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Description 

It  is  a  characteristic  of  woven  fabrics  that  the 
two  sides  of  a  given  fabric  frequently,  if  not  invari- 
ably,  differ  from  each  other  in  texture,  dominance 
of  thread  direction  and  appearance.  This  is  espe- 
cially  true  of  fabrics  made  of  natural  materials  such 
as  cotton,  wool  and  linen.  In  sewing  separate 
pieces  of  fabric  together  to  form  a  garment,  it  is 
normally  desirable  and  expected  by  consumers 
that  the  outer  side  of  the  finished  garment  have  a 
substantially  uniform  appearance  and  texture,  ex- 
cept  for  colour  and  other  intentional  variations  in 
decoration  of  the  garment. 

Typically,  garment  makers  utilise  the  smoother 
and  more  "finished"  fabric  side  to  form  the  outer 
portion  of  garments  while  the  somewhat  rougher 
and  sometimes  slightly  "fuzzy"  side  is  used  for  the 
inner  portion.  Sometimes,  for  special  effects,  a 
garment  maker  may  intentionally  reverse  the  above 
norm  in  producing  particular  garments.  In  either 
case,  the  garment  maker  will  usually  want  to  sew 
together  the  individual  pieces  of  fabric  in  such  a 
manner  that  all  the  fabric  in  the  finished  garment  is 
consistently  oriented  so  that  each  side  will  have 
consistent  texture,  dominance  of  thread  direction 
and  appearance. 

When  garments  are  manually  sewed,  it  is  usu- 
ally  not  difficult  for  the  human  sewer  to  distinguish 
the  different  sides  of  separate  pieces  of  fabrics  so 
as  to  sew  them  together  correctly,  like  side  to  like 
side.  However,  in  mechanized  and  automated  gar- 
ment  manufacture,  it  has  been  a  difficult  technical 
problem  as  to  how  to  insure  that  like  sides  are 
sewn  together  consistently. 

If  wrong  sides  are  inadvertently  sewn  together, 
the  expense  of  undoing  the  incorrect  sewing  and 
resewing  the  fabric  pieces  correctly  is  usually  pro- 
hibitively  expensive,  especially  for  relatively  low- 
priced  goods  such  as  T-shirts.  Consequently,  in- 
correctly  sewed  garments  are  usually  wasted.  The 
waste  and  the  cost  burden  on  the  overall  manufac- 
turing  operation  can  be  substantial  when  entire 
stacks  of  fabric  pieces  are  sewed  together  incor- 
rectly. 

In  the  manufacturing  process,  fabric  pieces  are 
normally  fed  sequentially  from  different  stacking 
points  to  a  central  location  where  two  or  more 
pieces  of  fabric  are  sewed  together.  Obviously,  one 
of  the  standard  means  for  attempting  to  guard 
against  incorrect  sides  being  sewed  together  is  to 
stack  the  fabric  pieces  correctly  and  consistently  at 
the  respective  stacking  points,  before  they  are  se- 
quentially  fed  together  for  sewing.  However,  it  is 
nearly  impossible  to  prevent  such  mis-sewing  by 
proper  stacking,  for  several  reasons.  It  is  not  fea- 
sible  in  a  high  volume,  automated  garment  manu- 
facturing  operation  to  visually  inspect  each  fabric 

piece  in  a  stack  to  insure  that  it  is  correctly  ori- 
ented  with  respect  to  side.  Furthermore,  human 
stacking  errors  and  human  inspection  errors  must 
be  anticipated  in  any  event. 

5  Farbe  und  Lack,  70  (1964)  p.693-702  discloses 
an  apparatus  in  which  light  is  directed  onto  and 
reflected  from  a  material  surface  and  is  then  de- 
tected  by  a  photo-detector,  the  detected  light  vary- 
ing  in  amplitude  depending  upon  the  orientation  of 

io  the  woven  fibres  in  a  sample  fabric. 
Textil  Praxis,  21  (1966)  p.512-516  is  concerned 

with  the  measurement  of  the  lustre  of  a  fabric.  This 
document  is  concerned  with  the  orientation  of  the 
fibres  of  a  fabric  and  discloses  the  concept  of 

75  taking  two  measurements,  one  in  the  direction  of 
warp  and  one  in  the  direction  of  weft  of  the  fabric. 

AT-A-298124  discloses  a  system  in  which  light 
is  either  shone  through  a  fabric  onto  one  or  more 
sensors  which  are  situated  on  the  other  side  or 

20  reflected  off  the  fabric.  In  this  instance  the  light 
shone  is  in  a  particular  format,  as  for  example 
produced  by  a  cathode  ray  tube,  and  a  signal 
produced  by  a  sensor  is  then  used  to  give  informa- 
tion  relating  to  faults  in  the  fabric  and  also  to  the 

25  dimensions  of  the  fabric. 
DE-A-1  460567  discloses  a  device  for  monitor- 

ing  the  orientation  of  a  moving  web  of  fabric,  this 
comprising  a  light  source  and  two  sensors  which 
sense  the  light  reflecting  from  the  fabric  and,  using 

30  a  bridge,  produces  a  signal  which  represents  the 
skew  of  the  fabric. 

However,  no  reliable  method  has  heretofore 
been  found,  for  high  speed  inspection  of  fabric 
sides  in  a  garment  manufacturing  operation  which 

35  will  enable  the  manufacturer  to  take  corrective  ac- 
tion  before  fabric  pieces  are  incorrectly  sewed  to- 
gether. 

According  to  the  present  invention,  there  is 
provided  a  method  of  ensuring  that  all  of  a  plurality 

40  of  pieces  of  woven  fabric  are  disposed  the  same 
way  up,  said  method  comprising  the  following 
steps:- 

(a)  situating  one  or  more  light  sources  so  as  to 
project  the  light  beams  at  oblique  angles  to  the 

45  said  fabric  in  a  first  position; 
(b)  with  respect  to  each  such  light  source,  situat- 
ing  at  least  one  sensor  capable  of  measuring 
the  intensity  of  said  light  beam  as  reflected  off 
said  fabric  from  said  corresponding  light  source; 

50  (c)  measuring  the  intensity  of  the  reflected  light 
and  comparing  said  intensity  with  predetermined 
calibrations  resulting  from  prior  said  measure- 
ments  of  the  intensities  of  reflections  of  said 
light  beams  on  the  respective  sides  of  similar 

55  fabric;  and 
(d)  passing  said  fabric  to  a  second  position  or 
flipping  it  to  the  opposite  side  and  passing  it  to 
a  second  position,  depending  on  the  comparison 

2 
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made  in  (c)  above  which  indicates  the  side 
orientation  of  said  fabric. 
The  present  invention  makes  use  of  the  fact 

that  directional  patterns  of  threads  predominate  in 
fabrics,  which  patterns  are  different,  depending  on 
the  fabric  side.  On  one  side  the  thread  patterns  will 
predominate  in  one  direction,  while  on  the  reverse 
side  the  predominant  thread  patterns  will  run  at  a 
90  °  angle  thereto.  When  fabric  lies  in  a  plane  and 
light  is  transmitted  to  the  fabric  surface  at  an 
oblique  angle  to  the  surface,  greater  or  lesser 
amounts  of  light  will  be  reflected  back  toward  the 
emitting  source,  depending  upon  which  side  of  the 
fabric  has  been  "hit"  by  the  transmitted  light.  Be- 
cause  the  same  side  of  the  fabric  will  produce 
substantially  the  same  intensities  of  reflected  light 
for  a  given  set  of  conditions  (within  a  reasonable 
range)  and  because  the  opposite  side  of  the  fabric 
will  produce  a  distinguishable  range  of  intensities 
of  reflected  light  for  a  given  set  of  conditions,  it  is 
possible  to  calibrate  one  or  more  sensors  which 
measure  the  intensities  of  reflected  light  so  as  to 
distinguish  the  different  sides  in  various  ways, 
some  of  which  will  be  described  below. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  schematic  drawing  showing  domi- 
nant  thread  patterns  of  one  side  of  a  fabric  piece, 
which  for  convenience  is  designated  herein  as  the 
"face"  side. 

Fig.  2  is  a  schematic  drawing  showing  domi- 
nant  thread  patterns  of  the  reverse  of  the  "face" 
side  of  the  fabric  price,  which  for  convenience  is 
designated  herein  as  the  "back"  side. 

Fig.  3  is  a  schematic  drawing  showing  a  light 
source  transmitting  light  to  the  face  side  of  fabric, 
at  an  oblique  angle  relative  to  the  surface  of  the 
face  side  of  the  fabric,  with  a  light  sensor  located  in 
general  proximity  to  the  light  source  so  as  to 
measure  the  intensity  of  the  light  reflected  off  the 
face  of  the  fabric. 

Fig.  4  is  a  schematic  drawing  showing  a  light 
source  transmitting  light  to  the  back  side  of  fabric 
at  an  oblique  angle  relative  to  the  surface  of  the 
back  side  of  the  fabric,  with  a  light  sensor  located 
in  general  proximity  to  the  light  source  so  as  to 
measure  the  intensity  of  the  light  reflected  off  the 
back  side  of  the  fabric. 

Fig.  5  is  a  schematic  drawing  similar  to  Fig.  3, 
except  that  there  has  been  added  an  additional 
sensor  opposite  the  light  source  and  first  sensor. 

Fig.  6  is  a  schematic  drawing  similar  to  Fig.  4, 
except  that  there  has  been  added  an  additional 
sensor  opposite  the  light  source  and  first  sensor. 

Fig.  7  is  a  schematic  drawing  showing  a  light 
source  transmitting  light  obliquely  relative  to  the 
surface  of  the  fabric  and  at  a  45  °  angle  relative  to 

the  directional  run  of  the  dominant  thread  pattern 
on  the  face  of  the  fabric,  and  with  two  sensors 
located  opposite  each  other  on  a  line  perpendicular 
to  the  direction  of  light  transmitted. 

5  Fig.  8  is  a  schematic  diagram  similar  to  Fig.  7 
except  the  light  source  is  directed  at  the  back  of 
the  fabric. 

Fig.  9  is  a  schematic  diagram  showing  the  use 
of  a  comparator  which  receives  reading  from  the 

io  sensors,  makes  appropriate  comparisons  and  then 
transmits  a  signal  to  a  programmable  controller 
which  analyzes  the  input,  and  controls  devices  for 
passing  or  flipping  the  fabric. 

75  DETAILED  DESCRIPTION  OF  THE  DRAWINGS 

In  Fig.  1,  there  is  shown  a  schematic  diagram 
of  a  fabric  piece  1,  in  this  case  a  T-shirt  sleeve, 
face  side  up.  There  is  shown  on  the  face  of  fabric 

20  piece  1  an  exaggerated  illustration  of  the  dominant 
thread  lines  2  running  vertically  on  the  drawing. 

In  Fig.  2,  there  is  shown  a  schematic  diagram 
of  the  back  side  of  the  same  fabric  piece  1  .  There 
is  shown  on  the  back  of  fabric  piece  1  an  exag- 

25  gerated  illustration  of  the  dominant  thread  lines  3 
running  horizontally  on  the  drawing. 

Fig.  3  shows  a  segment  of  the  face  side  of 
fabric  piece  1  ,  showing  a  light  source  4  transmitting 
light  rays  6  at  an  oblique  angle  onto  the  surface  of 

30  the  face  side  of  the  fabric  piece  land  perpendicu- 
larly  to  the  exaggerated  illustration  of  the  dominant 
thread  lines  2.  There  is  also  shown  a  sensor  5 
located  in  general  proximity  to  light  source  4  and 
on  the  same  side  of  the  segment  of  the  fabric 

35  piece  1  as  light  source  4.  When  light  rays  6  are 
emitted  from  light  source  4,  some  of  the  rays  7  are 
reflected  back  to  the  sensor  5  which  can  measure 
the  intensity  of  the  reflected  rays  7.  The  intensity 
of  the  reflected  light  rays  7  can  thus  be  compared 

40  with  the  known  intensity  of  light  rays  6  which  were 
emitted  initially.  The  intensity  of  light  rays  6  will 
vary,  depending  upon  the  particular  oblique  angle 
used  for  transmitting  light  to  the  face  surface  of 
fabric  piece  1  and  depending  upon  the  type  of 

45  fabric.  However,  for  a  given  type  of  fabric  and  a 
given  oblique  angle,  it  will  be  possible  to  determine 
a  reasonably  narrow  range  of  intensities  of  re- 
flected  light  rays  7  which  can  be  expected  to  result 
from  transmitting  light  rays  6  to  the  face  side  of  the 

50  fabric  and  reflecting  some  of  the  light  rays  7  back 
to  the  sensor  5. 

Fig.  4  shows  a  segment  of  the  back  side  of 
fabric  piece  1  ,  showing  a  light  source  4  transmitting 
light  rays  6  at  an  oblique  angle  onto  the  surface  of 

55  the  back  and  parallel  to  the  exaggerated  illustration 
of  the  dominant  thread  lines  3.  There  is  also  shown 
a  sensor  5  located  in  general  proximity  to  light 
source  4  and  on  the  same  side  of  the  segment  of 
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fabric  piece  1  as  light  source  4.  When  light  rays  6 
are  emitted  from  light  source  4,  some  of  the  rays  7 
are  reflected  back  to  the  sensor  5  which  can  mea- 
sure  the  intensity  of  the  reflected  light  rays  7.  The 
intensity  of  the  reflected  light  rays  7  can  thus  be 
compared  with  the  known  intensity  of  light  rays  6 
which  were  emitted  initially.  The  intensity  of  light 
rays  7  will  vary,  depending  upon  the  particular 
oblique  angle  used  for  transmitting  light  to  the  back 
surface  of  fabric  piece  1  and  depending  upon  the 
type  of  fabric.  However,  for  a  given  type  of  fabric 
and  a  given  oblique  angle,  it  will  be  possible  to 
determine  a  reasonably  narrow  range  of  intensities 
of  reflected  light  rays  7  which  can  be  expected  to 
result  from  transmitting  light  rays  6  to  the  back 
side  of  the  fabric  and  reflecting  some  of  the  light 
rays  7  back  to  the  sensor  5. 

Very  significantly,  it  is  found  that,  under  other- 
wise  constant  conditions,  the  intensity  of  reflected 
light  rays  7  from  the  back  side  of  the  segment  of 
fabric  piece  1  as  shown  in  Fig.  4  is  always  sub- 
stantially  less  than  the  intensity  of  reflected  light 
rays  7  from  the  face  side  of  the  segment  of  fabric 
piece  1  as  shown  in  Fig.  3.  It  is  this  basic  principle 
which  enables  one  to  inspect  and  distinguish  face 
and  back  sides  of  fabric  pieces  by  means  of  light 
sources  and  sensors  and,  having  distinguished  the 
sides,  to  provide  the  necessary  computerized  out- 
put  to  activate  a  device  for  flipping  or  passing  the 
fabric  pieces  so  as  to  insure  that  all  fabric  pieces 
reaching  a  central  sewing  location  have  the  same 
side  orientation,  or  otherwise  effectuate  uniformity 
of  side  orientation  for  fabric  pieces. 

Fig.  5  is  similar  to  Fig.  3,  except  that  in  Fig.  5 
there  has  been  added  a  second  sensor  8  on  a  side 
of  the  segment  of  fabric  piece  1  opposite  light 
source  4  and  first  sensor  5.  Under  this  configura- 
tion,  there  of  course  continue  to  be  light  rays  7 
reflected  back  to  sensor  5.  However,  there  are  also 
light  rays  9  which  reflect  off  the  surface  of  the  face 
side  of  fabric  piece  1  to  the  second  sensor  8.  The 
intensity  of  the  light  rays  9  can  be  measured  by 
sensor  8  and  compared  with  the  known  intensity  of 
light  rays  6  which  were  emitted  initially.  The  inten- 
sity  of  light  rays  9  will  vary,  depending  upon  the 
particular  oblique  angle  used  for  transmitting  light 
to  the  face  surface  of  fabric  piece  1  and  depending 
upon  the  type  of  fabric.  However,  for  a  given  type 
of  fabric  and  a  given  oblique  angle,  it  will  be 
possible  to  determine  a  reasonably  narrow  range  of 
intensities  of  reflected  light  rays  9  which  can  be 
expected  to  result  from  transmitting  light  rays  6  to 
the  face  side  of  the  fabrics  and  then  reflecting 
some  of  the  light  rays  9  to  second  sensor  8.  Very 
significantly,  it  is  found  that  under  otherwise  con- 
stant  conditions,  the  intensity  of  reflected  light  rays 
9  as  measured  on  sensor  8  is  always  substantially 
less  than  the  intensity  of  reflected  light  rays  7  as 

measured  by  sensor  5.  By  arranging  two  sensors  5 
and  8,  as  shown  in  Fig.  5,  it  is  possible  to  have  a 
double  check  on  whether  the  fabric  being  inspect- 
ed  is  face  side  up  or  back  side  up.  This  double 

5  check  improves  reliability  of  the  process  of  inspect- 
ing  and  distinguishing  fabric  sides,  by  minimizing 
errors  due  to  a  malfunctioning  sensor.  Obviously, 
even  more  sensors  could  be  used,  if  desired. 

Fig.  6  is  similar  to  Fig.  4,  except  that  in  Fig.  6 
io  there  has  been  added  a  second  sensor  8  on  a  side 

of  the  segment  of  fabric  piece  1  opposite  light 
source  4  and  first  sensor  5.  Under  this  configura- 
tion,  there  of  course  continue  to  be  light  rays  7 
reflected  back  to  sensor  5.  However,  there  are  also 

is  light  rays  10  which  reflect  off  the  surface  of  the 
back  side  of  fabric  piece  1  to  the  second  sensor  8. 
The  intensity  of  the  reflected  light  rays  10  can  be 
measured  by  sensor  8  and  compared  with  the 
known  intensity  of  light  rays  6  which  were  emitted 

20  initially.  The  intensity  of  light  rays  10  will  vary, 
depending  upon  the  particular  oblique  angle  used 
for  transmitting  light  to  the  back  surface  of  fabric 
piece  1  and  depending  upon  the  type  of  fabric. 
However,  for  a  given  type  of  fabric  and  a  given 

25  oblique  angle,  it  will  be  possible  to  determine  a 
reasonably  narrow  range  of  intensities  of  reflected 
light  rays  10  which  can  be  expected  to  result  from 
transmitting  light  rays  6  to  the  back  side  of  the 
fabric  and  then  reflecting  some  of  the  light  rays  10 

30  to  second  sensor  8.  Very  significantly,  it  is  found 
that,  under  otherwise  constant  conditions,  the  inten- 
sity  of  reflected  light  rays  10  as  measured  on 
sensor  8  is  always  substantially  greater  than  the 
intensity  of  reflected  light  rays  7  as  measured  by 

35  sensor  5.  This  is  precisely  opposite  the  result  ob- 
tained  under  the  same  conditions  for  the  face  side 
of  the  fabric  where,  as  noted  above  in  the  discus- 
sion  of  Fig.  5,  sensor  5  measures  a  greater  inten- 
sity  of  reflected  light  than  sensor  8.  By  arranging 

40  two  sensors  5  and  8,  as  shown  in  Fig.  6,  it  is 
possible  to  have  a  double  check  on  whether  the 
fabric  being  inspected  is  face  side  up  or  back  side 
up.  This  double  check  improves  reliability  of  the 
process  of  inspecting  and  distinguishing  fabric 

45  sides,  by  minimizing  errors  due  to  a  malfunctioning 
sensor.  Obviously,  even  more  sensors  could  be 
used,  if  desired. 

Fig.  7  shows  light  source  4  transmitting  light 
obliquely  to  the  surface  of  the  face  side  of  a 

50  segment  of  fabric  piece  1  but  at  an  approximately 
45°  (or  135°)  angle  to  the  directional  run  of  the 
dominant  thread  patterns  on  the  face  of  the  fabric 
piece  1  .  The  sensors  5  and  8  have  been  placed  so 
as  to  face  each  other  on  opposite  sides  of  the  said 

55  fabric  segment  on  a  line  that  is  perpendicular  to 
the  direction  of  transmission  of  light  rays  6  from 
light  source  4.  Certain  light  rays  11  are  reflected 
toward  sensor  5  (on  the  same  side  of  the  said 

4 
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fabric  segment  as  light  source  4)  and  certain  light 
rays  12  are  reflected  toward  sensor  8.  The  intensity 
of  the  reflected  light  rays  11  and  12  can  be  mea- 
sured  by  sensors  5  and  8,  respectively,  and  can  be 
compared  with  the  known  intensity  of  light  rays  6 
which  were  emitted  initially.  The  intensities  of  the 
light  rays  11  and  12  as  measured  by  the  respective 
sensors  will  vary,  depending  upon  the  particular 
oblique  angle  used  for  transmitting  light  to  the  face 
surface  of  fabric  piece  1  and  depending  upon  the 
type  of  fabric.  However,  for  a  given  type  of  fabric 
and  a  given  oblique  angle,  it  will  be  possible  to 
determine  reasonably  narrow  respective  ranges  of 
intensities  of  reflected  light  rays  11  and  12.  Very 
significantly,  sensor  5  will  always  measure  a  sub- 
stantially  higher  intensity  for  light  rays  11  than 
sensor  8  will  measure  for  light  rays  12.  Indeed, 
sensor  5  will  register  higher  intensities  than  sensor 
8  if  fabric  segment  1  is  rotated  in  its  plane  in  any 
direction  up  to  but  less  than  45  °  .  Thus,  the  dif- 
ferential  in  measured  intensities  between  sensors  5 
and  8  provides  a  reliable  means  of  distinguishing 
the  face  and  back  sides  of  fabrics  for  a  wide  range 
of  angles  less  than  90  °  .  Of  course,  by  relying  on 
calibrations  under  specific  conditions,  it  would  be 
possible  to  distinguish  between  face  and  back 
sides  of  fabrics  by  using  only  one  sensor,  5  or  8. 
However,  reliability  is  improved  by  use  of  two  or 
more  sensors.  Clearly,  the  sensors  do  not  nec- 
essarily  have  to  be  pointed  at  a  90°  angle  to  the 
direction  of  transmission  of  light  rays  from  light 
source  4.  Changing  the  angular  direction  of  the 
sensors  relative  to  the  path  of  transmission  of  light 
rays  from  light  source  4  would  change  the  inten- 
sities  measured,  but  it  would  still  be  possible  to 
calibrate  the  sensors  so  that  under  other  constant 
conditions  face  sides  of  fabrics  could  be  distin- 
guished  from  back  sides. 

Fig.  8  is  the  same  as  Fig.  7  except  that  the 
back  side  of  the  segment  of  fabric  piece  1  is  the 
surface  to  which  light  rays  6  are  transmitted  and 
from  which  light  rays  11  and  12  are  reflected 
respectively  to  sensors  5  and  8.  It  will  be  seen  that 
in  Fig.  8  the  directional  run  of  the  dominant  thread 
patterns  is  horizontal  (as  shown),  which  is  90° 
different  from  Fig.  7.  As  a  consequence,  the  results 
here  are  reversed.  It  is  sensor  8  measuring  light 
rays  12  which  shows  the  higher  intensities  and 
sensor  5  measuring  light  rays  11  which  shows 
lower  intensities.  All  observations  made  with  re- 
spect  to  Fig.  7  apply  also  to  Fig.  8  but  with  the 
conclusions  reversed  as  to  light  rays  11  and  12 
and  sensors  5  and  8. 

As  used  in  the  specification  and  claims  herein, 
the  word  "light"  means  any  electromagnetic  wave 
with  wave  lengths  in  the  range  of  infrared,  visible, 
ultraviolet,  and  x-ray  spectra.  However,  when  the 
method  herein  discussed  is  used  in  a  commercial 

manufacturing  facility,  it  is  found  that  modulated 
infrared  light  is  most  practical  because  there  are 
generally  too  many  light  sources  and  too  much 
light  in  the  visible  spectrum  and  at  certain  other 

5  wavelengths  to  isolate  the  light  emitted  from  light 
source  4  so  that  reflections  thereof  can  be  ac- 
curately  measured  without  also  measuring  light  re- 
flected  from  extraneous  sources.  The  sensors  are 
designed  or  set  in  such  manner  as  to  disregard  all 

io  non-modulated  light,  which  includes  the  ambient 
light  in  the  area. 

Furthermore,  while  the  light  rays  6  can  be 
transmitted  to  the  surface  of  fabric  pieces  at  any 
oblique  angle,  it  is  found  that  angles  of  30  °  to  60  ° 

is  work  best.  At  angles  approaching  0  °  ,  minor  wrin- 
kles  in  the  fabric  piece  and  other  distorting  influ- 
ences  may  affect  the  accuracy  and  reliability  of 
readings.  The  same  is  true  as  angles  approach 
90°. 

20  In  general,  it  is  found  that  wrinkles,  rumples 
and  other  non-planar  configurations  of  the  fabric 
being  inspected  do  affect  the  reliability  and  accu- 
racy  of  the  method  set  forth  herein,  when  single, 
isolated  readings  are  taken.  However,  the  possibil- 

25  ity  of  error  is  reduced  as  increasingly  larger  num- 
bers  of  readings  are  taken  at  different  places  on 
the  surface  of  the  fabric  and  the  predominance  of 
readings  is  used  as  the  determiner  of  fabric  side.  A 
comparator  or  computer  or  similar  electronic  de- 

30  vice  can  be  used  to  analyze  such  multiple  readings 
and  ascertain  predominance  from  among  such  mul- 
tiple  readings.  It  is  found  that  a  high  degree  of 
reliability  is  obtained  when  50  or  more  readings  are 
taken  at  different  points  on  a  piece  of  fabric.  Such 

35  readings  can  be  rapidly  done,  nearly  instanta- 
neously  or  in  any  event  within  the  few  seconds  that 
a  piece  of  fabric  may  be  passing  in  the  vicinity  of 
the  light  source  and  sensor.  Similarly,  such  read- 
ings  can  be  very  rapidly  analyzed  and  compared 

40  by  the  equipment  being  used  for  that  purpose. 
When  the  predominant  reading  is  selected  by  such 
equipment,  the  side  determination  is  thereby  made 
and  the  corresponding  output  signal  is  sent  to 
activate  the  mechanism  for  passing  or  flipping  the 

45  fabric,  or  an  audible  or  visible  fabric  side  indicator 
is  activated  so  as  to  alert  a  human  operator  as  to 
the  side  facing  up,  so  that  such  operator  can  man- 
ually  flip  (or  by  inaction  pass)  the  piece  of  fabric  to 
the  next  position. 

50  An  analog  photo-electric  eye  can  be  used  as 
an  appropriate  sensor,  and  a  photo-electric  trans- 
mitter  can  be  used  as  a  light  source. 

Obviously,  there  are  many  other  ways  that  cali- 
brations  or  comparative  light  intensity  readings  can 

55  be  used  to  distinguish  the  face  side  and  the  back 
side  of  a  fabric  piece  using  the  method  herein 
described  and  claimed,  and  those  which  are  spe- 
cifically  discussed  herein  are  only  particular  exam- 

5 
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pies  used  by  way  of  illustration.  Another  example, 
not  discussed  in  detail,  would  be  comparing  tight 
intensity  readings  from  both  sides  of  the  fabric 
piece,  through  open  spaces  in  the  conveying  sys- 
tem  designed  to  facilitate  light  intensity  measure- 
ments  taken  from  the  under  side  of  the  fabric 
piece,  as  well  as  the  top  side. 

Fig.  9  is  a  schematic  diagram  in  which  one  or 
more  sensors  5  and  8  are  connected  to  give  out- 
puts  to  a  comparator  13,  based  upon  the  measure- 
ments  of  reflected  light  intensities  they  have  made. 
The  comparator  has  adjustable  thresholds  which 
can  be  set  manually  through  adjustment  module  16 
(based  on  calibrations  theretofore  made  from  sam- 
ples  of  fabric  pieces  to  be  inspected,  and  at  spe- 
cific  angles  to  be  used  for  transmitting  light  from  a 
light  source  to  the  fabric  surface).  After  the  adjust- 
able  thresholds  have  been  properly  set,  the  com- 
parator  13  will  analyze  the  light  intensity  readings 
received  by  it  from  sensors  5  and/or  8  and  will  give 
one  kind  of  output  signal  if  the  face  side  threshold 
criteria  are  satisfied  and  a  different  output  signal  if 
the  back  side  threshold  criteria  are  satisfied.  The 
output  signal  from  comparator  13  then  goes  to  a 
programmable  controller  14  which  has  theretofore 
been  programmed  to  recognize  and  discriminate 
between  the  possible  output  signals  from  compara- 
tor  13.  The  programmable  controller  14  then  col- 
lates  the  output  signals  from  computer  13  with 
other  data  input  15  it  is  receiving  concerning  the 
speed  of  the  conveyor  belt,  the  location  on  the  belt 
of  the  fabric  piece  being  inspected,  and  similar 
data,  and  will  at  the  proper  moment  give  an  output 
signal  of  its  own  to  activate  a  device  to  flip  the 
fabric  piece  or  allow  the  fabric  piece  to  pass  down 
the  conveyor  belt  (if  the  fabric  piece  is  already 
correctly  oriented  relative  to  its  side). 

While  the  use  of  an  automatic  system,  such  as 
that  described  in  general  terms  above,  is  obviously 
desirable  in  a  modern  commercial  manufacturing 
facility  handling  large  quantities  of  fabric  pieces,  it 
is  clearly  not  essential.  The  flipping  could  be  done 
manually  by  a  human  being  who  is  situated  along 
an  assembly  line  and  who  reacts  to  an  audible  or 
visible  signal  from  a  comparator  (or  even  from 
another  person  reading  the  light  intensity  measure- 
ments  directly  off  the  sensors)  to  either  flip  a  fabric 
piece  or  let  it  pass  down  the  assembly  line. 

Claims 

1.  A  method  of  ensuring  that  all  of  a  plurality  of 
pieces  of  woven  fabric  are  disposed  the  same 
way  up,  said  method  comprising  the  following 
steps:- 

(a)  situating  one  or  more  light  sources  so  as 
to  project  the  light  beams  at  oblique  angles 
to  the  said  fabric  in  a  first  position; 

(b)  with  respect  to  each  such  light  source, 
situating  at  least  one  sensor  capable  of 
measuring  the  intensity  of  said  light  beam 
as  reflected  off  said  fabric  from  said  cor- 

5  responding  light  source; 
(c)  measuring  the  intensity  of  the  reflected 
light  and  comparing  said  intensity  with  pre- 
determined  calibrations  resulting  from  prior 
said  measurements  of  the  intensities  of  re- 

io  flections  of  said  light  beams  on  the  respec- 
tive  sides  of  similar  fabric;  and 
(d)  passing  said  fabric  to  a  second  position 
or  flipping  it  to  the  opposite  side  and  pass- 
ing  it  to  a  second  position,  depending  on 

is  the  comparison  made  in  (c)  above  which 
indicates  the  side  orientation  of  said  fabric. 

2.  A  method  according  to  claim  1,  wherein  the 
light  projected  from  said  light  source  in  in- 

20  frared. 

3.  A  method  according  to  claim  1  or  2,  wherein 
said  sensor  is  a  photoelectric  receiver  capable 
of  measuring  intensities  of  reflected  light. 

25 
4.  A  method  according  to  any  preceding  claim, 

wherein  the  intensity  of  reflected  light  is  com- 
pared  with  predetermined  calibrations  by 
means  of  an  electronic  differential  amplifier. 

30 
5.  A  method  according  to  claim  4,  wherein  mul- 

tiple  comparisons  of  reflected  light  intensities 
are  made  at  different  points  on  one  or  both 
surfaces  of  said  fabric  to  reduce  the  possibility 

35  of  error. 

6.  A  method  according  to  claim  4  or  5,  wherein 
the  electronic  differential  amplifier  produces 
different  output  signals,  depending  on  said 

40  comparison  of  light  intensities,  to  activate  a 
means  used  for  passing  said  fabric  or  flipping 
said  fabric  to  its  opposite  side,  depending 
upon  which  output  signal  is  received  by  said 
means. 

45 
7.  A  method  according  to  any  preceding  claim, 

wherein  a  computer  or  programmable  control- 
ler  is  used  to  produce  different  output  signals, 
depending  in  part  on  said  comparison  of  light 

50  intensities,  to  activate  a  means  used  for  pass- 
ing  or  flipping  said  fabric  to  its  opposite  side, 
depending  upon  which  output  signal  is  re- 
ceived  by  said  means. 

55  8.  A  method  according  to  claim  1  ,  2  or  3,  wherein 
the  intensity  of  reflected  light  is  compared  with 
predetermined  calibrations  by  means  of  a  volt- 
age  comparator. 

6 
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9.  A  method  according  to  claim  8,  wherein  the 
voltage  comparator  produces  different  output 
signals,  depending  on  said  comparison  of  light 
intensities,  to  activate  a  means  used  for  pass- 
ing  said  fabric  of  flipping  said  fabric  to  its 
opposite  side,  depending  upon  which  output 
signal  is  received  by  said  means. 

10.  A  method  according  to  any  preceding  claim, 
wherein  there  are  a  plurality  of  sensors  and  at 
least  two  differently  oriented  ones  of  the  sen- 
sors  are  provided  capable  of  measuring  re- 
spective  intensities  of  different  scattering  pat- 
terns  of  said  light  beams  as  reflected  off  said 
fabric;  relative  intensities  of  the  different  re- 
flected  scattering  patterns  from  said  light 
source  or  sources  are  measured;  and  said 
relative  intensities  are  compared. 

Patentanspruche 

1.  Verfahren  zum  Sicherstellen,  dal3  eine  Mehr- 
zahl  von  Stucken  aus  gewebtem  Stoff  gleichar- 
tig  nach  oben  ausgerichtet  sind,  wobei  das 
Verfahren  die  folgende  Schritte  enthalt: 

(a)  Anordnen  einer  oder  mehrerer  Lichtquel- 
len,  urn  die  Lichtstrahlen  in  einer  ersten 
Position  unter  schiefen  Winkeln  auf  den 
Stoff  zu  projizieren, 
(b)  Anordnen  wenigstens  eines  zum  Messen 
der  Intensitat  des  von  dem  Stoff  weg  reflek- 
tierten  Lichtstrahls  von  der  entsprechenden 
Lichtquelle  geeigneten  Sensors  bezuglich 
jeder  solchen  Lichtquelle, 
(c)  Messen  der  Intensitat  des  reflektierten 
Lichtes  und  Vergleichen  der  Intensitat  mit 
vorher  bestimmten  Eichungen,  die  von  vor- 
hergehenden  Messungen  der  Intensitaten 
der  Reflexionen  der  Lichtstrahlen  an  jeweili- 
gen  Seiten  von  ahnlichem  Stoff  resultieren, 
und 
(d)  Befordern  des  Stoffes  zu  einer  zweiten 
Position  oder  ihn  auf  die  gegenuberliegende 
Seite  wenden  und  ihn  in  Abhangigkeit  von 
dem  bei  (c)  oben  angestellten  Vergleich, 
der  die  Seitenorientierung  des  Stoffes  an- 
gibt,  zu  einer  zweiten  Position  befordern. 

2.  Verfahren  gemaB  Anspruch  1  , 
wobei  das  von  der  Lichtquelle  projizierte  Licht 
infrarot  ist. 

3.  Verfahren  gemaB  Anspruch  1  uber  2, 
wobei  der  Sensor  ein  fotoelektrischer  Empfan- 
ger  ist,  der  zum  Messen  von  Intensitaten  des 
reflektierten  Lichtes  geeignet  ist. 

4.  Verfahren  gemaB  einem  der  vorhergehenden 
Anspruche, 
wobei  die  Intensitat  des  reflektierten  Lichtes 
mittels  eines  elektronischen  Differentialverstar- 

5  kers  mit  vorher  bestimmten  Eichungen  vergli- 
chen  wird. 

5.  Verfahren  gemaB  Anspruch  4, 
wobei  mehrfache  Vergleiche  von  Reflexions- 

io  lichtintensitaten  an  verschiedenen  Punkten  auf 
einer  oder  beiden  Oberflachen  des  Stoffes  ge- 
macht  werden,  urn  die  Fehlermoglichkeit  zu 
verringern. 

is  6.  Verfahren  gemaB  Anspruch  4  oder  5, 
wobei  der  elektronische  Differentialverstarker 
verschiedene  Ausgangssignale  in  Anhangigkeit 
vom  Vergleich  der  Lichtintensitaten  erzeugt, 
urn  eine  Einrichtung,  die  zum  Befordern  des 

20  Stoffes  oder  Wenden  des  Stoffes  auf  seine 
gegenuberliegende  Seite  verwendet  wird,  in 
Abhangigkeit  davon  in  Betrieb  zu  setzen,  wel- 
ches  Ausgangssignal  von  den  Einrichtungen 
empfangen  wird. 

25 
7.  Verfahren  gemaB  einen  der  vorhergehenden 

Anspruche, 
wobei  ein  Computer  oder  eine  programmierba- 
re  Steuerung  zum  Erzeugen  verschiedener 

30  Ausgangssignale  verwendet  wird,  die  teilweise 
von  dem  Vergleich  der  Lichtintensitaten  ab- 
hangen,  urn  eine  Einrichtung,  die  zum  Befor- 
dern  des  Stoffes  oder  Wenden  des  Stoffes  auf 
seine  gegenuberliegende  Seite  verwendet 

35  wird,  in  Abhangigkeit  davon  in  Betrieb  zu  set- 
zen,  welches  Ausgangssignal  von  den  Einrich- 
tungen  empfangen  wird. 

8.  Verfahren  gemaB  Anspruch  1  ,  2  oder  3, 
40  wobei  die  Intensitat  des  reflektierten  Lichtes 

mit  vorher  bestimmten  Eichungen  mittels  eines 
Spannungskomporators  verglichen  wird. 

9.  Verfahren  gemaB  Anspruch  8, 
45  wobei  der  Spannungskomporator  verschiedene 

Ausgangssignale  in  Abhangigkeit  von  dem 
Vergleich  der  Lichtintensitaten  erzeugt,  urn 
eine  Einrichtung,  die  zum  Befordern  des  Stof- 
fes  oder  Wenden  des  Stoffes  auf  seine  gegen- 

50  uberliegende  Seite  verwendet  wird,  in  Abhan- 
gigkeit  davon  in  Betrieb  zu  setzen,  welches 
Ausgangssignal  von  den  Einrichtungen  emp- 
fangen  wird. 

55  10.  Verfahren  gemaB  einen  der  vorhergehenden 
Anspruche, 
wobei  es  eine  Mehrzahl  von  Sensoren  gibt  und 
wenigstens  zwei  verschieden  orientierte  Einhei- 

7 
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ten  der  Sensoren  vorgesehen  sind,  die  zum 
Messen  jeweiliger  Intensitaten  verschiedener 
Streumuster  der  vom  Stoff  reflektierten  Licht- 
strahlen  geeignet  sind,  relative  Intensitaten  der 
verschieden  reflektierten  Streumuster  von  der 
Lichtquelle  oder  den  Lichtquellen  gemessen 
werden  und  die  relativen  Intensitaten  vergli- 
chen  werden. 

Revendicatlons 

deux,  pour  reduire  les  risques  d'erreur. 

6.  Procede  selon  la  revendication  4  ou  5,  dans 
lequel  I'amplificateur  differentiel  electronique 

5  produit  differents  signaux  de  sortie,  en  fonction 
de  ladite  comparaison  des  intensites  de  lumie- 
re,  pour  activer  un  moyen  utilise  pour  faire 
passer  ladite  etoffe  ou  retourner  ladite  etoffe 
vers  son  cote  oppose,  en  fonction  du  signal  de 

io  sortie  qui  est  regu  par  ledit  moyen. 

1.  Procede  pour  garantir  que  toutes  les  pieces  en 
etoffe  tissee  d'une  pluralite  sont  disposees 
avec  le  meme  cote  en  haut,  ledit  procede 
comprenant  les  etapes  suivantes: 

(a)  mise  en  place  d'une  ou  plusieurs  sour- 
ces  de  lumiere  pour  envoyer  des  faisceaux 
lumineux  a  angles  obliques  sur  ladite  etoffe 
dans  une  premiere  position; 
(b)  mise  en  place,  par  rapport  a  chacune  de 
ces  sources  de  lumiere,  d'au  moins  un  cap- 
teur  capable  de  mesurer  I'intensite  dudit 
faisceau  lumineux  provenant  de  ladite  sour- 
ce  de  lumiere  correspondante  et  reflechi 
par  ladite  etoffe; 
(c)  mesure  de  I'intensite  de  la  lumiere  refle- 
chie  et  comparaison  de  ladite  intensite  avec 
des  valeurs  de  calibration  predeterminees 
qui  resultent  de  mesures  anterieures  des 
intensites  de  reflexion  desdits  faisceaux  lu- 
mineux  sur  les  cotes  respectifs  d'une  etoffe 
semblable;  et 
(d)  passage  de  ladite  etoffe  dans  une  se- 
conde  position  ou  retournement  de  celle-ci 
vers  le  cote  oppose  et  passage  dans  une 
seconde  position,  en  fonction  de  la  compa- 
raison  effectuee  ci-dessus  en  (c)  qui  indique 
I'orientation  de  cote  de  ladite  etoffe. 

2.  Procede  selon  la  revendication  1,  dans  lequel 
la  lumiere  envoyee  par  ladite  source  de  lumie- 
re  est  de  I'infrarouge. 

3.  Procede  selon  la  revendication  1  ou  2,  dans 
lequel  ledit  capteur  est  un  recepteur  photoe- 
lectrique  capable  de  mesurer  des  intensites  de 
lumiere  reflechie. 

4.  Procede  selon  I'une  quelconque  des  preceden- 
tes  revendications,  dans  lequel  I'intensite  de  la 
lumiere  reflechie  est  comparee  avec  des  va- 
leurs  de  calibration  predeterminees  au  moyen 
d'un  amplificateur  differentiel  electronique. 

7.  Procede  selon  I'une  quelconque  des  preceden- 
tes  revendications,  dans  lequel  on  utilise  un 
ordinateur  ou  un  dispositif  de  commande  pro- 

15  grammable  pour  produire  differents  signaux  de 
sortie,  qui  dependent  en  partie  de  ladite  com- 
paraison  des  intensites  lumineuses,  afin  d'acti- 
ver  un  moyen  utilise  pour  faire  passer  ladite 
etoffe  ou  la  retourner  vers  son  cote  oppose,  en 

20  fonction  du  signal  de  sortie  qui  est  regu  par 
ledit  moyen. 

8.  Procede  selon  la  revendication  1  ,  2  ou  3,  dans 
lequel  I'intensite  de  la  lumiere  reflechie  est 

25  comparee  avec  des  valeurs  de  calibration  pre- 
determinees  au  moyen  d'un  comparateur  de 
tension. 

9.  Procede  selon  la  revendication  8,  dans  lequel 
30  le  comparateur  de  tension  produit  differents 

signaux  de  sortie,  en  fonction  de  ladite  compa- 
raison  des  intensites  lumineuses,  pour  activer 
un  moyen  utilise  pour  faire  passer  ladite  etoffe 
ou  pour  retourner  ladite  etoffe  vers  son  cote 

35  oppose,  en  fonction  du  signal  de  sortie  qui  est 
regu  par  ledit  moyen. 

10.  Procede  selon  I'une  quelconque  des  preceden- 
tes  revendications,  dans  lequel  il  y  a  une  plu- 

40  ralite  de  capteurs  et  il  y  a  au  moins  deux 
capteurs  orientes  differemment  qui  sont  capa- 
bles  de  mesurer  des  intensites  respectives  de 
differents  diagrammes  de  diffraction  desdits 
faisceaux  lumineux  reflechis  par  ladite  etoffe, 

45  dans  lesquels  on  mesure  les  intensites  relati- 
ves  des  differents  diagrammes  de  difraction 
reflechis  provenant  de  ladite  source  ou  desdi- 
tes  sources  de  lumiere  et  dans  lequel  on  com- 
pare  lesdites  intensites  relatives. 

50 

5.  Procede  selon  la  revendication  4,  dans  lequel 
on  effectue  des  comparaisons  multiples  des 
intensites  de  lumiere  reflechie  en  differents 
points  sur  une  face  de  ladite  etoffe,  ou  sur  les 

55 

8 



EP  0  392  102  B1 

9 



EP  0  392  102  B1 



EP  0  392  102  B1 

F I G . 3  

11 



EP  0  392  102  B1 

F I G . 4  

12 



EP  0  392  102  B1 

F I G .   5  

13 



EP  0  392  102  B1 

F I G . 6  



EP  0  392  102  B1 

F I G . 7  

15 



EP  0  392  102  B1 

F I G . 8  

16 



EP  0  392  102  B1 

F I G .   9  


	bibliography
	description
	claims
	drawings

