
2 6 S E P 2006 WO 03/085389 PCT/US03/02979  IMAGING METHOD AND APPARATUS
Technical Field The present invention relates to an imaging method and
apparatus ideally suited for 5 analyzing the optical quality of at least a
portion of a transparent medium, more particularly the  invention
superimposing multiple images to analyze the quality of a transparent
medium, for  example, to detect refracting, obstructing and scattering
defects. Background of the Invention 10 An undesirable result in the
manufacture of transparent films, such as optical films, is the  occurrence
of either functional or cosmetic defects in the film. There are numerous
potential  causes of these defects and they generally manifest themselves in
different manners. For  example, for transparent and semi-transparent films,
surface scratches may scatter light, caliper  variations may cause slight
refractive variations, and debris may block transmitted light or 15 scatter
reflective light. Because of the subtle nature of defects, the small size of
the defects, and  variety of defects, it is difficult to manually inspect
outgoing film to ensure quality. Various attempts have been made to
automatically inspect optical films, thereby  improving defect detection
capabilities and reducing costs when compared to manual inspection.  While
some have been successful, one difficult issue has been the inability of
automated systems 20 to detect caliper change defects that manifest
themselves as subtle flow patterns in the film.  Further, the detection of
different types of defects generally requires more than a single optical
configuration. For example, to detect scratches, flow patterns, and debris
may require two or  three optical configurations along with associated
processing electronics. Conventionally practiced web inspection systems
generally incorporate line scan 25 cameras that are capable of detecting
scattering defects such as scratches or surface particles.  The line scan
cameras are configured with dark-field optics in either reflected or
transmitted  mode and are capable of detecting the noted defects. However,
this single configuration is not  sufficient for detecting refracting
defects or embedded particles that do not distort the surface of  



film. 30 Laser scanners can be configured with multiple channels in order to
be sensitive to all  defects at the same time. Basically, this is the same
as having multiple systems, one for each  channel, which increases the
system complexity and cost. Also, laser scanners are large,  complex
electromechanical systems that are expensive to implement in production 1 2
6 S E P 2006 WO 03/085389 PCT/US03/02979  environments. Laser scanners are
also difficult to run in parallel for inspection applications  requiring
extremely high resolution across wide webs. Another imaging technique is
referred to as schlieren imaging. This technique is  generally useful for
measuring variations in the. refractive index within an optical system. The
5 technique detects inhomogeneities within a medium by detecting the energy
refracted by that portion of the medium in which the inhomogeneity occurs.
Schlieren imaging is generally used  over long distances with large objects.
The system is not suitable for film inspection because it  is only capable
if detecting changes in the refractive index of the medium. It would be
advantageous to provide a single imaging method and device capable of  10
detecting and quantifying different optical properties of transparent films.
It would also be an  advantage to detect refracting, obstructing and
scattering defects with a single imaging  configuration. Summary of the
Invention 15 The present invention is directed to an imaging apparatus and
method for detecting  anomalies and quantifying optical properties of
transparent media. The present invention  superimposes, either optically or
electronically, at least two images of the transparent media in  order to
obtain optical properties of at a least a portion of the transparent medium.
In one embodiment, the method for characterizing the optical properties of a
transparent  20 media includes transmitting light from a point light source
two times through the transparent  medium. The light is directed through a
lens onto a detector array to form an image of the  



transparent medium. At least one converging minor is utilized to direct
light to a point at a  position substantially near the optical center of the
lens. The image is then analyzed using  conventional analytical techniques
to characterize the optical properties of the transparent 25 medium.
Preferably, the combined distance between the point light source to the
converging  mirror and from the converging mirror to the detector array is
about four times the focal length  of the mirror. In another embodiment, a
method for characterizing transparent media involves  superimposing two or
more images of a transparent medium wherein each image is generated by  30
reflecting light emitted from a point light source off a converging mirror.
The light converges to a single point substantially near the center of a
lens. The light is transmitted through the  transparent medium either before
or after reflecting from the mirror. Two or more images are  formed, each
having unique focal planes, such that one of the unique focal planes
corresponds to 2 WO 03/085389 PCT/U503/02979006  the transparent medium. The
images may be superimposed through the use of a single lens onto  a detector
array. Alternatively, the images may be formed using two or more lenses with
separate detector arrays, and the corresponding signals from the detector
arrays superimposed  electronically. 5 The apparatus of the present
invention generally includes a point light source for  transmitting light
through a transparent medium. A converging mirror is provided for reflecting
the light back through the transparent medium to a point at a position
substantially near the  optical center of the lens. A detector array
receives an image from the lens. The image is  analyzed in an analyzing
device to determine optical properties of said transparent medium. 10 A
preferred embodiment of the apparatus of the present invention superimposes
two or  more images of a transparent medium. The apparatus includes one or
more imaging systems.  Each system has a point light source for transmitting
light through a transparent medium and a  converging mirror positioned such
that light from the point light source converges to a point  substantially
near a center of an imaging lens. A detector array is included in the
apparatus for 



15 receiving an image from the lens. Each system generates an image and each
image has unique  focal planes, such that one of the unique focal planes
corresponds to the transparent medium.  The embodiments of the present
invention are capable of characterizing optical characteristics in the
transparent medium such as, for example, defects, non-uniformities, and
variations in clarity, optical density, or diffusion. Preferably, the method
of the present 20 invention is capable of detecting optical defects
including refracting defects, scattering defects,  and obstructing defects
with a single configuration. For purposes of the present invention, the
following terms used in this application are  defined as follows: "web"
means a sheet of material having a dimensional width in one direction and
25 indeterminate length in the orthogonal direction; "converging mirror"
means a mirror configured specifically such tjiat light emitted from  a
single point is directed back to a single point after reflection from the
mirror surface; "imaged line on web" means a portion of the web which is
currently being imaged onto  the detector array; 30 "point light source"
means a source of electromagnetic radiation with the physical form  of a
single point; "beamsplitter" means an optical device that uses a mirror or
prisms to divide a light  beam into two or more paths; 3 2 6 SEP 2006 WO
03/085389 PCT/U503/02979  "lens" means an object or group of objects that
bend light rays causing them to converge  or diverge to create an image;
"camera" means a wide variety of devices through which light from an object
is focused  onto a light-sensitive material, such as film or semiconductor
devices, in order to record the 5 image; and "detector array" means an array
of photosensitive devices capable of converting  



incoming light photons into an electrical signal. 10 Brief Description of
the Drawings The advantages of the present invention will become readily
apparent to those skilled in  the art from the following detailed
description when considered in the light of the accompanying  drawings in
which: 15 FIG. 1 is an isometric view of one embodiment of the present
invention;  FIG. 2 is an isometric view of the embodiment of FIG.1 in an
unfolded array;  FIG. 3 is an isometric view of another embodiment of the
present invention; FIG. 4a, and 4b are images of a various types of defects
that may be detected through use  of the present invention; and 20 FIG. 5 is
an isometric view of an alternative embodiment of the present invention.
While the above-identified drawing figures set forth one embodiment of the
invention,  other embodiments are also contemplated, as noted in the
discussion. In all cases, this  disclosure presents the invention by way of
representation and not limitation. It should be  understood that numerous
other modifications and embodiments can be devised by those skilled  25 in
the art, which fall within the scope and spirit of the principles of the
invention. Detailed Description The present invention is suitable for
determining optical properties of a transparent  30 medium. The invention
provides mechanisms for superimposing two or more images of at least  a
portion of the transparent medium. The images are superimposed either
optically or  electronically in order to determine the optical
characteristics of the transparent medium. FIG. 1 depicts one embodiment of
the apparatus and method of the present invention. In  general, the imaging
system 10 is suitable for imaging optical properties of a transparent  4 2 6
SEP 2006 WO 03/085389 PCT/US03/02979  medium 12. The imaging system 10
includes a point light source 14 that directs light onto beam  splitter 16.
The light is transmitted through the transparent medium 12 and onto a
converging  



mirror 18. The light is then reflected back through the transparent medium
12 through the same  line or area as the first pass of light. This line or
area is referred to as the imaged area 20. The 5 light reflected from the
converging mirror and passing through the imaged area 20 for the  second
time is directed to the lens 22. The light from the converging mirror 18 is
directed to a  point on the lens 22 at a position substantially near the
optical center of lens 22. A detector  array 24, residing in camera 26,
receives the light from the lens and forms electrical signals  corresponding
to the imaged area 20 of transparent medium 12. The electrical signals from
the 10 detector array representing the image of transparent medium may then
be processed or analyzed  using conventionally recognized techniques. FIG. 2
is provided to further illustrate, in an unfolded view, the embodiment of
FIG. 1.  The light from point light source 14 fans out from the point light
source 14 and through the  transparent medium 12 until it reflects from the
converging mirror 18. The reflected light passes 15 back through web 12 for
a second time and converges to a single point. In accordance with the
present invention, the point at which the light converges after reflecting
from the converging  mirror 18 is a point substantially near the optical
center of lens 22. An image of the web is  provided by the detector array 24
from the light passing through the lens 22. The present invention is
suitable for imaging optical properties of a transparent medium.  20 A
transparent medium may be any material that is capable of allowing at least
some  transmission of light with no appreciable scattering or diffusion.
Preferably, the transparent  medium is selected from polymeric films, glass,
coated films or coated glass. The transparent  medium may be preferably
provided in either web form or as discrete parts. In the case of web
imaging, the web may be traveling at a predetermined speed while the present
invention is 25 providing images of continuous segments or an imaged area of
the web as the web travels  through the area highlighted by the point light
source. In the manufacture of transparent media, such as films, it is
generally desirable that the  medium's optical properties be substantially
uniform. Unfortunately, the manufacturing process  may introduce undesirable
optical properties in the transparent medium. For example, optical 30
properties of the transparent medium may involve such characteristics as
defects, caliper, non- 



uniformities, clarity, optical density, diffusion or combinations of these
noted characteristics.  The present invention is capable of imaging the
transparent medium to determine variations of  one or all of the noted
properties from a desired standard. 5 2 6 SEP 2006 WO 03/085389
PCT/US03/02979  Conventional imaging systems are not capable of addressing
various types of defects in a  single configuration. For example,
conventional configurations are not capable of detecting  refracting defects
while simultaneously detecting other defects such as scattering defects or
obstructing defects. The ability of the present invention to simultaneously
image at least two 5 views of the same section of imaged medium enables
inspection of the medium for such optical  properties as refracting defects,
scattering defects, obstructing defects or combinations thereof in  a single
configuration. In accordance with the present invention, a point light
source is utilized to transmit  electromagnetic radiation. The point light
source is selected to provide sufficient energy 10 so that the detector
array records an image of the transparent medium. Those skilled in the art
are capable of selecting a point light source to match specific detector
arrays. All conventionally  recognized point light sources are suitable for
use with the present invention. Non-limiting  examples of point light
sources may include incandescent lamps, fiber optic light or light  emitting
diodes. In a preferred embodiment, an aperture may be used to limit the
effective size 15 of the source. Typical aperture sizes range from 1001.m to
5mm. In a preferred embodiment, a beam splitter is utilized to divide a
light beam into two or  more paths. Beam splitters may be employed in
various alignments to provide coaxial lighting.  Coaxial lighting may assist
in reducing the occurrence of single features represented twice on a  single
image, also referred to as ghosting. Conventional beam splitters are
suitable for use with  20 the present invention. A converging mirror,
employed in practicing the present invention, is configured  specifically
such that light emitted from the point light source is directed back to a
point after  



reflecting from the mirror surface. Preferably, the converging mirror
directs light to a point at a  position near the optical center of the lens.
The converging mirror may be converging in at least 25 one dimension and
preferably two dimensions. The type of converging mirror employed affects
the imaging system's sensitivity. Certain forms of transparent media and
specific types of  optical properties require higher quality mirrors in
order to appropriately image specific optical  properties. Those skilled in
the art are capable of matching mirror quality to achieve the level of
imaging needed for specific transparent films. 30 In an optional embodiment,
the present invention may also employ flat mirrors to fold  the optical
path, thereby drastically reducing physical space requirements for the
inventive  apparatus. 6 2 6 SEP Z006 WO 03/085389 PCT/US03/02979  A lens is
employed in the method and apparatus of the present invention. The lens
bends light  rays, causing them to converge and create an image on the
detector array. It serves to map a  physical section of the transparent
media to corresponding positions on the detector array. The  lens is
preferably focused on a plane corresponding to the position of the
transparent medium. 5 The detector array is an array of photosensitive
devices capable of converting incoming  light photons into electrical
signals. The lens forms an image on the detector array. The  detector array
converts image intensity to corresponding electrical signal amplitude. The
signal  created by the detector array is an electronic representation of the
optical image transmitted by  the lens. Conventional detector arrays
generally recognized by those skilled in the art are 10 suitable for use
with the present invention. Preferably, acceptable detector arrays may
include  either one-dimensional or two-dimensional arrays of a charge
coupled device (CCD), a  complimentary metal oxide semiconductor (CMOS) or
photodiodes. The operation of the present invention is described with
further reference to the  embodiment of FIG. 1. The configuration of imaging
system 10 is set up so that the combined  15 distance from point light
source 14 to converging mirror 18 and from the mirror to a 



convergence point near the center of lens 22 are about equal to four times
the mirror's 18 focal  length. Figure 2 shows the two light paths unfolded.
Typically, the distance from the point light  source 14 to the mirror 18 is
equal to the distance from the mirror 18 to the center of the lens 22.
However, the distances may be slightly unequal while still maintaining good
convergence as 20 long as the total distance remains substantially close to
four times the mirror's 18 focal distance.  When aligning the optical
components, it is useful to use a laser diode in place of the  point light
source 14. A typical alignment procedure with the preferred embodiment is as
follows. First, roughly align the beamsplitter 16, converging mirror 18,
lens 22, and camera 26  using conventional methods such that the center of
the camera 26, lens 22, beamsplitter 16, and 25 converging mirror 18 are
coaxial. Also, position the point light source 14 and lens 22 so that the
total distance between them is 4F as described above. Next, using the laser
in place of the point  light source 14, fine-tune the beamsplitter 16
position until the beam exactly impacts the  mirror's 18 center. Next,
adjust the mirror 18 such that the laser beam travels back through the
center of the beamsplitter 16. Next, adjust the camera 26 such that the
laser impacts the center 30 of the detecting array 24. At this point,
replace the laser with the point light source 14 and  adjust the lens 22
position, forward or backward, so that the light converges substantially
near  the lens 22 center. Finally, adjust the camera's 26 position forward
and backward until the  detecting array 24 is fully illuminated by the light
as it diverges from the point. It may be 7 2 6 SEP 2006  necessary to
iterate this process until the optical system is fully aligned. If the
system is not  aligned properly, it may result in the loss of optical signal
fidelity. In the embodiment depicted in FIGS. 1 and 2, only a single
converging mirror 18 is used.  Therefore, the light may impact the
transparent medium 12 at slightly different angles depending  5 on the
cross-medium position. However, depending of the composition of the
transparent medium 12, it may be necessary to ensure that all light impacts
the transparent medium 12 in  exactly the same manner regardless of
position. An alternative embodiment is illustrated in FIG. 3. The imaging
system 10 is set up to  



image the optical prQperties of transparent medium 32. In this case, the
point light source 34 is  10 positioned relative to the converging mirror 38
such that all light rays will be reflected in parallel. This is referred to
as telecentric imaging. The point light source emits light through  beam
splitter 36. The light is transmitted to flat mirror 48 where it is directed
to converging  mirror 38. The converging mirror 38 reflects the light in
parallel through transparent medium 32  to create an imaged area 40. The
light reflects from a second flat mirror 50 and is transmitted 15 back
through transparent medium 32, reflected from converging mirror 38 and flat
mirror 48 to  lens 42. The lens 42 provides an optical image that is then
converted to electrical signals in a  detector array 44 which resides in
camera 46. FIG. 3 exemplifies the situation where the light  rays, when
placed at the focal point of a parabolic mirror, impacts the web in exactly
the same  manner, are reflected from flat mirror, and travel back to the
converging mirror where they are  20 again converged to a single point in
the center of the imaging lens. The imaging resolution with this embodiment
depicted in FIG. 3 is highly dependent on  the specific implementation.
Typical resolutions useful for web or piece part inspection may  range from
20m to 1mrn as imaged on the detector array. However, the method is capable
at  resolutions as low as 100mm or as high as 1 jsm. The only limitations
are the size and accuracy 25 of the converging mirror combined with the
number of pixels and sensitivity of the sensor array.  The image resulting
from preferred embodiments actually consist of two superimposed  images, one
from each light pass through the transparent medium. As shown in Figure 2,
the  imaging plane of lens 14 is usually equal to the plane of the second
pass. Thus, the first pass  through the transparent medium 12 will not be in
focus relative to the lens 22. The image 30 depicted in FIG 4a shows the
relative contributions from each of the two passes. The first pass  52
accentuates subtle refracting defects 54 and is most effective if it is out
of focus. The second  pass 56 is then most sensitive to the light scattering
58 or obstructing defects 60. 8 2 6 S E P 2006 WO 03/085389 PCT/US03/02979
By superimposing two images through alignment of the two imaging passes,
those  



skilled in the art can realize the benefits of the two individual images in
a single image, thereby  simplifying the image processing and maintaining
positional accuracy for interpretation of the  optical properties of the
transparent medium. The image depicted in FIG. 4b shows a 5 superposition of
the two passes described in FIG. 4a. It effectively captures the high
frequency  components related to small scattering defects 62 or obstructing
defects 64, such as scratches  and particles, while also providing a strong
optical signature for subtle refracting defects 66 such  as polymer flows or
caliper variations. After an image is captured, it must be analyzed to
provide information about the optical  10 properties of the transparent
medium, such as, for example, defects. There are a variety of  conventional
methods to process the image to extract process variations. For defect
detection,  possible methods include, but are not limited to, spatial or
frequency based filtering to enhance  the defects followed by intensity
level thresholding to binarize the image. After binarization,  conventional
blob analysis can be performed to extract and analyze the defects. For
uniformity 15 analysis, many different statistical analyses can be performed
to quantify the variability of the  image and thereby quantify the
manufacturing process variability. As the process variability or  defect
level is quantified through this imaging technique, the results can then be
used to improve  and control the manufacturing process to increase and
maintain high quality levels. In an alternative embodiment, the images of
the transparent medium may be  20 superimposed electronically as opposed to
optically. There are numerous alternative  embodiments capable of producing
similar benefits through the combination of independent single pass imaging
systems. One such embodiment is shown in Figure 5. In this case, the first
system 70 uses the focused fighting with the lens 72 focused in the plane of
transparent medium  78. The focal plane of lens 72 is depicted by arrow 84.
This corresponds to the second pass 25 from the preferred embodiment. The
point light source 74 is directed to a converging mirror 76.  The light is
reflected from the converging mirror 76 through transparent, Medium 78. The
light  passing through transparent medium 78 is directed to a point on the
lens 72 substantially near  the optical center of the lens 72. This provides
a first image on a detector array 80 located in  camera 82. 



30 The second system 90 uses the focused lighting from with the lens 92
focused before the  plane of transparent medium 78 and corresponds to the
first pass from the preferred  embodiment. The focal plane of lens 92 is
depicted by arrow 104. The point light source 94 is  directed through
transparent medium 78 to a converging mirror 96. The light is reflected from
9 2 6 S E P 2006 WO 03/085389 PCT/US03/02979  the converging minor 96 to a
point on the lens 92 substantially near the optical center of the lens  92.
This provides a second image on a detector array 100 located in camera 102.
The image output from the two detector arrays 80, 100 are then superimposed
electronically in a combining device 106. Non-limiting examples of combining
devices include  5 computers with multiple digital input channels or
dedicated dyadic image processing hardware. The superimposed image of the
optical characteristics of the transparent medium 78 may then be  processed
similar to that described in the preferred embodiment. Alternative
embodiments such  as that described with respect to FIG. 5 provide a desired
level of flexibility because two or  more imaging systems can be separately
configured to enhance desired features. 10 From the above disclosure of the
general principles of the present invention and the  preceding detailed
description, those skilled in this art will readily comprehend the various
modifications to which the present invention is susceptible. Therefore, the
scope of the  invention should be limited only by the following claims and
equivalents thereof. 15 10 2 6 SEP 2006  What is claimed is: 1. A method for
characterizing a transparent medium, comprising (a) transmitting light from
a point light source two times through said transparent  medium and then
through a lens onto a detector array to form a superposition of two or more
images of said transparent medium, wherein at least one converging mirror
directs light to a  



point at a position substantially near the optical center of the lens, and
wherein the focal plane  for one of the images corresponds to the
transparent medium; and (b) analyzing said image to characterize optical
properties of said transparent medium.  2. A method according to claim 1,
wherein said optical properties include defects, caliper,  non-uniformities,
clarity, optical density, diffusion or combinations thereof. 3. A method
according to claim 2, wherein defects include refracting defects, scattering
defects, obstructing defects or combinations thereof. 4. A method according
to claim 1, wherein the combined distance between the point light  source to
the converging mirror and from the converging mirror to the detector array
is about  four times the focal length of the mirror. 5. A method according
to claim 1, wherein a beam splitter is utilized to align light so that a
first pass of light from said point light source through said transparent
medium is co-axial  with a second pass of light from said mirror through
said transparent medium. 6. A method according to claim 1, wherein said
point light source is selected from apertured  lamps, fiber optic light or
light emitting diodes. 7. A method according to claim 1, wherein said
transparent medium is polymeric films, glass,  coated films or coated glass.
11 2 6 SEP 2006  8. A method according to claim 1, wherein the detector
array is one-dimensional or two dimensional.  9. A method according to claim
1, wherein said image is analyzed using filtering, blob  analysis,
thresholding or combinations thereof. 10. A method according to claim 1,
further comprising identifying locations of one or more  defects on said
transparent medium. 11. A method according to claim 1, further comprising
quantifying optical properties of said  transparent medium. 12. A method
according to claim 1, wherein said transparent medium includes webs or  



discrete parts. 13. A method according to claim 1, wherein said defects are
one micron or greater. 14. A method according to claim 1, wherein said
detector arrays include CCD, CMOS, or  photodiodes. 15. A method according
to claim 1, further comprising adjusting processing of said  transparent
medium based on said optical properties. 16. A method according to claim 1,
wherein said light impacts said transparent medium in a  telecentric manner.
17. A method for characterizing a transparent medium, comprising (a) passing
light from a point light source through said transparent medium onto a
converging mirror; 12 2 6 SEP 2006  (b) reflecting light from said
converging mirror back through said transparent medium and through a lens
onto a detector array to form a superposition of two or more images of said
transparent medium, wherein light from said mirror converges to a point at a
position  substantially near the optical center of the lens, and wherein a
focal plane for one of the  images corresponds to the transparent medium;
and (c) analyzing said image to characterize optical properties of said
transparent medium.  18. A method of characterizing a transparent medium,
comprising, superimposing two or more images of a transparent medium wherein
each image is  generated by reflecting light emitted from a point light
source from a converging mirror such  that the light converges to a single
point substantially near the center of a lens with said light  transmitting
through said transparent medium either before or after reflecting from the
mirror,  wherein the lens is focused on a plane correponding to the
transparent medium, and wherein  the two or more images are formed, each
having unique focal planes, such that one of the  unique focal planes
corresponds to the transparent medium. 19. A method according to claim 18,
wherein, the images are superimposed through a single  



lens onto a detector array. 20. A method according to claim 18, wherein, the
images are formed using two or more  lenses with separate detector arrays,
and signals from said detector arrays are superimposed  electronically. 21.
A method according to claim 18, further comprising analyzing said
superimposed image  to characterize optical properties of said transparent
medium. 22. A method according to claim 21, wherein said optical properties
include defects, caliper,  non-uniformities, clarity, optical density,
diffusion or combinations thereof 13 2 6 SEP 2006  23. A method according to
claim 22, wherein defects include refracting defects, scattering defects,
obstructing defects or combinations thereof. 24. A method according to claim
18, wherein said image is analyzed using filtering, blob  analysis,
thresholding or combinations thereof. 25. A method according to claim 21,
further comprising quantifying optical properties of said  transparent
medium. 26. A method according to claim 18, further comprising adjusting
processing of said  transparent medium based on said optical properties. 27.
An apparatus for detecting optical characteristics in a transparent medium,
comprising  (a) a point light source for transmitting light through said
transparent medium; (b) a converging mirror for reflecting said light back
through said transparent medium  and to a point at a position substantially
near the optical center of a lens; (c) a detector array for receiving an
image from said lens that represents a  superposition of two or more images
of said transparent medium and wherein a focal plane for  one image
corresponds to the transparent medium; and (d) an analyzing device for
analyzing said image to determine optical properties of  said transparent
medium. 28. An apparatus according to claim 27, wherein said optical
properties include defects,  



caliper, non-uniformities, clarity, optical density, diffusion or
combinations thereof. 29. An apparatus according to claim 28, wherein said
defects include refracting defects,  scattering defects, obstructing defects
or combinations thereof. 30. An apparatus according to claim 28, wherein
said defects are one micron or greater.  14 2 6 SEP 2006  31. An apparatus
according to claim 29, further comprising processing said transparent medium
based on said defects. 32. An apparatus according to claim 27, wherein the
combined distance between the point  light source to the converging mirror
and from the converging mirror to the detector array is  about four times
the focal length of the mirror. 33. An apparatus according to claim 27
further comprising a beam splitter to align the light  so that a first pass
of light from said point light source through said transparent medium is co-
axial with a second pass of light from said mirror through said transparent
medium. 34. An apparatus according to claim 27, wherein said point light
source includes apertured  lamps, fiber optic light or light emitting
diodes. 35. An apparatus according to claim 27, wherein said transparent
medium is polymeric films,  glass, coated films or coated glass. 36. An
apparatus according to claim 27, wherein the detector array is
one-dimensional or  two-dimensional. 37. An apparatus according to claim 27,
wherein said image is analyzed using filtering, blob  analysis, thresholding
or combinations thereof. 38. An apparatus according to claim 27, wherein
said analyzing device identifies locations of  one or more defects on said
transparent medium. 39. An apparatus according to claim 27 wherein said
transparent medium includes webs or  discrete parts. 15 2 6 SEP 2006  



40. An apparatus according to claim 27, wherein said detector arrays include
CCD, CMOS, or photodiodes. 41. An apparatus according to claim 27, wherein
said light impacts said transparent medium  in a telecentric manner. 42. An
apparatus for superimposing two or more images of a transparent medium,
comprising: two or more imaging systems, each system having a point light
source for transmitting  light through a transparent medium, a converging
mirror positioned such that light from the  point light source converges to
a point substantially near a center of an imaging lens, wherein  the lens is
focused on a plane correponding to the transparent mediums and a detector
array  for receiving an image from said lens, wherein each system generates
an image, each image  having unique focal planes, such that one of the
unique focal planes corresponds to the  transparent medium. 43. An apparatus
according to claim 42, wherein, the images are superimposed through a
single lens onto a detector array. 44. An apparatus according to claim 42,
wherein, the images are formed using two or more  lenses with separate
detector arrays, and signals from said detector arrays are superimposed
electronically. 45. An apparatus according to claim 42, wherein said optical
properties include defects,  caliper, non-uniformities, clarity, optical
density, diffusion or combinations thereof 46. An apparatus according to
claim 42, wherein defects include refracting defects, scattering  defects,
obstructing defects or combinations thereof. 16 2 6 S E P 2006  47. An
apparatus according to claim 42, wherein said image is analyzed using
filtering, blob  analysis, thresholding or combinations thereof. 17 




