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METHOD AND APPARATUS FOR PERFORMING MEASUREMENTS ON
PACKAGINGS FOR A LIQUID PRODUCT

The present invention relates to a method and an
apparatus for performing measurements on packagings for\a
liguid product. Such apparatus have been developed in order
to detect the presence of undesired particles such as glass
particles in a liquid product. This 1s important since the
presence of such undesired particles can cause damage to the
health of end users and can cause financial loss or
commercial damage to the suppliers or manufacturers of such
liqu;d products.

' The international patent application WO 97/14956
describes a method and apparatus wherein a detection
apparatus'is described for detecting glass particles in glass
bottles filled with beer. The content of this text is deemed
interpolated herein by way of reference. In this apparatus
beer bottles are rotated about their longitudinal axis,
whereafter the beer bottles are stopped abruptly, i.e.
decelerated with force. Shortly hereafter the bottle is
illuminated with visible light and image recordings are made
of the bottle. On the basis of these images a computer
determines whether glass particles are present in the bottle.

In order to improve this apparatus and method, the
present invention provides a method for performing
measurements on packagings, in particular packagings which
are at least slightly worn or otherwise to a greater or
lesser extent opaque to visible light, which are filled with
a liguid product, wherein the packagings are irradiated with
radiation in a wavelength range suitable for the packaging
with product and images of at least a part of the content of
the packaging are recorded for a predetermined time by image

recording means, wherein the obtained image information is
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analysed for information indicating the presence of undesired
particles, and a part of the radiation has a frequency
falling within the infrared range.

At least a part of the radiation preferably has a
frequency falling within the infrared range. A number of
advantages are achieved by making use of radiation in the
infrared range. One advantage that is achieved is that
bottles which are not properly transparent can also be
processed, such as bottles damaged by so-called "scuffing",
bottles of non-homogeneous glass such as the known Coca-Cola™
bottles, bottles with a dark-coloured liquid product,
relatively thick-walled bottles, bottles with a product in
which for instance yeast or fruit particles are mixed, or for
instance decorated or printed bottles or bottles packed by
means of a "sleeve". Coloured, for instance blue bottles, for
instance for mixed drinks, can also be checked better using
infrared radiation, since the radiation is less sensitive to
the transmission coefficient of the glass. The stated
problems with visible light are avoided as much as possible
with infrared radiation. A further advantage is that a lower
radiation generating power is required due to the higher
energy level of infrared radiation. The mounting bracket of
the radiation sources, such as LEDs, can hereby for instance
take a smaller form. This has the advantage that, when for
instance the radiation sources are applied in a carrousel
system to be further described hereinbelow, the total
diameter of the carrousel system can become smaller because
the individual light sources can take a smaller form. It is
also possible to apply radiation sources with different
wavelengths, since fewer radiation sources of the same
wavelength are required. Two or more different wavelengths
can hereby be applied in mounting brackets of the already

known format. An advantage hereof is that a specific mix of
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frequencies can for instance be used for a specific
bottle-product combination.

Tn a further embodiment a distinction is made between
information relating to particles which normally form part of
the product and information relating to the undesired
particles. For instance in the above mentioned fruit juices
or beer with secondary fermentation in the bottle, the
products comprise natural particles such as fruit pulp or
yeast particles in addition to possibly undesirable
particles. The application of the method according to this
embodiment makes a distinction between these desirable and
undesirable particles. It hereby becomes possible that even
these products, which are complex for detection of undesired
particles, can still be safely supplied.

A further aspect of the present invention relates to an
apparatus for performing measurements on>full packagings of a
liquid product, comprising:

—rotation means for rotating the packaging on its own
axis for setting the packaging with content into a rotating
movement,

-stopping means for stopping the rotation of the
packaging,

-radiating means for irradiating the packaging,

-image recording means for making image recordings of at
least a part of the content of the packaging,

~transmission means for transmitting the image recordings

from the recording means to image analysis means,

-image analysis means for analysing image information of
the image recordings for the availability of information
relating to the presence of undesired particles.

According to a preferred embodiment at least a part of
the radiation has a frequency falling within the infrared

range. Hereby the above stated advantages can be achieved.
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In a preferred embodiment the means for making image
recordings comprise at least one camera. The irradiating
means further comprise at least one mounting bracket
comprising a plurality of radiation sources such as LEDs. For
the use of LEDs in the range of the visible light, more
specifically light with a wavelength of 590 nanometres, suéh
a mounting bracket is for instance known from the publication
of international patent application WO 00/77499.

A preferred embodiment comprises radiating means which
are at least partially suitable for emitting radiation with a
wavelength falling in the infrared range. An advantage of
this embodiment is that specific combinations of radiation
with a plurality of wavelengths can be applied which are
suitable for specific product-packaging combinations. Using
an apparatus as according to this embodiment, such
combinations can be readily-defined by experimentation.

In a further preferred embodiment the transmission means
comprise means for making use of a communication protocol. A
very suitable protocol for this purpose is the so-called
FireWire or IEEE 1394. This protocol is for instance suitable
since it is for instance intended for end user equipment. The
application of different communication protocols, such as for
instance Ethernet or a faster version of a similar usable
protocol, can however also be seriously envisaged.

It is particularly advantageous if two-way communication
is possible between the image recording means and the image
analysis means. It hereby becomes possible to make the camera
settings, such as for instance diaphragm or sensitivity,
adjustable remotely and by means of software. This is for
instance practical for specifically modifying such settings
to a bottle-product combination that has to be processed.

In a further preferred embodiment the diameter of the

radiating means or the mounting bracket is in the range of
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5~11 cm, or even less than 1 cm. As described in the
foregoing, this has the advantage that the diameter of the
mounting bracket for lighting can be the same size or even
smaller that the diameter of the packaging or bottle on which
the measurement must be performed.

In a further preferred embodiment the composition of the
frequency spectrum of the radiating means is variably
adjustable depending on the packaging and/or the product. If
radiation sources or LEDs with radiation with a different
wavelength are arranged in the mounting bracket, one
wavelength or a plurality of wavelengths can be switched on
simultaneously. The application of several wavelengths can be
optimized for a specific combination of packaging and
product.

In a further embodiment a carrousel apparatus comprises a
number of measuring apparatuses as described above. The
carrousel is provided with first transfer means for
transferring packagings from a transport line to the
carrousel and second transfer means for transferring
packagings from the carrousel to the transport line after
performing of the measurements. Advantages of the use of the
carrousel are already known. Advantages of the carrousel with
measuring apparatus according to the present invention are
described in the foregoing, which will be further elucidated
hereinbelow.

The carrousel apparatus preferably comprises stationary
irradiating means for illuminating packagings in the
co-rotatable measuring apparatus as they pass the irradiating
means. In the known carrousel and in the carrousel according
to the previéus embodiment, co-rotating illuminating means
are provided for each of the measuring apparatuses for each
co-rotating bottle. A plurality of for instance 36

illuminating elements or mounting brackets was hereby
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required in a specific practical embodiment. In the presenf
invention there are provided for instance twelve mounting
brackets or one segment-shaped mounting bracket the size of
for instance twelve mounting brackets which only illuminate
rotating bottles from the underside during the period of the
measurement. This for instance has the advantages that a
smaller number of radiation sources is necessary, that the
carrousel has a simpler construction and that the power
supply for the mounting brackets becomes simpler.

Further advantages, features and details of the present
invention will be elucidated on the basis of the following
description of preferred embodiments thereof, with reference
to the annexed drawings, in which: |
- fig. 1 is a schematic view of a measuring apparatus
according fo the present invention;

- fig. 2 is a cross-sectional view of detail II of fig. 1;

- fig. 3 is a top view of detail III of fig. 2;

- fig. 4 is a schematic top view of a carrousel measuring
system according to an embodiment of the present invention;
- fig. 5 is a schematic side view of a further embodiment of
a carrousel system;

- fig. 6 shows a view of a further embodiment of a detail of
the embodiment of fig. 5.

A beer bottle B (fig. 1) is clamped in each case between
a ring 1 and a head 2 and rotated rapidly and subsequently
decelerated by a motor 3, which is coupled to head 2 via a
gearing mechanism 4 and a brake 5. Ring 1 and head 2 are
therefore mounted rotatably relative to a frame 6. In each
case as soon as the bottle is decelerated, light is projected
from a light source 7 into the bottle and the movements of
possible contaminants in the liquid are transmitted to an
image processing station 9 using a CCD-camera 8, wherein they

can be made visible on a screen 11 by a processor 10.
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The opening in head 1 has a diameter dl of 45-50 mm,
while the head has a height (h) of about 75 mm. In order to
project sufficient light through this opening, the focal
point of the beam is situated at a distance a of 25-30 mm
relative to a housing 12 of light source 7. In this prefer;ed
embodiment the focal length f amounts to about 185 mm.

The wavelength of infrared light lies in the range
between about 600 and 6000 nm. In a preferred embodiment the
light sources emit radiation between 700 nm and 1000 nm and
preferably between 700 nm and 800 nm. .

The mounting bracket can take a very compact form through
the use of infrared LEDs. A diameter of 5-11 centimetres
hereby becomes possible. This is possible since the intensity
of infrared light is greater in this application than the
intensity of visible light. The result hereof is that,
despite the use of smaller mounting brackets, a sufficient
signal is available to detect undesired particles in the
product. It is recommended that the diameter of the
illuminaﬁing means is smaller than the diameter of the
largest bottle processed in the carrousel.

In a future preferred embodiment there may even be a
single LED with for instance a diameter of 0.5-1 cm (or even
smaller), whereby the glass casing can be wholly or partially
omitted.

Although it is conceivable to have focussing take place
with a lens, for instance using a flat Fresnel lens, the
light source 7 (fig. 2) is provided in the present embodiment
with a flat window 21 of translucent material, preferably of
hard and scratch-resistant material, whereby light source 7
is extremely robust. The casing is further provided with an
inclining upper wall 22, whereby moisture and/or dirt in an
industrial environment will not adversely affect the

intensity of the light source. Because the window is
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preferably placed in a surface inside the outer edge of the
inclining upper wall using a seal (not shown), it can be
easily and properly cleaned.

In this prefefred embodiment (fig. 3) a large number of
LEDs 31, in the present embodiment about 350, are placed ip a
spherical holder 32, whereby a focussing action is obtained.
The LEDs have a small exit angle in the order of magnitude of
1 -6

As can be further seen (fig. 2, fig. 3), different types
of LED 31, 33 are applied. These LEDs have a different '
wavelength. It hereby becomes possible to emit light of two
different wavelengths using one mounting bracket. It is
possible to apply several different LEDs in one mounting
bracket.

In a further embodiment (not shown) the mounting bracket
is provided with<cont;ol means for varying the light
intensity of the LEDs. A very light‘bottle cén hereby be
irradiated using one mounting bracket. It is also possible
for instance to illuminate relatively thick or dark bottles
by varying the intensity, in order to ensure an efficient
detection. Different types of bottle can hereby be processed
very flexibly using a detection apparatus with fixedly
mounted brackets. It is further possible to select a suitable
intensity-wavelength combination for bottles with particular
characteristics, such as bottles with "scuffing", the known
"Coca-Cola" bottles with non-homogeneous, light-transmitting
capacities, shorter or thicker bottles, bottles with a
product containing yeast such as determined types of beer, or
bottles decorated by means of for instance a print or a
sleeve.

A plurality of the detection apparatuses of figure 1 is
applied in a detection system 40 (fig. 4) which is coupled to

conveyor belt 41 in which bottles are supplied in the
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direction of arrow A. In this embodiment carrousel 42
comprises thirty-six detection units 44. In each of the
detection units the bottles are rotated, stopped, illuminated
and measured as described in the foregoing. For this purpose
cameras are arranged at the location of the final twelve )
positions of carrousel 42 before discharge«transfer unit 48.
Once they have been transferred from conveyor belt 41 to
carrousel 42 by means of feed-transfer unit 43, bottles can
hereby be rotated and stopped and the image recordings can be
made before the bottles leave the carrousel again.

Carrousel 42 is shown in the embodiment of figure 5
without co-rotating mounting brackets for lighting. In this
embodiment a segment-shaped mounting bracket 45 is placed on
the underside of the carrousel. This mounting bracket
illuminates the bottles from the underside, precisely at the
part where the cameras for making the image recordings are
placed. The advantage of this arrangement is a simpler
construction of the carrousel. Segment part 45 can optionally
be subdivided into sub-segments, as shown in figure 5. An
advantage can be that the sub-segments can be controlled
independently. Sub-segments can further for instance be
replaced independently of each other. Segment part 45 is
provided with LEDs (not shown) in similar manner as the
mounting bracket of figure 3. As seen in the direction of the
arc the mounting bracket preferably takes a curved form in
similar manner as in figure 2, for the purpose of focussing
the light in the direction of the bottle moving above the
mounting bracket. Such a mounting bracket can likewise be
provided with a focussing closure such as closure 21 of
figure 2. BAn alternative to segment part 45 is the segment
part shown in figure 6. Situated herein are mounting brackets
46 which are similar to those of figure 3. The advantages of

the embodiment of figure 3 and figure 5 are hereby combined.
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According to a further aspect of the present invention,
the connection between computer 10 and camera 8 is embodied
by means of a connection with a communication protocol.
Envisaged here is for instance FireWire or IEEE 1394. An
advantage hereof is the fast data transfer made possible by
this standard. This protocol can be fitted into the system
with relatively simple hardware.

A further application of a system according to the
present invention is that the filling level of full bottles
can be checked. In transparent bottles the filling level _
could be detected by means of a detection system on the basis
of visible light. An embodiment based on the present
invention which makes use of infrared light provides the
option of checking the filling level in non-transparent
bottles such as printed bottles, or a bottle packed for
instance using a sleeve. The filling level of such bottles
has been checked according to the prior ért using
X-radiation. Such a solution is very expensive and, in view
of the nature of X-radiation, requires structural and
organizational measures which are unnecessary for making use
of the present invention.

The above described apparatuses are able to determine
very precisely the presence of foreign particles such as
glass particles. Particularly in the case of particles of a
size which are harmful to health, as defined by institutions
such as the FDA in the United States of America and the
Health Protection Branch in Canada, these apparatus provide
very good results, even in the first trials. The above
described fine-adjustment to be established experimentally
subject to specific product-packaging combinations can result
in improvement-within the scope of this invention.

The present invention is not limited to the above

described preferred embodiment thereof, the rights sought
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being rather defined by the following claims, within the

scope of which many modifications can be envisaged.
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CLAIMS

1. Method for performing measurements on packagings, in
particular packagings which are at least slightly worn or
otherﬁise to a greater or lesser extent opaque to visible
light, which are filled with a liguid product, wherein the
packagings are irradiated with radiation in a wavelength
range suitable for the packaging with product, and images of
at least a part of the content of the packaging are recorded
for a predetermined time by image recording means, wherein
the obtained image information is analysed for information
indicating the presence of undesired particles, and a part of
the radiation has a frequency falling within the infrared
range.

2. Method for performing measurements. on packagings, in
particular packagings which are at least slightly worn or
otherwise to a greater or lesser extent opaque to visible
light, which are filled with a liquid product, wherein the
packagings are irradiated with radiation in a wavelength
range suitable for the packaging with product, and images of
at least a part of the content of the packaging are recorded
for a predetermined time by image recording means, wherein
the obtained image information is analysed for information
indicating the presence of undesired particles, wherein a
distinction is made between information relating to particles
which normally form part of the product and information
relating to the undesired particles.

3. Apparatus for performing measurements on full
packagings of a liguid product, comprising:

-rotation means for rotating the packaging on its own
axis for setting the packaging with content into a rotating

movement,
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-stopping means for stopping the rotation of the
packaging,

-radiating means for irradiating the packaging,

—-image recording means for making image recordings of at
least a part of the content of the packaging,

-transmission means for transmitting the image recordings
from the recording means to image analysis means,

-image analysis means for analysing image information of
the image recordings for the availability of information
relating to the presence of undesired particles.

4. Apparatus as claimed in claim 3, wherein radiating
means are at least partly suitable for emitting radiation
with a wavelength falling within the infrared range.

5. Apparatus as claimed in claim 3 or 4, wherein the
image analysis means comprise means for distinguishing
between information relating to particles which normally form
part of the product and information relating to the undesired
particles.

6. Apparatus as claimed in claim 3, wherein the radiating
means comprise one or more first radiation sources which are
suitable for emitting radiation with a first wavelength and
at least second radiation sources which are suitable for
emitting radiation with a second wavelength.

7. Apparatus as claimed in one or more of the claims 3-6,
wherein the transmission means comprise means for
communication by means of a communication protocol for the
purpose of transmitting not only image information but also
information for adjusting the image recording means from or
via the analysis means.

8. Apparatus as claimed in claim 7, wherein two-way
communication is possible.

9. Apparatus as claimed in one or more of the claims 3-8,

wherein the diameter of the radiating means or a mounting
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bracket thereof is smaller than eleven centimetres, and
preferably not or only a little larger than the diameter of
the packaging to be analysed.

10. Apparatus as claimed in one or more of the claims
3-9, comprising intensity control means for variable
adjustment of the intensity of the radiating means depending
on the packaging and/or the product.

11. Apparatus as claimed in one or more of the claims
3-10, comprising controlling means for constructing the
frequency spectrum of the radiating means depending on the
packaging and/or the product.

12. Carrousel apparatus, comprising at least the
components of one apparatus as claimed in one or more of the
claims 3-11, wherein at least the rotation means and the
stopping means are movable along the substantially circular
periphery of a carrousel.

13. Carrousel apparatus as claimed in claim 11,
comprising stationary irradiating means placed close to the
carrousel for illuminating packagings in the co-rotatable
measuring apparatus as they pass the irradiating means.'

14. Carrousel as claimed in claim 12 or 13, wherein the
stationary irradiating means comprise one mounting bracket.

15. Carrousel as claimed in claim 12, 13 or 14, wherein
the stationary irradiating means comprise a number of
mounting brackets similar to those according to claims 3-11.

16. Carrousel as claimed in claims 12-15, wherein the
irradiating means comprise a plurality of light sources.

17. Carrousel as claimed in claims 12-15, wherein
different types of light source can emit radiation of a

different frequency.
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