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Surface inspection system and surface inspection method

The invention relates to a surface inspection system for inspecting the surface
of sheet elements present in an inspection area. The invention further relates to a
method of identifying highly reflective surface areas on a sheet element being
moved through a sheet element processing machine. The invention can in
particular be implemented in a quality control station in a sheet element processing

machine.

The term “sheet element processing machine” is here intended to comprise any
machine which is being used for processing sheet elements such as paper,
cardboard, plastic foil or similar materials, in particular printing machines, coating
machines, laminating machines and converting machines (for example cutting,

stamping, folding and/or gluing machines).

On the sheet element, highly reflective (“glossy”) surfaces can be present as a
consequence from foil, holograms, varnish or a similar structure being present. It
IS desirable for many reasons to be able to determine the position of glossy
surfaces on a sheet element as many quality checks are based on checking the
position of one element with respect to another element. However, it is not an easy
task to detect the position of glossy surfaces on a sheet element being moved at

speeds of up to 15m/s through a sheet element processing machine.

It is therefore an object of the invention to provide a system and a method which
allow to reliably detect the position of glossy surfaces on a sheet element being
moved through a sheet element processing machine.

In order to achieve this object, the invention provides a surface inspection
system for inspecting the surface of sheet elements present in an inspection area,
comprising an image evaluation unit, a camera, a dark-field illuminator and a bright-
field illuminator, the image evaluation unit is adapted for comparing a line image
captured under bright-field illumination conditions with a line image captured under
dark-field illumination conditions. This object is also achieved with a method of
identifying highly reflective surface areas on a sheet element being moved through
a sheet element processing machine, in particular by using the system as defined
above, wherein first a line image of the surface of the sheet element in the viewing
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area is captured under bright-field illumination conditions and a line image of the
same surface of the sheet element in the viewing area is captured under dark-field
Illumination conditions, and wherein then the two line images are compared, for
example subtracted from each other, wherein the surface is identified as being
reflective if the difference between the two line images is above a predefined
threshold.

The invention Is based on the general concept of taking advantage of the
difference in reflection which can be observed when illuminating diffusely reflecting
surfaces like a Lambertian diffuser (e.g. white paper) on the one hand and glossy
surfaces (e.g. a foil, a hologram or varnish) on the other hand. When the
illuminators illuminate a diffusely reflecting surface, the intensity of the line image
captured by the camera is (almost) identical. When the illuminators illuminate a
highly reflective surface, then the intensity, seen by the camera, of the light
originating from the bright-field illuminator is much higher than the intensity of the
light originating from the dark-field illuminator. This difference can be detected

relatively easily even at a sheet element being moved with high speeds.

The camera can be a 2D camera (area camera). In view of the amount of data

to be processed, it however is preferred to use a line camera.

In view of the camera being preferably a line camera, the term “line image” is
in the following being used when referring to the images captured by the camera.
If the camera however Is an area camera, the line image captured by the camera

does not consist of a single line only but of a plurality of lines.

According to a preferred embodiment, the dark-field illuminator comprises a
single row of LEDs along which two oppositely arranged reflectors are provided.
Thus, the dark-field illuminator provides a light which is far from specular to prevent
that any steep reflective area appears bright when illuminated by the dark-field

Hluminator.

The bright-field illuminator preferably comprises a plurality of rows of LEDs
which are arranged in parallel. The different rows are arranged with different optical
planes so that there will always be some light which is being directly reflected,

under close-to-specular reflection conditions, towards the camera even if the
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surface of the sheet element in the viewing area is not perfectly plane. Thus, bright-

field conditions are maintained even for steep areas on the sheet element.

The line image captured under bright-field illumination can be very easily
compared with the line image captured under dark-field illumination if the intensity
of the light originating from the dark-field illuminator is, at the camera, the same as
the intensity of the light originating from the bright-field illuminator when a sheet
element is being inspected which has a diffusely reflecting surface. If the
comparison is made by subtracting the line images from each other, then the result

IS zero for surface portions which are not reflective.

In a preferred embodiment, the optical plane of the dark-field illuminator is
arranged at an angle of approx 45° with respect to a plane which is perpendicular
to the orientation of the viewing area, the optical plane of the bright-field illuminator
IS arranged at an angle of approx 30° with respect to a plane which is perpendicular
to the orientation of the viewing area, and the viewing plane of the camera is
arranged at an angle of approx. 20° with respect to a plane which is perpendicular
to the orientation of the viewing area. This arrangement has proven to yield to good

results.

With a view to achieving the desired precision when determining the position of
glossy surfaces on the sheet element, the camera has a resolution, at the surface
of the sheet element to be inspected, in the range of 0.05 to 0.6 mm and preferably
of the order of 0.1 mm. A higher resolution is generally possible but results in more
data having to be analyzed.

For determining the position of glossy surfaces on the sheet element, it is

sufficient to compare the two line images as regards their intensity.

The images can be compared line by line and pixel by pixel so as to obtain
precise information on the position of glossy surfaces both in the x direction and
the y direction.

As an alternative, a reconstructed image is being created based on the line
iImages captured under dark-field illumination, and a reconstructed image is being
created based on the line Images captured under Dbright-field illumination
conditions, wherein reflective surfaces are being identified by comparing the
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reconstructed images. This comparison can be made either for the entire

reconstructed images or for selected parts only.

The sheet element is being moved with respect to the surface inspection
system with a speed in the order 1 to 15 m/s. In order to allow a determination of
the position in the x direction with the desired precision, it is preferred that the
camera Is adapted for capturing more than 10,000 line images/s and preferably

more than 40,000 line images/s.

The invention will now be described with reference to a preferred embodiment

which is shown In the enclosed drawings. In the drawings,

- Figure 1 schematically shows Iin a side view a surface inspection system
according to the invention employed in a quality control station of a sheet

element processing machine;

- Figure 2 schematically shows the surface inspection system of Figure 1 in

a top view;

- Figure 3 schematically shows the surface inspection system of Figure 1 In

greater detail;

- Figure 4 schematically shows different line images captured by the camera
of the surface inspection system, and the result of a comparison of the line

iImages;

- Figure 5 schematically shows the different line images captured by the

camera; and

- Figure 6 schematically shows how reconstructed images are being
generated based on the line images captured under different illumination

conditions.

In Figure 1, a quality control station 2 is schematically shown, which is
employed in a sheet element processing machine of which conveyor tables 3 can
be seen. The sheet element processing machine can process sheet elements 4
which are being transported in the direction of arrow A. The sheet elements 4 can
be sheets of paper, cardboard, plastic foil or a similar material, or they can be In
the form of a longer web. The sheet element processing machine can be a printing
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machine, a stamping machine, a laminating machine, a folding machine, a gluing

machine, etc.

The quality control station 2 is used for controlling the quality of the sheet
elements 4. In particular, the quality control station 2 is used for determining the
position of “glossy portions” on the surface of the sheet elements 4. “Glossy
portions” are portions with a highly reflective surface. Examples for such glossy
portions are holograms, foil and/or varnish present on the sheet element 4.

The quality control station comprises a surface inspection system 10. The
surface inspection system 10 comprises a camera 12, a dark-field illuminator 14,

a bright-field illuminator 16 and an image evaluation unit 18.

Camera 12 is adapted for capturing a line image of a viewing area (a line of
interest) 20 which extends perpendicularly to the direction A over the entire width
of the sheet element processing machine. It is arranged at an angle of approx. 20°
with respect to a median plane M which is perpendicular to the surface of the sheet

elements 4 within the viewing area.

Dark-field illuminator 14 is adapted for illuminating the viewing area 20. The
optical plane of the dark-field illuminator 14 is arranged at an angle of approx. 45°

with respect to median plane.

Dark-field illuminator 14 can generally be of any type. In a particular
embodiment, it comprises a row of LEDs arranged adjacent each other, and two
reflectors arranged opposite each other along the row of LEDs. This type of
illuminator can be used for illuminating the surface of the sheet elements 4 in the

viewing area 20 with an intensity which is constant despite variations in height.

Bright-field illuminator 16 is also adapted for illuminating the viewing area 20.
The optical plane of the bright-field illuminator 16 is arranged at an angle of approx.

30° with respect to the median plane.

Bright-field illuminator 16 can generally be of any type. In a particular
embodiment, it comprises several parallel rows of LEDs arranged adjacent each
other, with each row being adapted for illuminating viewing area 20. This type of
illuminator can be used in different applications for directing light in different

directions to viewing area 20.
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Further, a diffuser can be used for ensuring an even radiance when seen from

viewing area 20 in order to have an even bright-field illuminator.

In view of the fact that illuminator 14 is being used as a dark-field illuminator, it
IS arranged on the same side of median plane M as camera 12. llluminator 16
however Is, since it is being used as a bright-field illuminator, arranged on the
opposite side of median plane M. Depending on the particular circumstances, it is
possible to use only one of the different rows of LEDs, namely the one which has
its optical plane inclined with respect to median plane M by an angle close to 20°.
In other words, it is the row of LEDs which camera 12 could see under specular
reflection conditions on the surface of sheet element 4. As an alternative, several
rows of LEDs of bright-field illuminator 16 are being used, with the optical plane of
some of the rows being inclined at angles which are different from the angle at
which camera 12 is arranged with respect to median plane M.

The important point here is that the power of the dark-field illuminator 14 and
of the bright-field illuminator 16 is set or controlled such that the intensity of the
light reflected to camera 12 from a diffusely reflecting surface of sheet element 4
IS the same for both illuminators. In other words: the intensity of light originating
from bright-field illuminator 16, reflected on a diffusely reflecting surface of sheet
element 4 in viewing area 20 and then received by camera 12 is the same as the
intensity of reflected light originating from dark-field illuminator 14, reflected on the
same diffusely reflecting surface of sheet element 4 in viewing area 20 and then

received by camera 12.
The diffusely reflecting surface can be paper or cardboard.

For inspecting the surface of sheet elements moved through quality inspection
station 2, both illuminators 14, 16 are activated one after the other, and camera 12
captures a line image for each illumination situation. These line images are
evaluated by image evaluation unit 18. The line images can in particular be
subtracted from each other.

The method of determining the position of glossy surface portions on sheet
elements 4 will now be described with reference to Figure 4 which helps
understanding the basic principle underlying the subject image evaluation.
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Figure 4 schematically shows in the upper half line images which are being
captured by camera 12. In this example, each line image is shown to be twelve
pixels wide. In practice, a line image covering the entire width of the viewing area
20 will consist of several thousands to several ten thousands of pixels as camera
12 usually has a resolution, in the viewing area at the level of the surface of the
sheet elements, of the order of 0.05 mm to 0.3 mm and preferably of 0.1 mm.

The line images are here being captured in pairs, with the first line image |14 Is
being captured under dark-field illumination by means of dark-field illuminator 14,
and line image lis IS being captured under bright-field illumination by means of
bright-field illuminator 16. It obviously could be the other way around as well.

The maximum rate at which line images are being captures depends from the
rate with which the illuminators 14, 16 can be switched on and off. Rates of up to
80 kHz are possible. Accordingly, camera 12 captures 80,000 line images per
second.

The first pair of line images |14, l46 IS being captured from a surface in viewing
area 20 which is diffusely reflecting. As the power of both illuminators was adjusted
to result in the same intensity at camera 12, both line images are identical. This is
here indicated by the pixels of the line image being empty which signifies a low
intensity of captured light.

In the lower half of Figure 4, the result of an image evaluation performed by
iImage evaluation unit 18 is shown. Here, the line images are subtracted from each
other. Since the line images are identical, the result of the subtraction is zero for
each pixel. This is here indicated by empty pixels in subtracted image S;.

The second pair of line images li4, l1s IS being captured from a surface In
viewing area 20 which is diffusely reflecting for the majority of the width but which
has a highly reflective portion, e.g. a stamped metallic foil which here is four pixels
wide. The result is that camera 12 captures, when being illuminated by dark-field
Illuminator 14, even less intensity than before as the light is being reflected away
from camera. The pixels of line image |14 are accordingly empty. When however
being illuminated by bright-field illuminator 16, camera 12 captures a high intensity
as at least some of the light is directly reflected towards the camera. Accordingly,
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the four pixels where the stamped metallic foil reflects the light are shown black in

order to signify a high intensity.

When subtracting the two line images from each other, the result is again zero
for those pixels where were illuminated under diffuse reflection. For the pixels In
the area of the hologram however, the subtraction results in a high value (either
positive or negative, depending from the order in which the two line images are
being subtracted from each other). This high value is indicated by black pixels in

subtracted image So.

For the third pair of line images |14, l1s, the situation is the same as before; it is
here assumed that the stamped metallic foil has not yet completely passed through

the viewing area.

The fourth pair of line images |14, lis corresponds to a situation in which the
hologram has been completely moved through the viewing area 20 so that sheet
element 4 has a diffusely reflecting surface in viewing area 20. Accordingly, the
intensity of both captured line images is identical, and the result of the subtraction

IS zero for all pixels.

It is thus possible to determine where (both in the x direction and the y direction)
glossy surface portions are present on a sheet element being moved through

viewing area 20.

It can be understood that the term “same intensity under diffuse reflection” is
not to be understood in a mathematical sense. Due to tolerances, the intensity will
vary, and the intensity will also vary with the particular diffusely reflecting surface
which is being illuminated. “The same intensity” thus means that the intensity of
the light originating from either illuminator 14, 16 and reflected on a diffusely
reflecting surface is below a certain threshold which is chosen such that the
intensity of the light originating from the bright-field illuminator 16 and reflected
from a glossy surface being above this threshold. The threshold can be chosen
depending from the surfaces being inspected. As an example, a difference in
intensity < 1% can be chosen for varnish + foil while a difference < 10% can be

chosen for foil only.

Different thresholds can be implemented by adjusting the power of the LEDs or

by adjusting a coefficient applied to the captured line images.
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It is also possible to analyze the captured line images as regards their grayscale
intensity and to have the image evaluation unit analyze an image composed of

subtracted images as regards sudden changes of the grayscale intensity.

Based on Figure 4, it was described that the line images obtained under bright-
field illumination and the line images obtained under dark-field illumination are
compared line by line. In practice, from the interlaced line images captured under
the different illumination conditions, a reconstructed BFI image (reconstructed
iImage consisting of the line images captured under bright-field illumination) and a
reconstructed DFI image (reconstructed image consisting of the line images
captured under dark-field illumination) will be created, and these images will be

analyzed by the image evaluation unit.

Figure 5 schematically shows the interlaced line images |14 (shown in normal
lines) and |16 (shown In dotted lines) captured by the camera. Here, only ten of the
ine images of each illumination condition are shown. In practice, several
thousands of line images li4, li6 are being captured for each sheet element 4.
Assuming that 4,000 line images |14 and 4,000 line images lis are being captures
for one sheet element 4 and that camera 12 is able to capture 80,000 line images
per second, then ten sheet elements 4 per second can be processed.

Figure 6 schematically shows how a reconstructed DFI image 40 Is
reconstructed from the line images |14 and how a reconstructed BFIl image 50 is

reconstructed from line images ls.

Should camera 12 capture line images under more than the two illumination
conditions which are described here (BFI and DFI) and shown in Figure 5, then the
data captured by camera 12 would consist of three or more types of interlaced line
iImages, and three or more reconstructed images would be reconstructed (one for

each illumination condition).

Image evaluation unit 18 processes the reconstructed images 40, 50 (either
entirely or in those portions which are of interest) in order to detect an item of
interest. Here, the reconstructed images 40, 50 are compared in order to identify

reflective surface portions.

It can occur that surface portions of the sheet element 4 which are not

perpendicular to median plane M result in light being reflected towards camera with
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such an intensity that the threshold is surpassed. This results in a false reading
(“artifact”) which can be identified by the image evaluation unit 18 because of its
dimensions Iin the x direction; artifacts have length which is less than the usual
length of surface portions with a highly reflective surface.

The surface inspection system 10 can be calibrated. This can be done either
by placing a wide target in viewing area 20 or by moving a smaller target along the
entire width of viewing area 20.

In addition, each LED or each group of LEDs is energized at an adjusted level
along each illuminator to provide the same signal on the target along the width of

viewing area 20.

The calibration is either used to adjust the operating power of the LEDs or to
appropriately set the coefficient applied to the captured line images.
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Claims

1. A surface inspection system (10) for inspecting the surface of sheet
elements (4) present in an inspection area (20), comprising an image evaluation
unit (18), a camera (12), a dark-field illuminator (14) and a bright-field illuminator
(16), the image evaluation unit (18) is adapted for subtracting a line image captured
under bright-field illumination conditions from a line image captured under dark-

fleld illumination conditions.

2. The surface inspection system of claim 1 wherein the camera (12) is a line

camera.

3. The surface inspection system of claim 1 or claim 2 wherein the dark-field
illuminator (14) comprises a single row of LEDs along which two oppositely

arranged reflectors are provided.

4. The surface inspection system of any of the preceding claims wherein the
bright-field illuminator (16) comprises a plurality of rows of LEDs which are

arranged in parallel.

5. The surface inspection system of any of the preceding claims wherein the
intensity of the light originating from the dark-field illuminator (14) being, at the
camera (12), the same as the intensity of the light originating from the bright-field
illuminator (16) when a sheet element (4) is being inspected which has a diffusely

reflecting surface.

6. The surface inspection system as defined in any of the preceding claims
wherein the optical plane of the dark-field illuminator (14) is arranged at an angle
of approx 45° with respect to a median plane (M) which is perpendicular to the

orientation of the viewing area (20).

/. The surface inspection system as defined in any of the preceding claims
wherein the optical plane of the bright-field illuminator (16) is arranged at an angle
of approx 30° with respect to a median plane (M) which is perpendicular to the

orientation of the viewing area (20).

8. The surface inspection system as defined in any of the preceding claims

wherein the viewing plane of the camera (12) is arranged at an angle of approx.
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20° with respect to a median plane (M) which is perpendicular to the orientation of

the viewing area (20).

9. The surface inspection system of any of the preceding claims wherein the
camera (12) has a resolution, at the surface of the sheet element (4) to be

iInspected, in the range of 0.1 to 0.6 mm and preferably in the order of 0.3 mm.

10. A method of identifying reflective surface areas on a sheet element (4)
being moved through a sheet element processing machine, in particular by using
the system as defined in any of the preceding claims, wherein first a line image
(l16) of the surface of the sheet element (4) Iin the viewing area (20) is being
captured under bright-field illumination conditions and a line image (l14) of the same
surface of the sheet element (4) in the viewing area (20) is being captured under
dark-field illumination conditions, and wherein then the two line images (l14, l16) are
being compared, for example subtracted from each other, wherein the surface is
identified as being reflective if the difference (Sn) between the two line images (l14,

l16) iIs above a predefined threshold.

11. The method of claim 10 wherein the two line images (l14, l16) are compared
as regards their intensity.

12. The method of claim 10 or claim 11 wherein the line images (l14, l1s) are

compared pixel by pixel.

13. The method of any of claim 10 to 12 wherein a reconstructed image iIs
being created based on the line images captured under dark-field illumination and
wherein a reconstructed image is being created based on the line images captured
under bright-field illumination conditions, and wherein reflective surfaces are being

identified by comparing the reconstructed images.

14. The method of any of claims 10 to 13 wherein the camera (12) is adapted
for capturing more than 10,000 line images/s and preferably more than 20,000 line

iImages/s.

15. The method of any of claims 10 to 14 wherein the sheet element (4) Is
being moved with respect to the surface inspection system (10) with a speed in the
order 5 to 15 m/s.
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16. The method of any of claims 10 to 15 wherein the inspected sheet

elements (4) at least partially have a reflective surface.
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