  under 
inspection.  A  light  sensing  camera  is  positioned  to 
receive  an  image  of  the  light  source  transmitted 

20  through  the  container  sidewall.  A  light  control  film 
is  positioned  adjacent  to  the  light  source  between 
the  light  source  and  the  container,  and  comprises  a 
plurality  of  parallel  slats  spaced  from  each  other  so 
as  to  limit  the  angle  from  which  the  image  of  the 

25  light  source  can  be  viewed  at  the  camera.  Com- 
mercial  variations  are  detected  as  a  function  of 
variations  in  light  intensity  received  at  the  camera. 
In  the  preferred  embodiment  of  the  invention,  first 
and  second  arrays  of  spaced  parallel  slats  are 

30  positioned  adjacent  to  the  light  source,  with  the 
slats  of  the  first  array  being  at  an  angle  to  the  slats 
of  the  second  array  so  as  to  project  a  moire  fringe 
pattern  through  the  container  onto  the  camera. 

In  accordance  with  one  aspect  of  the  invention, 
35  the  camera  is  positioned  opposite  the  light  source 

at  an  orientation  to  view  the  light  source  through 
the  container  on  a  line  of  sight  along  an  axis 
parallel  to  the  slats.  Any  refractive  variation  in  the 
container  sidewall  refracts  or  bends  the  line  of  sight 

40  at  an  angle  to  said  axis.  As  this  angle  increases, 
the  slats  progressively  obstruct  the  light  source, 
until  the  camera  can  no  longer  see  the  light  source 
at  the  critical  viewing  angle  of  the  slats. 

In  accordance  with  another  aspect  of  the  inven- 
45  tion,  a  moire  fringe  pattern  is  projected  onto  the 

container,  and  the  container  sidewall  is  moved  in  a 
direction  or  orthogonal  to  the  pattern,  preferably  by 
rotating  the  container  about  its  central  axis.  In  this 
way,  any  refractive  variations  in  the  container 

50  sidewall  refract  line  of  sight  of  the  camera  from  its 
axis  to  sweep  through  alternating  light  and  dark 
areas  of  the  fringe  pattern.  Refractive  variations 
may  thereby  be  detected  as  a  function  of  such 
varying  light  intensity  incident  on  the  camera. 
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Brief  Description  of  the  Drawings 

The  invention,  together  with  additional  objects, 
features  and  advantages  thereof,  will  be  best  un- 
derstood  from  the  following  description,  the  appen- 
ded  claims  and  the  accompanying  drawings  in 
which: 

FIG.  1  is  an  electro-optical  schematic  diagram 
that  illustrates  one  presently  preferred  embodi- 
ment  of  the  invention; 
FIG.  2  is  an  enlargement  of  a  portion  of  FIG.  1 
that  illustrates  operation  of  the  invention; 
FIG.  3  is  a  graph  that  illustrates  intensity  gra- 
dient  across  the  light  source  as  a  function  of 
viewing  angle  in  the  embodiments  of  FIGS.  1 
and  2; 
FIG.  4  is  a  fragmentary  schematic  diagram  that 
illustrates  effect  of  a  refractive  variation  on  the 
image  received  by  the  camera  in  the  embodi- 
ment  of  FIGS.  1-2; 
FIG.  5  is  a  fragmentary  schematic  diagram  that 
illustrates  a  modified  embodiment  of  the  inven- 
tion;  and 
FIG.  6  is  a  fragmentary  schematic  diagram  that 
illustrates  the  effect  of  a  refractive  variation  on 
the  image  received  by  the  camera  in  the  em- 
bodiment  of  FIG.  5. 

Detailed  Description  of  Preferred  Embodi- 
ments 

FIG.  1  illustrates  apparatus  10  for  inspecting 
transparent  containers  12  for  commercial  variations 
that  affect  the  optical  properties  of  the  container 
sidewalls.  Apparatus  10  includes  a  light  source  14 
in  the  form  of  one  or  more  light  bulbs  16  positioned 
on  one  side  of  a  diffuser  screen  or  plate  18.  A  light 
control  film  20  is  positioned  adjacent  to  diffuser 
screen  18  between  screen  18  and  container  12.  As 
shown  in  the  enlargement  of  FIG.  2,  light  control 
film  20  comprises  a  plurality  of  closely  spaced 
parallel  slats  22  having  an  elongated  dimension 
that  extends  in  the  horizontal  direction  and  a  lateral 
dimension  that  extends  outwardly  from  diffuser 
screen  18.  Slats  22  are  longitudinally  and  laterally 
parallel  with  each  other,  and  are  spaced  from  each 
other  by  uniform  vertical  increments. 

A  camera  24  is  positioned  on  the  opposing 
side  of  container  12,  and  includes  a  lens  26  for 
projecting  an  image  of  light  source  14  transmitted 
through  container  12  onto  a  light  sensing  element 
28  within  the  camera.  In  the  preferred  embodi- 
ments  of  the  invention,  light  sensing  element  28 
takes  the  form  of  a  linear  array  sensor  (FIG.  3) 
having  a  plurality  of  light  sensing  elements  29 
disposed  in  a  vertical  array  parallel  to  and  optically 
aligned  with  the  axis  of  container  12.  An  informa- 
tion  processor  30  is  coupled  to  camera  24  and  to 

container  12  for  scanning  elements  29  of  camera 
array  28  at  increments  of  container  rotation  about 
its  central  axis,  and  thereby  obtaining  a  two-dimen- 
sional  image  of  the  container  sidewall  and  of  light 

5  source  14  as  viewed  through  the  container 
sidewall. 

Operation  of  the  closely  spaced  horizontal  slats 
22  of  light  control  film  20  is  akin  to  operation  of 
Venetian  blinds  disposed  in  horizontal  position  adja- 

io  cent  to  a  building  window.  When  viewing  the  win- 
dow  and  building  exterior  straight  through  the 
blinds,  the  blinds  present  little  obstruction.  How- 
ever,  as  the  viewing  position  or  angle  changes  in 
the  vertical  direction,  the  blinds  effectively  obstruct 

is  the  view  through  the  window.  Thus,  as  shown  in 
FIGS.  2-4,  when  the  camera  line  of  sight  is  straight 
through  the  sidewall  of  container  12  without  ob- 
struction,  or  straight  through  the  center  of  a  blister 
32  illustrated  in  FIG.  2,  the  camera  effectively  sees 

20  diffuser  screen  18  without  alteration  of  light  inten- 
sity.  However,  as  the  camera  line  of  sight  is  effec- 
tively  bent  by  the  refractive  effects  at  the  upper 
(and  lower)  edges  of  blister  32,  the  camera  line  of 
sight  sees  progressively  less  light  through  the  re- 

25  fracting  region.  Eventually  the  viewing  angle  ex- 
ceeds  the  allowable  viewing  angle  of  control  film 
20,  so  that  the  camera  then  essentially  receives  a 
dark  image.  The  more  the  camera's  line  of  sight  is 
deflected,  the  darker  the  refractive  region  appears. 

30  In  other  words,  the  darkness  or  grayness  the  cam- 
era  sees  is  proportional  to  refraction  angle  or  glass 
wedge  at  the  defect.  Thus,  in  FIG.  4,  the  image  of 
blister  32  has  dark  upper  and  lower  edges  due  to 
this  phenomenon.  Information  processor  30  can 

35  detect  these  variation-induced  effects  employing 
the  techniques  disclosed  in  U.  S.  Patent  No. 
4,601  ,395  discussed  above. 

FIG.  3  illustrates  light  intensity  versus  viewing 
angle  from  a  line  31  (FIG.  2)  normal  to  the  light 

40  source.  Transmission  is  essentially  unobstructed 
along  line  of  sight  axis  31  normal  to  the  light 
source,  and  is  progressively  attenuated  linearly  up 
to  the  critical  viewing  angle  of  the  control  film, 
beyond  which  the  control  film  is  effectively  opaque. 

45  In  one  presently  preferred  implementation  of  the 
invention,  the  slats  22  of  screen  20  are  of  lateral 
dimension  and  vertical  spacing  with  respect  to 
each  other  as  to  obtain  a  critical  angle  of  48  °  (plus 
and  minus  24°)  as  shown  in  FIG.  3.  Suitable  light 

50  control  film  of  this  character  may  be  obtained  from 
3M  Corporation,  No.  LCF-P  ABRO  O  OB4B.  This 
film  has  dimensions  a,  b,  c  (FIG.  2)  of  0.001  inch, 
0.005  inch  and  0.020  inch  respectively,  3M  also 
markets  film  having  60  °  and  90  °  cut-off  angles. 

55  The  invention  illustrated  in  FIGS.  1-4  thus  pro- 
vides  enhanced  detection  of  refractive  defects  such 
as  blisters  32,  bird  swings  and  settle  waves.  Small 
stones  are  typically  difficult  to  detect  in  electro- 
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optical  inspection  systems  because  they  appear  as 
a  very  small  dark  spot  against  a  bright  background. 
However,  the  present  invention  provides  enhanced 
detection  of  small  stones  by  enabling  the  camera 
to  detect  the  bulge  or  mound  of  glass  that  typically 
surrounds  a  stone  as  a  refractive  commercial  vari- 
ation. 

FIG.  5  illustrates  a  light  source  34  in  a  modified 
and  presently  preferred  implementation  of  the  in- 
vention.  A  pair  of  essentially  identical  light  control 
films  20,  36  are  placed  over  the  diffuser  plate  18 
between  plate  18  and  container  12  (as  shown  in 
FIG.  1).  The  two  light  films  20,  36  have  slats  22,  38 
at  a  slight  angle  to  each  other  so  as  to  create  a 
vertical  moire  fringe  pattern  at  the  container.  The 
angle  between  slats  22,  38  is  exaggerated  in  FIG.  4 
for  purposes  of  illustration,  and  would  typically  be 
on  the  order  of  2  °  .  The  moire  fringe  pattern  is 
illustrated  in  FIG.  6  as  alternating  light  and  dark 
vertical  bands.  As  a  refractive  defect  passes 
through  the  camera  field  of  view  (FIG.  6),  either  by 
rotating  the  container  or  moving  the  container  hori- 
zontally  past  the  camera,  the  camera  line  of  sight 
is  bent  horizontally  by  the  refractive  defect  so  as  to 
sweep  the  vertical  fringe  pattern,  thereby  creating  a 
series  of  high  and  low  intensity  signals  at  the 
camera.  Such  alternating  signals  may  be  readily 
detected  at  camera  24  and  information  processor 
30  in  the  manner  described  in  U.  S.  Patent  No. 
4,601,395  discussed  above.  In  addition  to  produc- 
ing  the  moire  fringe  pattern,  the  two  control  film 
layers  further  restrict  the  emission  angles  of  light 
from  the  diffuse  light  source  in  the  vertical  direc- 
tion.  This  increases  sensitivity  of  the  method  to 
defects  that  might  refract  the  camera  line  of  sight 
by  similar  angles. 

Claims 

1.  A  method  of  inspecting  transparent  containers 
(12)  for  refractive  variations  in  the  sidewalls 
thereof,  comprising  the  steps  of: 

(a)  directing  a  source  (14  or  34)  of  illumina- 
tion  onto  the  container  through  a  plurality  of 
closely  spaced  parallel  slats  (22,38), 
(b)  positioning  a  camera  (24)  on  a  side  of 
container  opposite  to  said  source  at  an  ori- 
entation  to  view  said  source  through  the 
container  along  an  axis  parallel  to  said  slats 
such  that  any  refractive  variations  in  the 
sidewall  of  the  container  refract  line  of  sight 
of  said  camera  to  an  angle  to  said  axis,  and 
(c)  detecting  commercial  variations  in  the 
sidewall  of  the  container  as  a  function  of 
intensity  of  light  energy  incident  on  said 
camera  from  said  source  through  said  slats. 

2.  The  method  set  forth  in  claim  1  wherein  said 
step  (a)  comprises  the  step  of  projecting  a 
moire  fringe  pattern  onto  the  container. 

5  3.  The  method  set  forth  in  claim  1  or  2  comprises 
the  additional  step  of:  (d)  moving  the  container 
sidewall  relative  to  said  axis  in  a  direction 
perpendicular  to  said  axis. 

io  4.  The  method  set  forth  in  claim  3  wherein  said 
step  (d)  comprises  the  step  of  rotating  the 
container. 

5.  The  method  set  forth  in  claim  3  wherein  said 
is  step  (d)  comprises  the  step  of  moving  the 

container  sidewall  in  a  direction  parallel  to  said 
slats. 

6.  Apparatus  for  detecting  commercial  variations 
20  in  transparent  containers  (12)  in  accordance 

with  the  method  of  claim  1  comprising: 
a  light  source  (14  or  34)  for  directing  dif- 

fused  illumination  through  a  container  under 
inspection, 

25  a  camera  (24)  positioned  to  receive  an 
image  of  said  light  source  transmitted  through 
the  container, 

means  (20,  36)  positioned  adjacent  to  said 
light  source  between  said  light  source  and  the 

30  container  comprising  a  plurality  of  parallel  slats 
(22,  38)  spaced  from  each  other  so  as  to  limit 
the  angle  from  which  the  image  of  said  light 
source  can  be  viewed  at  said  light  sensing 
means,  and 

35  means  (30)  for  detecting  commercial  vari- 
ations  in  the  container  as  a  function  of  vari- 
ations  of  light  intensity  received  at  said  sens- 
ing  means. 

40  7.  The  apparatus  set  forth  in  claim  6  wherein  said 
means  (20,  36)  positioned  adjacent  to  said 
light  source  comprises  first  (22)  and  second 
(38)  arrays  of  said  spaced  parallel  slats,  slats 
of  said  first  array  being  at  an  angle  to  slats  of 

45  said  second  array  so  as  to  project  a  moire 
fringe  pattern  through  the  container  onto  said 
sensing  means. 

8.  The  apparatus  set  forth  in  claim  6  or  7  wherein 
50  said  slats  (20)  have  a  longitudinal  dimension  at 

horizontal  orientation. 

9.  The  apparatus  set  forth  in  claim  6  or  7  wherein 
said  slats  (20,  36)  have  a  lateral  dimension 

55  between  said  light  source  and  said  camera  that 
is  coordinated  with  spacing  between  said  slats 
to  limit  said  angle  to  48°  . 

4 
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10.  The  apparatus  set  forth  in  any  preceeding 
claim  6-9  wherein  said  light  source  (14  or  34) 
includes  a  diffuser  (18)  on  a  side  of  said  slats 
remote  from  the  container. 
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