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Title: Method and apparatus for detecting glass particles in
glass bottles filled with beer
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The present invention relates to a method and an
apparatus for detecting glass particles in glass bottles
filled with a beverage such as beer.

Various methods for detecting foreign particles in a
fluid contained in a transparant container have already been
proposed. An important category of such methods uses at least
one camera to obtain an image from the container and its
contents, and an image processing technique is used to process
the image obtained by the camera in order to determine whether
or not foreign (i.e. unwanted) particles are present in the
fluid. In order for the image processing facilities to be able
to distinguish between an image obtained from the container on
the one hand, and an image obtained from a particle in the
fluid, a specific spin/stop technigue has been proposed.
Herein, the container is firstly made to rotate about its
longitudinal axis with a rotation speed and for a time
sufficient to cause the fluid in the container to rotate with
the container {referred to as "spin"). Secondly, the rotation
of the container is abrubtly stopped; the fluid, however,
continues to rotate. Subseguently, two images of the container
and its contents are obtained, and these two images are
subtracted from each other. Since the rotation of the
container has stopped, the details in the images which
originate from the container will be identical in both images,
and will cancel each other by subtraction. On the other hand,
the details in the images which originate from the fluid, or
from foreign particles in the fluid, will be displaced with
respect to each other in both images, such that they will
remain visible after subtraction.

For obtaining an image of the container and its contents,
various setups have been proposed.

Some of these techniques can be considered as "transmission
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mode": herein, light from a light source travels through the
container under investigation, and the camera is disposed
opposite to the source, such that the axis of the camera makes
an angle of 180° with the axis of the light source.

Other techniques can be considered as "reflection back mode”:
herein, light from a light source is reflected back by the
container and its contents to a camera which is disposed
adjacent to the light source, such that the axis of the camera
makes a small angle, usually in the range of 0° to 30°, with
the axis of the light source.

A variant of these latter techniques can be considered as
"reflection sideways mode": herein, light from a light source
is reflected sideways back by the container and its contents
to a camera which is disposed such that the axis of the camera
makes an angle of substantially 90° with the axis of the light
source.

Methods of the above indicated types have been utilized
with varying degrees of success in a number of fields, such as
the pharmaceutical industry. The present invention is directed
to the field of beverages in bottles, and more particular
bottles filled with beer. Hereinafter, the invention will be
explained with reference to beer, but it is to be kept in mind
that the same problems and the same solutions are applicable
to other beverages, such that the scope of the invention also
extends to such beverages.

An important aspect in the guality control when producing
bottles filled with beer is detecting the presence of glass
particles. It will be evident that the presence of glass
particles in a beverage intended for human consumption is
unacceptable, and a bottle containing such particles is to be
considered as waste. Even though quality control has been a
matter of constant attention in this field, none of the
methods of the types described above have proved to be
successful in a sufficient degree in the detection of small
glass particles in beer. Especially very small particles, in
the order of 0.2 mm, have proved to be very difficult to
detect: known methods and apparatus do not detect these
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particles with a satisfying deqree of certainty and
reliability.

The cause of the unsatisfying performance of the methods
and apparatus as available today can be attributed to a number
of problems which are specifically involved with bottles of
beer.

A first category of problems relates to the shape of the
bottles. The bottom of a beer bottle, as seen from the inside
of the bottle, is not flat or concave, such as in ampules as
used in the pharmaceutical or medical field, but is convex.

In other words, when the bottle stands upright, its botton
surface has the shape of a hill centered in the bottle.
Because of this shape, glass particles tend to collect near
the edge of the bottom, i.e. in the corner defined between the
foot of said hill and the side wall of the bottle. In this
position, glass particles are very difficult to detect in view
of the optical characteristics of this portion of the bottle.
On the one hand, the glass is curved relatively sharply in
this area. On the other hand, the outside bottom is provided
with a specific profile near the circumference, referred to as
*knurling", and the bottle shows scuff marks in the lower part
of the outside sidewall, often to such extent that this
portion of the wall may ultimately be rendered untransparent
for the purposes of imaging. This may be further exacerbated
by the presence .of mould marks from the bottle forming
process.

A second category of problems relates to the nature of
the fluid in the bottle. Beverages such as beer contain a
certain amount of dissolved gas, usually CO;, which causes
bubbles to be generated when the fluid is disturbed. These
bubbles tend to interfere with the optical detection methods.
It will be evident that the detection methods should be able
to discriminate between unwanted glass particles and CO»
bubbles, or otherwise too many "correct" bottles will be
rejected due to perfectly harmless objects, such as for
instance CO; bubbles or other dissolved gases.
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It is a general object of the invention to provide
improved method and apparatus with an improved detection
efficiency and reliability for glass particles in bottles
filled with a beverage such as beer, in which the above-~
mentioned problems are overcome.

More particularly, it is an object of the invention to
provide such detection method and apparatus suitable for
detecting glass particles as small as 0.2 mm. Preferably, the
method and apparatus should be able to detect glass particles
in the range of 0.2 mm to 10 mm (or larger). In this respect
it is observed that the upper limit of the size of the
particles which can be expected to be present in bottles at
all, is determined by the diameter of the mouth of the bottle.

Yet more particularly, it is an object of the invention
to provide such detection method and apparatus capable of
meeting the above demends, also suitable for implementation in
a production line for producing filled bottles in a product
plant without affecting the production speed in a negative
way. _

It is a further object of the invention to fulfill the
above requirements in a cost-efficient way.

The above objectives are attained by the method and
apparatus as defined in the claims.

The above-mentioned and other aspects, features and
advantages of the present invention will become more apparent
from the following description of a preferred embodiment with
reference to the drawings, in which:
figure 1 schematically illustrates a setup for detecting glass
particles in a bottle of beer according to the invention;
figure 2 is a timing diagram, illustrating the actions
according to the present invention;
figure 3 is a schematical top view of a detection apparatus
incorporated in a production line;
figure 4 is a schematical side view of a carousel, which
schematically illustrates a method of data transfer;
figure 5 is a schematical side view of a carousel, which
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schematically illustrates a preferred method of data transfer:;
figure 6A-B illustrates a cost efficient embodiment for the
image processing scheme.

Figure 1 schematically shows a beer bottle 1 having a
central body axis 13, a neck portion 2, a substantially
cylindrical side wall 3, and a bottom 4. A lower portion 5 of
the side wall 3 usually has scuff marks, which reduce the
optical quality of the glass in this portion; this lower
portion 5 will also be referred to as “scuff portion”.

A central part 6 of the bottom 4 is convex to the inside of
the bottle 1, i.e. it has the shape of a small hill; this
central part 6 will also be referred to as "hill portion". The
bottom 4 has a rim 7, the underside of which is provided with
a profile or “knurling” B. At this rim 7, said hill portion 6
of the bottle 1 meets the scuff portion 5 of the bottle 1,
defining a corner 9. The bottle 1 is filled with beer 10,
which may contain CO; bubbles 11.

Figure 1 shows the beer bottle 1 at an inspection station
20 for inspecting the bottle 1 on the presence of glass
particles 12. The inspection station 20 comprises a machine
subframe 21. The bottle 1 is firmly held stationary with
respect to the subframe 21, by holding means which are
generally indicated at 22, which engage the neck portion 2 of
the bottle 1. The construction of these holding means 22 is
not critical to the present invention, and detailed knowledge
thereof will not be necessary for a skilled person for
understanding the present invention; therefore, these holding
means 22 will not be discussed in greater detail.

The inspection station 20 comprises an illumination
device 30 fixed to the subframe 21 by any suitable fixing
means 23. The illumination device 30 is adapted to generate a
bundle of visible light 31 and to direct this bundle 31 to the
bottom 4 of the bottle 1 in a direction 32 which substantially
is aligned with the central axis 13 of the bottle 1. The width
of the bundle 31 is sufficient to illuminate the hill portion
6, and preferably is sufficient to illuminate the bottom 4
completely. The nature and construction of this illumination
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device 30 is not critical to the present invention, and
detailed knowledge thereof will not be necessary for a skilled
person for understanding the present invention; therefore, a
detailed description of this illumination device 30 is
omitted. Suffice it to say that the illumination device 30 may
comprise a bright light source 33, such as a laser or a
halogen lamp, and optical means 34, 35 for shaping and
directing the light bundle 31, such as a lens 34 and a mirror
35.

The inspection station 20 further comprises a camera
means 40, preferably a CCD-camera. The camera 40 is fixed to
the subframe 21 by any suitable fixing means 24. Thus, and
according to an important aspect of the present invention, the
bottle 1 is held firmly stationary with respect to the camera
40. The camera 40 has an optical axis 41 which, according to a
further important aspect of the invention, makes an angle o in
the range of 120° to 150° with the direction 32 of the bundle
31. Preferably, this angle a is substantially equal to 135°,
as illustrated in figure 1. The optical axis 41 of the camera
40 intersects the central axis 13 of the bottle 1 at a point S
which is located near the top of the hill portion 6. In
practice, this intersection point S may be located a short
distance above the top of the hill portion 6, as illustrated.
Preferably, the camera 40 is set such that the focal point or
focal plane substantially coincides with said intersection
point S. Optics may be chosen to ensure a relatively long
depth of field in the direction of the optical axis of the
image capturing configuration, wherein the depth of field may
be chosen in relation to the dimensions of the bottle 1.

It is observed that the camera 40 itself may be disposed
at a different place and/or under a different angle, while the
optical axis of the camera may be directed to the bottle 1 in
the way as shown by means of optical means such as mirrors.
However, in order to eliminate the influence of possible
machine vibrations as much as possible, such optical
deflection means are not preferred; instead, it is preferred
that the camera 40 receives light from the bottle 1 directly,
i.e. without any intermediary optical deflection means.
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It is further observed that, in order to prevent as much
as possible the occurence of vibrations of the bottle 1 due to
the influence of possible machine vibrations, the underside of
the bottle 1, for instance the scuff portion 5, may be
supported with respect to the subframe 21 by any suitable
support means, which, however, is not illustrated in figure 1
for the sake of simplicity.

The above-mentioned setup of the inspection station 20
offers important advantageous features, which promote that
glass particles 12, if any are present, will be detected by
the camera 40 with preference. This can be understood as
follows. Normally, light 31 will pass the bottom 4 of the
bottle 1 undisturbed, i.e. no light, or at most a very small
fraction of the light, will be refracted im the direction «,
i.e. towards the camera 40. Further, only little light will
impinge on the wall 3 at the location where the wall 3 is
intersected by the optical axis 41 of the camera 40, so the
wall 3 itself will send virtually no light at all towards the
camera. In fact, the camera 40 "looks™ to the top of the hill
portion 6 without being disturbed by possible scuff marks,
because the optical axis 41 of the camera 40 intersects the
wall 3 at a point well above the scuff portion 5, and further
without being disturbed by possible bubbles 11, because any
bubbles 11 in the beer 10 will tend to drift upwards, out of
the zone "seen” by the camera 40. Therefore, under normal
circumstances, virtually no light will reach the camera 40,
i.e. the camera generates a "dark" image. At worst, the camera
40 will receive only very weak light signals originating from
the bottle 1.

On the other hand, solid particles such as glass
particles will tend to collect near the bottom 4 under the
influence of gravity. Glass particles are capable of
refraction, i.e. to allow a light ray to pass yet altering its
direction by refraction when such light ray crosses the beer-
glass interface and subsequently crosses the glass-beer
interface. By virtue of this refraction capability, some of
the light impinging on the glass particle may be deviated over
45° from its original direction, in the direction towards the
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camera 40, in which case the camera 40 receives a strong light
signal. In other words, the invention advantageously utilizes
an optical feature of glass particles, i.e. the capability of
refraction, for stimulating that substantially only light
signals originating from glass particles will reach the camera
40. as a result, glass particles 12 cause a stronger signal at
the camera 40 than bottle portions do. This technique can be
considered as "refraction mode”.

As mentioned above, the bottle 1 is kept stationary with
respect to the camera 40. In contrast, the beer 10 in the
bottle 1 is caused to perform a rotation in the bottle 10, as
will be explained in more detail. Due to this rotationary
motion of the beer 10 in the bottle 1, glass particles 12, if
present, will be caused to follow a rotationary path within
the bottle 1. An important aspect in this respect is that such
particles move with respect to the camera 40. Consequently, in
two successive images obtained by the camera 40, such
particles will have different positions. Such two images can
be processed, for instance by subtraction, which eliminates
the stationary image contributions originating from the
stationary bottle, while the image contributions originating
from the moving particles are highlighted.

Such a technique is known per se. However, the accuracy
of this technique is improved in accordance with the present
invention. In view of the fact that detection is performed in
the refraction mode, as characterized by the orientation angle
a of the camera, image contributions originating from the
bottle in principle are weaker than image contributions
originating from glass particles. Further, in view of the fact
that the camera 40 locks primarily to the region in the
immediate wicinity of the top of the hill portion 6 of the
bottom 4, while avoiding the scuff portion 5 of the bottle
wall 3, the numbexr of image contributions originating from the
bottle will be relatively small, while further CO; bubbles 11
will generate substantially no image contributions because
these bubbles tend to migrate upwards, away from the field of
view of the camera. As a result of these facts, in combination
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with the fact that the bottle 1 is kept rigidly stationary
with respect to the camera 40, image contributions which do
not originate from glass particles are eliminated from the
images by the subtraction technique to a larger extent than in
prior art technigues. In turn, this implies that the detection
technigue of the present invention is more sensitive to small
particles (particles as small as 0.2 mm or even smaller) than
prior art techniques.

As mentioned above, the bottle 1 is held stationary in
the station 20, and the beer 10 in the bottle 1 has a
rotationary motion with respect to the bottle 1 when the
bottle 1 is in the station 20. The beer 10 has obtained this
motion by means of the spin/stop~technique which is known per
se: the bottle 1 is made to rotate by means of a rotating
device, and subseguently the rotation of the bottle 1 is
stopped. The rotating device may grab the bottle 1 by the neck
portion 2; alternatively, the rotating device may comprise a
belt system with belts acting on the side wall 3 of the
bottle. However, the construction of the rotating device is
not a subject of the present invention, and knowledge thereof
is not necessary for a skilled person in order to understand
the present invention. Moreover, such rotating devices are
known per se. Therefore, the constructional details of a
rotating device are not described in detail, and the rotating
device is not illustrated in the drawings for the sake of
simplicity.

When spinning the bottle 1, the spinning bottle 1 acts on
the beer 10 such as to impart a rotationary flow on the beer.
Now, two effects occur which are worth mentioning. First, the
flowing beer induces movement of the glass particles 12, if
such are present. Second, CO; bubbles 11 may be generated in
the disturbed beer 10.

The path of the moving glass particles 12 in the bottle 1
is relatively complex, because each.glass particle is
subjected to three forces:

* the drag force executed by the rotating beer will force the
glass particles to follow a path of revolution around the axis
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- the centrifugal force will force the glass particles
towards the side wall 3 of the bottle 1;

- the gravity force will force the glass particles downwards,
towards the bottom 4.

As a result, the glass particles will tend to collect in
the corner 9, where at least the smaller particles (ca.

0.2 mm) are virtually invisible. In order to make also these
small glass particles visible to the camera 40, they must be
forced to move towards the centre of the bottom 4, i.e. they
must *climb* the hill portion 6. The force responsible for
such a movement is generated when the rotational movement of
the beer slows down, and is generated by a flow in the beer
which occurs due to the pressure difference between the fluid
near the wall 3, where the fluid level and hence the fluid
pressure is higher, and the fluid near the axis 13, where the
fluid level and hence the fluigd pressure is lower. Said flow
should be suffiéiently strong for forcing the small glass
particles uphill; on the other hand, said flow should be not
so extremely strong that glass particles, when they reach the
axis 13, are forced upward and mix with the CO; bubbles.
Preferably, the glass particles should migrate relatively
gently toward the center of the hill portion 6, while at the
same time the CO; bubbles are allowed to float upward and
leave the field of view of the camera. It is noted that,
generally speaking, the larger particles need not necessarily
be moved up the hill, at least not completely, because they
produce relatively strong signals which are well visible, even
when such particles are situated in the corner 9.

With respect to the generation of CO; bubbles, the
invention seeks to perform the spin/stop technigue in such a
way, that as little CO; bubbles as possible are generated.

In the following, the improved spin/stop technique
according to a preferred embodiment of the invention, which
attaines the above objectives, will be described with
reference to figure 2, in which the abscissa represents the
time (t), and the ordinate represents the spin speed (w).
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The spin/stop technique is preferably executed as
follows:
1) At t = tg, the bottle is accelerated with a substantially
constant acceleration to a spin speed of 1000 revolutions per
minute; this acceleration takes about 0.1 seconds. This phase
is indicated as "acceleration phase A".
2y At t = t;, the accelaration is stopped, and the spin
speed is maintained constant at 1000 rpm for about 0.7 sec.
This phase is indicated as "constant phase C".
3) Starting at t = t;, the bottle is brought to a stop with
a substantially constant deceleration in about 0.1 seconds.
This phase is indicated as “"deceleration phase D".
4) After the bottle has come to a stop (t3), possible glass
particles are allowed some time t, to migrate up the hill
portion 6, while the CO; bubbles are allowed some time to
float upward, before starting any measurements. This phase is
indicated as "wait phase W". A suitable waiting time t,, is
about 0.2 sec.

As mentioned above, the camera 40 obtains at least two
images, and these two images are compared with each other; for
instance, these images are subtracted from each other. The
camera may be a TV-camera, but preferably is a CCD-camera. For
the further processing of the images obtained by the camera
40, an output of the camera 40 is coupled to an image
processing device 50, which may be a standard image processing
device or a suitably programwed computer. Since the nature and
the construction of the image processing device 50 are not the
subject of the present invention, and knowledge thereof will
not be necessary for a skilled person for understanding the
present invention, while further such image processing devices
are known per se, this will not be discussed in further
detail.

It will be evident to a skilled person that such image
processing device 50 is able to "recognise" moving objects by
comparing subsequent images. The object will be visible on
only one of the images, or it will be visible on both images
Yet displaced; in both cases, subtracting the images will
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yield a strong object signal. However, experiments have shown
that small glass particles, even if they are present in the
field of view of the camera, do not necessarily at all times
refract incoming light in such a way that outgoing light
travels towards the camera. In other words: small glass
particles appear not to be visible at all times.

According to the invention, this is understood as
follows. The direction of the outgoing ;ight depends on the
shape of the glass particle and on the orientation of the
glass particle with respect to the incoming light; due to the
movement of the glass particle, said orientation changes, and
therefore the direction of the outgoing light changes. It
might be said that the light beam(s) emanating from such a
moving glass particle "sweep” through space, now and then
*hitting" the camera. If the images offered to the image
processing device are obtained at moments in time when none of
the light beams emanating from such a moving glass particle
"hit® the camera, the particle is not detected. It is believed
that a similar phenomenon plays a role in prior art
techniques, and is at least partly responsible for the
unsatisfying performance of prior art techniques in detecting
small glass particles, especially those particles in the range
of 0.2 mm -~ 1 mm.

Based on the above-mentioned insight, the method for
detecting glass.particles according to the present invention
has an improved detection reliability because the cycle of
obtaining two images and comparing these two images is
performed more than once. This is also illustrated in figure
2, where the moments in time where images I, I,, I3, etc. are
provided are indicated as tii, tiz, ti3, etc. respectively.
This phase is indicated as "repeated measurement phase RM".

In a preferred embodiment, which has proved to combine an
excellent detecting reliability with an acceptable measuring
time, said cycle is performed about 20 times. In each
detecting cycle, comparing said two images yields a compared
signal which is indicative for the presence of moving objects
in the field of view of the camera. A bottle under
investigation is rejected if in at least one of said detecting
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cycles the compared signal does indicate the presence of at
least one moving object.

Thanks to said repeated detecting cycle, the chances that
a particle is invisible to the camera in all images are
decreased substantially.

Because of said repeated detecting cycle, the measuring
time which is to be spent on any bottle under investigation is
relatively long: in the order of about 1 sec. As mentioned
above, during this measuring time the bottle under
investigation must be held completely stationary with respect
to the camera. In view of the fact that the invention relates
to a health aspect, every bottle as produced by a production
line is to be inspected for the presence of glass particles.
On the other hand, the detection method should preferably be
performed in such a way that the production capacity of such a
production line is not decreased. At first sight, these
requirements conflict with each other. However, the invention
provides an apparatus for performing the detecting method,
which meets all of said requirements.

According to the invention, a detecting apparatus 100
comprises a plurality of detecting stations 20. Each of said
detecting stations 20 comprises a camera 40 as described
before, and is capable of accepting a bottle 1 at an entrance
position 101, holding the bottle 1 for inspection, and
delivering the inspected bottle 1 at an exit position 102. In
a preferred embodiment, as illustrated in figure 3, the
subframes 21 of the stations 20 are mounted on a second
subframe 103 which is rotatably mounted with respect to the
fixed world. The second subframe 103 can have the shape of a
disk or a wheel, for instance, and will hereinafter be
referred to as "carousel". The carousel 103 and the subframes
21 can be formed integrally as a single unit. The carousel 103
is rotated by means of rotation drive means which are not
illustrated for the sake of simplicity.

Figure 3 depicts schematically a part of a production
line 200 for £illing bottles 1 with beer. The filled bottles 1
are transported by a transportation means 201 to reach a
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spin/stop station 110, where the bottles 1 are spinned and
subseguently halted, as described before. After the spin/stop
station 110, the bottles 1 are fed to the entrance position
101 of the carousel 103, where they are introduced into
respective measuring stations 20 by means of transfer means
210. From the entrance position 101, the station 20 with the
bottle 1 follows part of the orbit around the rotational axis
104 of the carousel 103, to reach the exit position 102, where
by means of a second transfer means 220, the bottle 1 is
removed from the station 20 and transferred to a
transportation means 202 for further handling. A reject
station 120 is arranged, which is controlled by a control unit
130. The control unit 130 receives information from the image
processing units 50, and controls the reject unit 120 for
rejecting or passing bottles 1 based on the information
obtained from the image processing units 50.

Because of the above arrangement, every bottle 1 can be
investigated during a specific time during its stay on the
carousel 103, while the number of bottles passing the carousel
103 per unit time is identical to the number of bottles
produced by the process line 200 per unit time. In other
words, the capacity of the process line 200 is unaffected.

In a preferred embodiment, the number of stations 20 per
carousel is 24. For accomodating a measuring time of 0.7 sec,
while allowing for a non-measuring time of about 0.7 sec,
including input and output transfer times, the carousel 103
can have a rotation speed of around 43 revolutions per minute.
Thus, the apparatus 100 according to the invention is capable
of inspecting more than 60,000 bottles per hour. The above is
based on a carousel diameter of about 85 cm, which can
acceptably be accomodated in existing process lines.

For increasing the capacity of the apparatus 100, it is
possible to increase the number of cameras per carousel; this
will lead to an increase in the diameter of the carousel 103.
As an alternative, one might increase the number of carousels.
In this respect it is noted that, under the above-indicated
circumstances, the spin-speed suitably has a value of about
1000 rpm, as mentioned. Should, however, a shorter or longer
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input transfer time appear to be necessary, the spin-speed may
be adapted to optimise the flow characteristics of the
fluid/particles in the bottle during the inspection time
window.

The carousel 103 comprises a plurality of cameras 40 and
a plurality of image processing units 50, each image
processing unit 50 being dedicated to and connected to one
camera 40. Power can be supplied to these instruments on board
the rotating carousel 103 by means of slip contacts, as is
known per se. The central processing unit 130 is arranged
stationary, and is connected to the reject unit 120. It will
be evident that the image processing units 50 can not be
connected directly to the central control unit 130 for signal
transfer; coupling by means of slip contacts is not preferred.
According to the invention, the communication path between the
image processing units 50 and the central control unit 130
comprises a wireless path.

In a possible embodiment, as schematically illustrated in
fiqure 4, the image processing units 50 communicate with the
CPU 130 by means of radio signals 52, which can be, for
instance, frequency modulated, as is known per se. Each image
processing unit 50 is associated with a transmitter 51 for
transmitting suitably coded signals representing the “verdict”
of the IPU 50 regarding the bottle 1 under investigation, and
above the carousel 103 a receiver (antenna) 131 is arranged
which is connected to an input of the CPU 130. The CPU 130
"knows" when this bottle 1 reaches the reject station 120,
and, if necessary, sends a suitable reject signal to the
reject station 120 for rejecting the bottle 1. The CPU 130
recognizes the identity of the different IPUs 50, for instance
because each IPU's transmitter 51 uses an individual carrier
frequency. It is also possible that the different IPUs are
adapted to send their data after each other, so that at any
moment in time at most one of the IPUs 50 is sending.

In a preferred embodiment, as schematically illustrated
in figure 5, the image processing units 50 communicate with
the CPU 130 by means of optical signals. The carousel 103 may
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suitably comprise an optical wave guide 132 which is mounted
at the center of the carousel 103, coaxially with the
rotational axis of the carousel 103. The optical wave guide
132 may be fixed with respect to the fixed world, i.e. the
optical wave guide 132 may be arranged stationary, or the
optical wave quide 132 may be fixed with respect to the
carousel 103, i.e. the optical wave guide 132 may be arranged
rotationary. Normally, the entrance side of the optical wave
guide 132 will be the upper end. Each image processing unit 50
is provided with an optical transmitter 53 for sending optical
signals into the optical wave guide 132. Opposite the other
end of the optical wave guide 132, an optical receiver 133 is
arranged stationary; this optical receiver 133 is connected to
the CPU 130.

Again, the IPUs 50 may be adapted to send their data
separated in time. It is also possible that the IPUs 50 send
their data simultaneously via parallel paths, through one
optical wave guide 132 or through parallel wave gquides.
Transmission by parallel wave guides is possible, for
instance, by using ring-shaped detectors 133 arranged
coaxially.

The wave guide medium may be, for instance, glass or air.

It is to be noted that the invention is not restricted to
the above-mentioned exemplary signal transfer methods, and
that other signal transfer methods, as will be apparemt to
skilled persons, may be used in the present invention, too.

As mentioned above, each bottle 1 is viewed by a camera
40, and each camera 40 is associated with an image processing
unit 50. In the embodiment as described above, each camera 40
is associated with its own, dedicated IPU 50, According to a
further aspect of the invention, it is possible to reduce the
costs of the detecting apparatus by having two or more cameras
40 share one image processing unit 50. Thus, in an embodiment
comprising 24 cameras, when two or four cameras 40 are
connected to one and the same IPU 50, the number of IPUs on
the carousel 103 need only be 12 or 6, respectively. In the
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following, some examples for cost reduction in this respect
will be explained.

Because of the viewing angle of the camera 40, the scene
of interest (i.e. the bottom half of a bottle 1) only takes a
relatively small portion of the height of the image as
produced by the camera 40. Thus, it is possible to project two
of such scenes above each other in an image, as illustrated in
figure 6A. In order to achieve this effect, the output signals
of two cameras 40;, 40 are fed to a multiplexer 60 which
combines these two signals into a combined signal representing
a combined image 61, such that the top half of the combined
image 61 comprises the scene of interest of the first camera
40; while the bottom half of the combined image 61 comprises
the scene of interest of the second camera 40;.

The combined signal of the multiplexer 60 is fed to one
image processing unit 50, which processes the signal as
described before. In case a signal representing a glass
particle is detected, the IPU 50 checks whether this signal is
in the top half or in the bottom half of the image 61, in
other words it investigates which camera and thus which bottle
this signal is associated with, and sends the relevant
information to the CPU 130,

A similar technique can be adapted for projecting two
scenes of interest next to each other on one image. Combining
such techniques as mentioned above results in four scenes
being projected onto one image, which results in a reduction
of the costs involved with the IPUs 50 by a factor four. This
in turn simplifies the communication between the IPUs 50 and
the CPU 130, because the required number of communication
signals is likewise reduced.

It is noted, in this respect, that a multiplexer per se
is already known, for instance for use in closed circuit
television systems in order to have a plurality of images (as
provided by a plurality of cameras) displayed on one monitor,
as will be clear to persons skilled in the art. Also, in cable
television systems, it is known to display the images of a
plurality of channels on one screen (mozaic channel}).
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Therefore, a detailed description of the multiplexer is
omitted here.

A further cost reduction in this respect is possible if
each camera 40 is only actively involved in investigating a
bottle 1 during half (or less) of the revolution cycle of the
carousel 103, as illustrated in figure 3. If such is the case,
a camera 40p radially opposite an active camera 40, will be
inactive. According to the invention, these two opposite
cameras 40, 40p can share an image processing unit 50. As
illustrated in figure 6B, the signals of two opposite cameras
405, 40p are fed to a selector 70, which has position inputs
71 coupled to receive information regarding the position of
the carousel 103. In a relatively simple embodiment, each
camera 40p, 40p is associated with a switch 72,, 725 which
cooperates with a reference actuator 73 {mechanically,
optically, electro-magnetically, etc) arranged stationary
adjacent the carousel 103 at a position near the entrance
position 101. Bach time the selector 70 receives a signal at
his position input 71, 71y, it selects the signal of the
corresponding camera 40, 40p and passes this signal to the
image processing unit 50, the signal of the opposite camera
40, 40, being ignored.

By combining the above-mentioned techniques, a carousel
having 24 cameras needs only have 3 image processing units.

The invention also provides a reduction of the memory
size necessary for the image processing units for being able
to process the signals from the cameras, as will be explained
in the following.

As is well known in the art, TV cameras generate a signal
which describes an image by means of scan lines in an
interlaced manner. An image is representated by a large number
of horizontal lines, which can be numbered successively as 1,
2, 3, 4, etc. from top to bottom. However, these lines are not
scanned in this order. A first half-image (odd half-image) is
formed by successively scanning the odd lines 1, 3, 5, 7, etc;
in European cameras, this takes about 20 ms. Subsequently, a
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second half-image (even half-image) is formed by successively
scanning the even lines 2, 4, 6, 8 etc. Thus, scanning the
complete image information takes about 40 ms. After this, the
above mentioned process is repeated.

In the following, the number of lines in the image will
be indicated by L, and the number of picture elements {pixels)
in each line will be indicated by P. Ordinarily, for
performing the comparison technique between subsequent images,
an image processor needs a memory of at least LxP memory
elements. This memory is firstly filled with the scanned
information of a first image, i.e. both the odd half-image and
‘the even half-image of the first image. Then, the first pixel
of the first line is scanned again; just before this
informatation is stored into the corresponding memory element,
it is compared with the information already present therein.
This process is repeated for all pixels of the first line,
then for all pixels of the third line, etc. After 40 ms, a new
image will have been stored in the memory, and the comparison
with the previous image will then have been completed. It can
easily be seen, that the comparison process thus takes 40 ms
(or the bottles are investigated with an investigation
frequency of 25 Hz).

According to the invention, it is possible to reduce the
memory needed to %xLxP, and to reduce the time for the
comparison process to 20 ms (or increase the investigation
frequency to 50 Hz), by performing an interlaced comparison,
as follows. First, the odd half-image of the first image is
stored in the memory, which takes about 20 ms. Then, the first
pixel of the second line is scanned, and stored in the memory
element where previously the first pixel of the first line was
stored. However, just before storage, the first pixel of the
second line is compared with the average of the first pixel of
the first line and the first pixel of the third line. This
process is repeated for all pixels of the second line, then
for all pixels of the fourth line, etc. After 20 ms, the
second half-image will have been stored in the memory, and the
comparison with the previous half image will then have been
completed. T ' ;
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It can easily be. seen that the comparison process thus
takes 20 ms. It can further easily be seen that the inspection
process of one bottle can be performed 50 times in one second.

In other words, on a pixel-by-pixel base, a new image is
not really compared with the previocus image but a half-image
is compared with an estimate based on the previous half-image.
However, this comparison process does obtain reliable results,
thanks to the fact that light emanating from stationary items
usually illuminates more than one pixel.

As will be evident to a person skilled in the art,
variations and modifications to the embodiment as described
will be possible without leaving the inventive concept or the
scope of protection as defined in the claims.

For instance, with respect to the embodiment as illustrated in
figure 6B, in case a camera is only actively involved in
investigating a bottle during a third, or a fourth etc. part
of the revolution cycle of the carousel 103, it is possible to
feed the signal from three or four etc. cameras subsequently
to one image processing unit.
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CLAIMS

1. Method for detecting the presence of glass particles in a
bottle filled with a beverage such as beer, the bottle (1)
having a convex portion (6) of its bottom (4);

the method comprising the steps of:

a) causing the beverage (10) in the bottle (1) to rotate
with respect to the bottle (1);

b} holding the bottle (1) stationary with respect to a
camera {(40);

c) illuminating the bottle (1) with a light bundle (31)
impinging on the bottom {4) of the bottle (1), the direction
{32) of the bundle (31) being substantially in accordance with
the direction of the longitudinal axis (2) of the bottle (1);
d) directing the camera (40), preferably a CCD-camera, such
that an optical axis (41) of the camera (40) makes an angle a
in the range of 120°-150°, preferably substantially 135°, with
the direction (32) of the bundle (31);

e) obtaining a first image signal representative for a first
image obtained by the camera (40):

£) obtaining a second image signal representative for a
second image obtained by the camera (40), the second image
being obtained at a moment in time differing from the moment
in time the first image was obtained;

g) comparing the first and second image signals to obtain a
compared signal;

h}) repeating the steps (e)-(g) at least once;

i) generating a bottle reject signal if at least one of the
compared signals obtained in step (h) indicates the presence
of a moving object.

2. Method according to claim 1, wherein the bottle is filled
with a CO; containing beverage such as beer, the method at

least being capable of detecting glass particles (12) in the
range of 0.2 mm (or even smaller) to 10 mm (or even larger).
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3. Method according to claim 1 or 2, wherein step (a)
comprises the steps of:

{al) accelerating the bottle (1) with a substantially constant
acceleration during a time interval of 0.05-0.2 sec,
preferably about 0.1 sec, to reach a spin speed of 500-2000
revolutions per minute, preferably about 1000 rpm;

(a2) maintaining the spin speed constant at said value for
about 0.5~1.5 sec, preferably about 0.7 sec;

(a3) decelerating the bottle (1) with a substantially constant
deceleration to stop in a time interval of 0.05-0.2 sec,
preferably about 0.1 sec.

4. Method according to claim 3, wherein after the bottle (1)
has come to a stop, a time t, lapses before commencement of

step (e).

5. Method according to any of claims 1-4, wherein in step
{h), the steps (e)-{g) are repeated to a total of 10-30 times,
preferably about 20 times.

6. A detecting apparatus (100} for incorporation in a
production line (200) for £illing bottles (1) with a beverage
such as beer, each bottle (1) having a central axis (13) and a
bottom (4) showing & central hill portion (6); the production
line (200) comprising a first transportation means (201) for
transporting the filled bottles (1) towards the detecting
apparatus {(100) and a second transportation means (202) for
transporting the checked bottles (1) away from the detecting
apparatus {100);

the apparatus (100) comprising:

a carousel (103) which is rotatably mounted with respect to
the fixed world;

a plurality of detecting stations (20) fixed to said carousel
(103), each detecting station (20) comprising:

a subframe (21);

holding means {22) for accepting and holding a bottle (1) in
an upright position stationary with respect to said subframe
(21);
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an illumination device (30) for generating a bundle of visible
light (31) and to direct this bundle (31) in a direction (32)
in accordance with said central axis (13) of an accepted
bottle (1) held by said holding means (22);

a camera means {40), preferably a CCD-camera, fixed to said
subframe (21), an optical axis (41) of the camera (40) being
directed such that it makes an angle e in the range of 120° to
150° with the direction (32) of the bundle {31) and intersects
the central axis (13) of said accepted bottle (1) at a point S
which is located near the top of the hill portion (6);

the apparatus (100) further comprising:

at least one image processing unit {(50), a central processing
unit (130), and a reject device (120) associated with said
second transportation means (202), each image processing unit
{50) being adapted to receive at least two successive image
signals from a camera (40), to compare these signals, to
provide a compared signal, and to communicate said compared
signal to said central processing unit (130), said central
processing unit (130) being adapted to control said reject
device {(120) such as to remove rejected bottles from said
second transportation means (202).

7. Apparatus according to claim 6, wherein the camera (40)
is set such that its focal point or focal plane substantially
coincides with said intersection point S.

8. Apparatus according to claim 6 or 7, wherein each image
processing unit (50) is fixed to said carousel (103), and
wherein said central processing unit (130) is mounted
stationary.

9. Apparatus according to any of c¢laims 6-8, wherein each
image processing unit (50) communicates with said central
processing unit (130) by radio signals.

10. Apparatus according to any of claims 6-8, wherein each
image processing unit (50) communicates with said central
processing unit (130) by optical signals.
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11. BApparatus according to claim 10, wherein each image
processing unit is coupled to an optical transmitter (53)
which is arranged near the rotational axis of the carousel

5 (103), the central processing unit (130) being coupled to an
optical receiver which is arranged near the rotational axis of
the carousel (103).

12. Apparatus according to any of claims 6-11, wherein the

10 outputs of at least two cameras (403, 40;) are coupled to a
multiplexer (60) which is adapted to combine these signals
into a combined signal representing a combined image (61), and
to provide the combined signal to one image processing unit
(50).

15
13. Apparatus according to any of claims 6-12, wherein the
outputs of two oppositely mounted cameras (40, 40p) are fed
to a selector (70), which is adapted to select the signal from
an active camera and to provide the seleted signal to one

20 image processing unit (50}.

14. Aapparatus according to any of claims 6-13, wherein each
image processing unit (50) is. adapted to compare a pixel of a
half-image line with the average of the pixels directly above
25 and directly below said pixel, said pixels being part of the
half-image obtained directly before said half-image.
-
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