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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.

5 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

10 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

15 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

20 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

25 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
. 30 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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makes a small angle, usually in the range of 0° to 30°, with
10 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
15 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

20 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

25 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

30 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

35 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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92/ 14142, can be considered as "transm ssion node": herein, light 35 from

a light froma light source travel s i QUEET HR® BEBNt ai ner under
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consi der ed W87196&f | ection back |i ght FFW&s’qopﬁht
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The cause of the unsatisfying performance of the methods

and apparatus as available today can be attributed to a number
5 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

10 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
15 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
20 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
25 Dby 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

30 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
35 rejected due to perfectly harmless objects, such as for
instance CO; bubbles or other dissolved gases.
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of the above I ndicated types have been utilized with varyi ng degrees of
success in a nunber of fields, such as the pharmaceutical industry. The
present invention is directed to the field of beverages in bottles, and
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bever ages, effsclbéndmaind Ireliab.phtqf foheglam=separticaes airetioedest o such
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pr oduci ng ottl beer 1s detectlng the presence of glass
particles® | BeRF$PR %‘(ﬂb&@ﬁ'ﬁ ?ﬁ%tm‘feﬁgoﬁ‘?ésence of glass particles in a
bever age i nt endecMéxe pantdcudanktypiti d8 &s ebjmdtepfabhe, irveition wobottl e

containi ng SWehvPde ldudiP Aeedct PoR IndtddA BRA CLppiT ARS8 Suitable for
detecting glass particles as small as 0.2 mm. Preferably, the
method and apparatus should be able to detect glass particles
10 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
15 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. _
20 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.

25 .

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:

30 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

35 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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30 Even though quality control has beenﬁgs gg onstant attention
inthis field, none of the nethods of % | bed above have
r

proved—tobesuccesstul 11 a suf ficién e 1nthe detection of
smal | glass particles in beer. Especi '"@!" particles, in the
order of 0.2mm have proved to be verﬂ“ﬂumml to detect : known

met hods andwapPpa®st us and in particul ar those di scl o RETNLH6/00049

US-A-3.777.169 and WO-A-92/ 14142 do notg detect these

3 particles with a satisfying degree of certainty and reliability.

The cause of the unsatisfying performance of the nmethods and apparatus as
" avai | abl e t s¢hpmabicadblyatildpptrates ¢ prefgnred nethpdisifedstantranstar;

speci fical | ¥igavel §6ds illasbphtesa ebsbasfiticient embodiment for the
image processing scheme.

5 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

10 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

15 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 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

25 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.

30 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

35 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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10 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

15 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

20 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

25 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.

30 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

35 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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bubbl es to be generated when the fluid is di;igéﬁgﬂ N These bubbles tend to
‘interfere with the optical detection I be evident that the
‘Oerection net hods shoul d be able to discri at € bet ween unwant ed gl ass
particles and CJerr] bubbles, or oth y _ m“‘L"correct " bottles will
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4 It is a general object gf the invention to provide inproved

met hod and apparatus with an i nproved detection efficiency and
reliability for %Iass garticles in bottles filled with a beverage 5 such

“as beer, in whicHtt A8 EBERGT PSERERI pihiiiiedR GFEPHRG PERYSNT 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
5 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

10 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 «,

15 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

20 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

25 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.

30 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-

35 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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5 51gnals 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”.

10 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

15 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

20 Dbe 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

25 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

30 originating from glass particles. Further, imn 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

35 Dbottle 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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~the presence of glass particles in a bottle filled with a beverage such

as beer, the bottle (1) having a Qﬁkgﬁgﬁﬁgegwgmqa central, I nwar dl y
“girecredCTonvex portion (6); 25 the onprising the steps of: a)

causing the beverage (10) in the bottle otate with respect to
the bottle (1); b) hol di nﬂ“w t ']Eﬂm) stati onar)é W th respect
to a caner &vO9IMI4PM0): 30 ) ' e bott| ePCTALI6{084 o | i ght

bundl e (31) i mpi ngi ng on the bottem (4) of the bottle (1), the
direction (32) of the bundle (31) being substantially aligned with the
direction of the central axis (13) of the bottle (1); .

"5 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 technigue to a larger extent than in

5 prior art techniques. 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.

10 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

15 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

20 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

25 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.

30 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

35 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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d) . directing the canera (40), pr dadBER€aEra, such that an
optical axis (41) of the canera (40)q#§%%g$2§cg@gle [err] in t he range

of 120[err]-150[err], preferably substantially 135[err], with the 5
direction (32) of the bundle (31); ”“mmm)ﬁtm ning a first inmage
signal repr n Lve for a first by th 40) ;

f) obtaﬁ%ﬁﬁheéh%econd | mge signal representative for g?@@@%ﬁﬁ*&

i mage obtained by the camera (40), the d€cond i mage bei ng obtained 10 at a
monment in time differing fromthe noment in tinme the first I mge was
obt ai ned; 1 Q) conparing the first and second i nage signals to obtain
‘a conparea’signal; . hi - repeating the steps (e)-(g) at |east

once; 15 i)° thecrRIWRifNgad FRNqs &idd| ELFCR|Hitalglpes aPaTekEesone of the
conpar ed si gnawarddteheradidenwalk (0 thedbocetss 1ii;he presence of a

. bi eot. : ' . : . . ned b
roduet fon  Fhe gxaksy £of0F POk GoRborhs \Piad BRALISIA GMALIEE Y °
beer, 20 5eakRWAEEE|ER] 2% 4y a central axis (13) and a bottom (4)

show ng a cenhs & ,resmian, dthe dlrasst pdrtdelex widdt tend (69 ;cdlllecpr @aauct i on
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

10 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

15 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

20 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

25 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.

30 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

35 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).

This Sheet Has Been

T



line.(200) conprising a detecting apparatus, a first transportation
~neans (201) for transporting the filf&8SHEET HAS BEEN t owar ds_t he

‘—detectimgappararus (100) and a second (REMAREPt ati on neans (202) 25 for
transporting the checked bottles (1) detectlng appar at us
(100); the detecting apparatus ( Bi&ﬁ!}ﬁ[m; a carousel (103)
which is r snee7adds¢ mounted with res fi x ed PRBNLAC/00SE o
plurality of detecting stations (20) fixed to said carousel (103)., each
detecting station (20) conprising: a subframe (21); hol di ng nmeans
(22) for accepting and holding a bottle (1) in an upright position
stationary w t h The =pin/stop atethndghe als prefpraly exeacutedi ast i on devi ce
(30) for gepgipbidld @ bundle of visible | i ght (31) and to direct this
bundl e (31)

direction o 5sal dé%ﬁf&é?nﬁé?ékfféf EEQ§%% 5ﬁaé%% ne%???%??ﬁﬁﬁﬁgld by

sai d hol di ngonebart (@@eleration to a spin speed of 1000 revolutions per
5 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".

10 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

15 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.

20 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

25 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

30 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

35 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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6. .a canera neans (40), preferabﬂ;ﬂS§ 1%%53‘ fixed to said
subframe (21), an optical_axis (41) of th ~a (40) being directed

such that it nakes an angle [err] in u O to 150[err] S5 with
the direction (32) of t he bundl e (31) “@“ t he central axis
(13) of said bottle (1) at a porn which is POSRERBedigar the
top of the hlﬁﬁ portlon (6); t he apparatus (100) further conprising

at | east one imge processing unit (50), ¥ central processing unit 10
(130), and a reject device (120) associated with said second

transportati o @g; pr gd

adapted to re e@?%t F o%&%.@t ssll Vg%%%g%% s%&e&fﬁé‘@s %%ve Sho‘gxémera
(40), to conpal sgb‘h%ﬁ Partickesy ayenaif obhey age presgnndin thad to
commruni cat e safxblcd)rqiawadwsoigﬂmle tamerd d dbentrtaiedd'ssamnﬁeaslang ¢Ainks ( 130) ,

said central p%%%%%% FiﬂcHrﬂiﬁ (13139): Pglg&h 3 géft a@d ?ﬁgﬁ% &ggﬁal d reject

device (12Q) s jecte cond
transport ati ortTAYES (:gugds the camera. In oth er 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

10 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

15 *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

20 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

25 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

30 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

35 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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The above-

menti oned and ot her aspects, features and advant ages of the

present invention will becone nore apPASSHEETHASBEFN t he fol | owi ng
descrlpflon of a preferred enbodi nent wt nce to the draw ngs,

i n which
gl ass

appar at us

: figure 1 schematically setup for detecting
particles in a bottle of begnmﬁimm the inventi on;
figure 2 | VA9¥I4P§dng di agram il lustr e

present invention; figure 3 is a sqbenatlcal top view of a detection

i ncorporated in a production line; figure 4 is a

actions ackoMMEIENOHY o5

t he

schemati cal S|de view of a carousel, which schematically illustrates a

" nmet hod of

carousel ,

10

15

20

25

30

35

dSYSLE? JHhe &ompased | gAamalsdpes Anddcatg: the P’éﬁstfé‘cﬁ ef 8t a

wiiea&t 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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~ schematically illustrates a pr ef er gk SREEOHABBEEMt a transfer; figure
~6A-Billustrates a cost efficient emboREMACEPor t he | mage processing

schene. 5 Figure 1 schenati I beer bottle 1 having a
central body axis 13, a neck porti rmlﬁ | iﬂm ially cylindrical
side wal | bottom4. Alo 0 t he si 3
usual l'y hagwggﬁgfgﬂarks, whi ch reduce the opti cal quar??gg% e gl ass

in this portion; this lower 10 portiod45 will also be referred to as
"scuff portion". A central part 6 of the bottom4 is convex to the

(0102, posh RS sby 1AF, el oPod W RHBR S BT (5
has a ri m 7subsRAUARIdYshadted. i desrsibed hefogen Aftems thg spén/$womr
"knurling" Sta¥ion MilD,r ithe7bostlicd Ni hke pfud itanthe entmincehpobotide 1 neets
011l ed wivh GEhdpardisdl 105 bhore RS edeiIndrdichY ieo )" POUTIE T
Fi gure P shBSEPRFelTedleaghritg stafiols 20, yedepBd ot dirapites means of
i nspecti ng 2he. bfxtdn eehk entramcegpesdnien af0lgl ake 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
10 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
15 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

20 103 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,

25 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

30 Dbased 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.

35 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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_particles 12. The inspection station 20 conpri ses _a nmachi ne subf rane

21. The bottle 1 is firmy held stafﬂﬁﬁ&ﬂg EEBEEN respect to the subfrane
ZI, by holding neans which are gener dicated at 22, which engage
t he neck portion 2 of 25 the bottl ] ction of these hol ding
means 22 is not critical to thejmm‘nﬂmmron, and_det ai | ed

know edge WOSVH@%6of will not be necessary for a skill edFEYSHPOIH,

under standi ng the present invention; therefore, these hol ding means 22
wi |l not be discussed in greater detail. 30 The inspection station 20
conprises an illum nation device 30 fixed to the subframe 21 by any

“suitabl e fidnpyt trangiers time appear) £Qde NECERSARYi dde3FPia-speed &t o
generate a be ablaptiéd i optimbse theglilowd khmrdcteriitiest ofhthebundl e 31 to

e i gnoot A /Bhrt DO diOUb] end okelechiid O SEndblcloRtbspant i al |y 35

is aligned e central axis 13 o e 1.” The w of the
bundl e 31 | ¥184P¥icient to illuminate the hill portion 6, and
preferabby is sufficient to illumnate the bottom4 conpl etely. The

hature and constppctdAuakit 05 ddnpr¥hddtd Ylurality 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
10 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
15 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
20 figure 4, the image processing units S0 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”
25 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
30 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
35 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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devi.ce 30 is not critical to the HRgEENN, and det ai | ed

know edge thereof will.nat  be nec é?%%ﬂgﬂﬂﬁ skilled person for
under st andi ng the present invention; erefor detail ed description
of this illum nation device 30 |sm“m““mﬂ‘flce it to say that the
|Ilun1nat| e 30 may i ght sgug gSuUch as a
| aser ‘Qag%ﬁﬁ&fogen | anp, and optical neans 34, 35 for éﬁaplng and

directlng the light bundle 31, such ad®a lens 34 and a nirror 35. 10
The inspection station 20 further conprises a canera means 40,

pref er abl ¥ g; ﬁ@% Wbtk 154 "o ct%{}@.%@l‘@a\}é 880159 w wmcnt e a80h 21 by

any suitab ans 2 n T MPOT T ant
aspect of fheth® é%%ﬁ’(erl R¥chie sraropsel 103 pgoaxdally s"”ﬁé! &eirnly stationary
with res pea:btamdpm exisr af 1thel@ardhsel aMS.a ThE bpsicul epvecghiaxis 41

uhi ch, accendli gy i Fizea il f}%’sgbe?e d alife %ngs&tI&éz& NS EIVERL! On. mRKes
an angl ain the ran [err] to 150[err Irection 32
of the gunapgxcal 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

10 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.

15 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

20 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

25 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
30 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
35 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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.31. Preferably, this angle ais substantlallx %Eal to 135, as
illTustrated in figure 1. The optlcéﬂﬂ§§H§ BEENe camera 20 40 intersects
the central axis 13 of the bottle 1 at which is | ocated near
the top of the hill portion 6. In rIS i ntersection point S
may be | ocated a short di stanc m\]mmﬂmm of the h| |1 portion 6, as
i |1 ustrat edVO97149%6 ef erably, the canera 40 I s set such thBETAWEPYR poi nt
or 25 focal plane substantially coinci@es with said intersection poi nt
S. Optics may be chosen to ensure a relatively | ong depth of field in

the directign of the optic f the e ca in onfiguration,
" wherein thegﬁpp?"ﬁ”lﬁ' PP@?demﬁeS %85 ‘é?ﬁfsé?‘?df‘ﬁtg%‘i’a’t 5&’ gﬁﬁ@""fﬁ" nensi ons
of the bottwill bes@xplainedi is observed that the camera 40 itself may be

di sposed atpdralisk! @FCHhe WA ngNMMGHe WEdRhe dcithdf£ 1O tﬁ@%@ené"’m le

t he opt cal axi t hé bott e I n
the way as gh }egr’rsebftlﬁ)ﬁ%&gfﬁ%ﬁfgo uéhggggq'ﬁ ?]r)orogl "T—kﬁ/vever
in order5t or%litﬁ‘f%iln(e smadli portianc efothe didighbteogSthmcitiage @sbr ati ons as
mich as pos r&&tﬁze&lb_i;htﬁét t&mdra 40. ORid PGl Q8 g@@ﬁbﬂ N E’oﬁé@é S d;

retead, ' top ', spove, i L 4P a0 ol Sk Ilheld o0 | 00

bottleldl W anylnt r
means. figure 6A. In order to achieve "this effect, the output signals

of two cameras 40;, 40 are fed to a multiplexer 60 which

10 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;.

15 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

20 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

25 such technigues 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

30 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,

35 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}).

il \i‘ﬁﬁ\iﬁ‘ 1] "



It is further observed that, in order P% éﬁﬁﬁﬁsggamuch ~as possible
t he occurence of vibrations..of the bottleRg t he influence of
possi bl e machi ne vibrations, the undersrde of t!‘,he bottle 1, for

i nstance the scuff portion 5, may be mmmﬁmm’ thhrespect to the
subframe 21 I tabl e suppo owev S Nno
i1 lustrated Pﬁ“??gﬁ%ﬂ 1 for the sake of sinplicity. sETNL B

above- nentioned setup of the inspection d8ation 20 offers |nportant
advant ageous features whi ch pronote that 10 glass particles 12, if any

are present, geP&QEt e?fe‘%?;?éfd sctzjiﬁr.f clrfgﬁ?‘g W“%ﬁ’r‘fir eference. This

can be understoo €¥8&s*The bottom 4
of the tted BRFesturbed, i.e. no I |ght or at nost a very small
fraction of the light, will be refracted in the direction [err],

A further cost reduction in this respect is possible if
5 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
10 cameras 40, 40 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
15 camera 40, 40p is associated with a switch 72,, 72 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
20 his position input 71, 71p, 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
25 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

30 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,

35 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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15 i.e. towards the camera 40. Further, Q Y ,_I_:é,\gtle light wll I npi nge
‘on the wall 3 at the | ocation whefd& % i ntersected by the
‘optitatr—axts 4L o1 the canera 40, so 3itself wll send

virtually no light at all towards m‘ . In fact, the canera 40
"l ooks" to the top of the hill E“‘m out being disturbed by
possi bl e scworsziensks, because the optical axis 41 of PEENLAMEP4Q 40

i ntersects the wal | 3 at a point wglgl above the scuff portion 5, and

further wi t hout bei ng disturbed by possible bubbles 11, because any
bubbles 11 in the beer 10 will tend to drift upwards, out of 25 the zone
“"seen" by t Heceafehal foimagee(ever dalfrdBrgebifa forned by EneeessdEsly
virtual |y nasdangihgWthé ewachihée TARgr 8,49, etc. Thue, ddenmiagethegener ates

a "dark" i A Lol £CEI Ly .yer ak
l'ight signals rlletgﬁlena@%e #’?gfnﬁgge&?ﬁgkgotwﬁ 403§ A&eq:nt%t:"%é t\c‘{) er
hand, soli d 3have; 99951%1%&9(1 pxocgsasis repepdedicles will tend to collect near

the bott em 4 unden the followihb} efle ninbgr aof tlines A6 Sthpariimaglecwibl e

capabl e of ﬁigﬁﬁéé?&az., &ind V\ﬂu@'n! i‘ Af ﬁﬂ the¥ Sl Kgiﬁéﬂ)e“ ng

its dlrectlon en su ray grosses t eer-
gl ass i nterf’éb@a&Hd s £Or jhterface. By
virtue of trperﬂoeinﬁ.ngtthm acapabikqm yt;echndrgu@fbetweenhmlbseyuemtnﬁmagemg on

the glass paff iplage"Broltssdn’ habss £LYory of at least LxP memory
10 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,
15 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
20 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
25 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
30 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
35 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 prevxous half lmage will then have been
completed,
This Sheet Has Been RTlaced
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-A45[err] fromits original direction, in the directjon towards the
canera 40, in which case-the caneraﬂmQSHEEﬂHﬁ§§§§ trong |ight si gnal
In other words, the invention advantage858¥@cgﬂll i zes an optical

feature of glass particles, i.e. the refraction, for
stinmulating bstantially only ma ‘i l's ori ngn om

gl ass particles m?# reach the cane a result, g%s ﬁgétlcles
12 cause a stronger signal at the cé®rera 40 than bottle portions do.

Thi s techni que can be consi dered as "refraction node". 10 As

,mentioned above, xfthéah%éé]ﬁ% % ttt?étﬁ%%”é&%pﬂi&n prob&8PeGlud O the
canera 40. | n _contrast eer
takes 20 ms. Tt 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
5 not really compared with the previous 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.

10 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

15 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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bottle 1is caused to [ierforma rotation |n the bottle 10, as will be

expl ai ned H“m mg“ﬁ e to thi notion of the beer 10
tt cI es 12, g§ent will be caused to
PLR]E :
foll ow a ro’tat‘ionary path within the ttle 1. An inportant aspect in

this respect is that such particlmmnanespect to the camera 40.
Consequentwe 97/149s6 two successive by tHENPEBI4 40, such

particles.w.l|-have -di-fferent p05|t|ons Such two i mages can 20 be
processed, ‘for instance by subt racti on?! whi ch el i ninates the stationary
i mage contributions originating fromthe .stationary bottle, while the

i mage contributions originating C K@k ¥h® noving particles are

hi ghl i ght ed. Such a technique_is Jcaoun.per se. However, the
accuracy 25 of this technique is inproved in accordance with the present

i nvention. In view of the fact that detection is perforned in t he

ref racti onlapdedethpd foradetedting hetpresencenphit gassapgreicles [ioy g of the
camera, inpgettentillud we8h &'bediciabengudi @¥ bbBer, thd®dtk@ei 1 principle

are weaker h&gggal %?&ﬁ%?:”é&%?%ﬂ o(trgﬁ gg lbchrgg;ﬂl gg, from gl ass particles.

Further, in-vie he Carera 1 ooks primarily to the
regi on i n the method gompaising &he eFeBs e top of the hill portion 6 of
t he 5botatyom dausitid ehavbéskruye 120§ Ccid ftheobbtile X 10f tbheobtwtd | e wal |

3, the ”“”@:‘i{:noﬁeéﬂ@&e&o@&il?&l-&:il%”?l?;i ginating fromthe

b} holding the bottle (1) stationary with respect to a
camera {(40);
c) illuminating the bottle (1) with a light bundle (31)

10 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

15 in the range of 12(°-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

20 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;
q) comparing the first and second image signals to obtain a
compared signal;

25 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.

30 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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35 bottle will be relatlvely smal |, whh$ﬁ?ﬁﬁ? gEPEEEIerr] bubbl es 11
Wil l gener no i mage contr S because t hese
bubbl es tetﬂ“ﬁ“mmﬁ“mnunﬂrds away f iﬁl\“\of vi ew of the
canera. As & résult bf Yhése facts, |ﬂ“ﬁﬁ“ A with the
fact that th 1 is kept r|g|dly onary with t he
canera 40, §¥§§$&%§ﬁributions whi ch do not originate Hk§%§§@§?§9
particles are elimnated fromthe in?ges by the subtraction technique
art te

to a larger extent than in 5 prior chniques. In turn, this inplies
that the detegtlon technkgpg of the, presen | vention is nore sensitive
S

to small art |’fﬁ"é’§d( BT tasC g% e3P &8%eR @aller) than
prior art tectomppises the steps of:

{al) accelerating the bottle (1) with a substantially constant
acceleration during a time interval of 0.05-0.2 sec,

5 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

10 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

15 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.

20
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

25 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);

30 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:

35 a subframe (21);
holding means {22) for accepting and holding a bottle (1) in
an upright position stationary with respect to said subframe

N T




10 As nentioned above, the bottle 1 is held stationary in t he

BRI L T

The beer 10 has' obtained this not i on of the

AR
spi n/ stop-techni que which is known pe : ottle 1 is nade to
rotate by nmWePI#B6a rotating dev[ “mgm'mgmuent | JCTNE99WP4%t i on of

evice may grab the bottle 1 by

the bottle 1 is stopped. The rotating
t he neck portion 2; alternatively, 28he rotating device may conprise a
belt systemw th belts acting on the side wall 3 of the 20 bottle.
"However, thancdddumimation devide (IP)afong@etwratdngsa bunddst of vabsjiblte of

the present jignenisof, amdokadmbadanithsimble (31) $nn@taiREgear Y3ppr a
skill ed person_in order totHnder%t arx‘xg 1 t he grgsegt r|1n\./::er(let|o§. Mor eover ,
such rotating SGPEARNGE &2th ST GeuNERL S ISrHdrds BF 20 AFE PSRt r uct i onal
det-ai | s of Ddortler plntheld bpviaid Hodding mrans i(B@dzin detail, and the
rotatings a ¢@uees hmSarmOl(40)| Ustd a8l Na tdtbLaavragst fHaia thesaalje of

oS guprame. (AL sPABEIER W05 B Sl b Enali i BRRG® 1,7t
Now, two ef fddagestedcsmchvtiben itcnakes Ronanglem d@ thersange gt 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
10 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
15 (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
20 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
25 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

30 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.
35
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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. flowin vement of the g 2, if such are
‘ presenillﬂm lmm B@%W bubbles 11 m]@%ggsé t he di sturbed

ath of the noving gl'ass partlcles 12 in the bottle 1

35 is relati veI y conpl ex, because eacklmmmltm‘mmle subjected to
three forc t he drag force execut force
W0 97114956 &t}gﬁ. s)ﬁ&u&

t he glass particles to follow a path of revolution ar e axis
13; * the centrifugal force will fgrce the glass particles t owar ds
the side wall 3 of the bottle 1; * the gravity force will force the

gl ass particles downwards, 5 towards the bottom 4

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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As- a result, the glass particles will tend to collect in the corner 9,
where at |east the smaller particles (ca. 0.2 mm are virtually
invisible. In order to nmake al so t hese snalT_grass partictres—vitstbte—to
the canera 40, they nust be 10 forced to nove towards the centre of the
bottom 4, i.e, they must "clinb" the hill portion 6. The force

responsi bl e f QYOSVT4988,ch a novenent s gener ated when the r GicaiNi9Eadoqo
novenent of t he beer slows down, and is generated by a flow in the beer
whi ch occurs due to the pressure diffefgnce between the fluid 15 near the
wal |l 3, where the fluid | evel and hencé>the 1 uid pressure is higher,
and the fluid near the axis 13, where the fluid | evedo and hence the
fluid pressure is lower. Said flow shoul d be sufficifently strong for
forcing the small gl ass partilel?®s uphill; on the ot*her hand, said flow
shoul d be not 20 _so extrenely storong that ,gl ass particles, when they reach

t he axis 13, if orced upwar|/d and m ¥ with the COre bubbl gg,.
Preferably, the ass particle houl d mfQrate rel ativ gent/ t owar d
the center of thejhill—pefxti onyes+viile at the sane e the (%?err]
bubbl es are al | ovigd™ t9 iicaf”ﬁr afd 25 leave tHe fifld-of viah of the

canera. It is no
not necessarily 7
t hey pr oduce

d t hat,
be noved
el ati Vel g

drger partill es need
snpletely,/because
&l L5 Ble,|/even

al | y speaki ng, theg
ill, at |east

glina

10—

3
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when. such particles are situated in the corner 9. 30 Wth respect to

the generation of CJerr] bubbles, the i nvention seeks to performthe
TSpin/stop techni qué Th such a way, that as little CJerr] bubbles as
possi bl e are generat ed. In the follow ng, the inproved spin/stop
t echni que according to a preferred enbodi mrent of the invention, which
35 attai N¥O%MGbove objectives, will be described w tRFT/NLIMKY, once to
figure 2, in which the abscissa represents the time (t), and the
ordinate represents the spin speed ([err]).
13 The spin/stop technique is preferably executed as
fol |l ows: 1) At 't =to, the bottle i®%5accelerated with a substantially
i
w
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constant acceleration to a spin speed of 1000 revolutions per 5 m nute;
“this acceleration takes about 0.1 seconds. This phase is indicated as

“aeceter-attom phase A 2) At T = 1Jerr], the acceleration is stopped,
and the spin speed is mai ntained constant at 1000 rpm for about 0.7
sec. This phase is indicated as "constant phase C'. 10 3) Starting
at t = t[ewol9risdse bottle is brought to a stop with RCIDBIVWAMS al |y
constant deceleration in about 0.1 seconds. This phase is indicated as
"decel erati on phase D'. 4) After the bottle has cone to a stop
(t[err]), possible glass particles are allowed sonme tine t[err] to
mgrate up the hill 15 portion 6, while3he CJerr] bubbles are all owed
sonme tinme to fl oat upward, before starting any neasurenents. This phase
IS indicated as "wait phase W. A suitable waiting tinme t[err] is

about 0.2 sec. 20 As nentioned above, the canera 40 obtains at

| east two i mges, and these two i mages are conpared with each other

for i nstance, these imges are subtracted from each other. The

canera may be a TV-canera, but preferably is a CCD canmera. For t he
further processing of the i mages obtained by the canera 25 40, an output of
the canmera 40 is coupled to an inage

%.
“(\

P
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o
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“Jo o=
o
o 3 ¢
0 - o
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_processi ng device 50, which may be a standard inmage processing devi ce
or a suitably programed conputer. Since the-nature and t he

construc n o € 1 nage cessi N device 50 are not the subject—of
the present invention, and knowl edge thereof will 30 not be necessary for a

skilled person for understanding the present invention, while further
such i mage WPOe4986 ng devi ces are known per se, thi spovmilosaevas be
di scussed in further detail. It will be evident to a skilled
person that such inmage 35 processing device 50 is able to "recognise”
_nmovi ng objects by conpari ng subsequent images. The object will be
vi si bl e on only one of the images, o5 it will be visible on both
i mages yet displacedhgln bog?,cases, subtracting the imges wll
52 — /'/ \
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///5?3 A F£1J7§z il
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03 2y 130
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yield a strong object signal. However, experinents have shown t hat
smal | glass particles, even if they are present in the field of view
of The canera, do not necessarily af~allr ti1nes “refract—incomng tight
in such a way that outgoing light 5 travels towards the canera. In other
words: small gl ass particles appear not to be visible at all tines.
Accordi ng t oMaN#s¢ention, this is understood as f ol POMNLY6H0®ES
direction of the outgoing |light depends on the shape of the gl ass
particle and on the orientation of the 10 glass particle with respect to
the incomng light; due to the novenent of the glass particle, said
orientation changes, and theref orgsthe direction of the outgoing |ight
changes. It m ght be said that the |ight beam(s) emanating from such a
novi ng gl ass particle "sweep” through space, now and then 15 "hitting" the
canera. |f the inmages offered to the inage processi ng device are

obt ai ned at nonents in«gine when none of the ligh
such a noving glass particle "hit" the canera, the p f i's not

pl rolje in
| s Jat [l east |.partlfy responsi ble for tihe
| oRSur

detected. It is beglreved that _a simlar phenonmeno
per ¥
unsati sfying perfornapt of T techneffugs™ n detecting smal |
gl ass particles, eﬁEE%EEDL;I?ﬁ se—particl es—mdthe ra geﬁ:::jﬁf 0J2 nm - 1

prior art 20 techiteguess
nmm
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Qsvrted -5
Based on the above-mentioned insight, the nmethod for 25 detRfpig

.particles according to the present invention has an i nprove Wa@ﬁs&gn
reliability because the cycle of obtaining two images and conparing

t hese two i mage d nore tha n also_illustrated
in fsl gure o s"b&ﬁere {l% %‘gr?gﬁ[ §PP%’-’??%%M sfﬁﬁgﬁ’é% qsl[aéﬁsffal ngi r
I[err], etc. are 30 priwiglassibotticgiscfiddedswifbrbgerterr], t[err], etc.

respectively. _This phase_i5_J.ncli_c;a.t_ed-as-'ltepeaieﬂ.lm.a.s.w.errerlt.-phase
RM' . In a preferred enbodi nent, which has proved to conbi ne an
excellent detecting reliability with an acceptabl e nmeasuring time, said

cycle is performedpabsant 2nventsion elakel 86 adettduid rpdcypal eppevapasi ng
sai d t“@ok%%ﬁgﬁ gfaé;Q”BQEEgc%ﬁse f%'ngr@iaé’!“Bbttf?é“‘ilxﬁ%w%{ﬁ{ %Ome

presence of novin ects leld of view o canera. A
.undeP bev?ﬁ?@?t?‘gﬁlﬁ‘l heetojected if-in at |least one of said detecting

vVarious methods for detecting foreign particles in a fluid

contained in a transpa.rent container have already been proposed. An
important category of such methods, as for example disclosed in
US.A 3777169, uses at least one camera to obtain an image from the

10 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 foreigm (i.e. unwanted) particles are
present in the f£luid. In order for the image processing facilities
to be able to distinguish between an image obtained from the
15 container on the one hand, and an image obtained from a particle in
the fluid, a specific spin/stop technique 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
20 (referred to as "“spin"). Secondly, the rotation of the container is
abruptly stopped; the fluid, however, continues to rotate.
Subsequently, 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
25 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 f£luid, will be displaced with respect
to each other in both images, such that they will remain visible
30 after subtractionm.

For obtaining an image of the container and its contents,

various setups have been proposed.
Some of these techniques, as for example disclosed in WO-A-
92/14142, can be consgidered as "transmission mode®: herein, light
35 from a light from a light sourée travels through the container

under 1nvest:.gp.1;:.qn.__and__:hg__gamgra is disposed opposite to
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15 cycles the conpared signal does indicate the prese f.at

l east one noving object. Thanks to said repeated ggﬁé@fMﬁﬂﬂﬁHﬂﬁi
t he chances t hat a particle is invisible to the canmera in all images
are 5 decreased substantially. Because of said repeated
detecting cycle, the neasuring timedwhich is to be spent on any bottle
under investigation is relatively long: in the order of about 1 sec. As
ment i oneg &chf"bﬁi/c%bt E! S BRasHE | i drda Rakls %p%h eUGES{goe wit%
|nvest|ga?|on must _be hel conﬂ]etely stationary wth resSpect to the
canera. FRevREHF of< t HRe flight 1BRUTCRe i nvention rel ates to a health

aspect,

oYRey baddchfigaepr odiared by acphedderedn as |1refliectiiobe back

i nspegt e k. e SS palt i t d he

det ec%i ofrillo‘trlrgt h%%f'%%’uls'fd %r e%‘?a ?ays'lbl%%t sg%%??o%%eageﬁgggﬁﬁ gg{if\]éhgj?hg?ét he
product | BAREAPRARY tInDfikg Cpngents Fpopuener? [WHeER dondispespeaadiacert
first sigbtthd NEsht soukeqi sk thatCenél axis Wt kheacdmerd elakeldowes®all t he

nventio, .. RIQYIASS 3N ABPALAILIS S 85 RE5HOT Wils LHE fef LGl Rele"Bl hoe

10

15

20

25

30

35

source.
A wvariant of these latter techniques can be considered as
reflection sgideways 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. Such
a set-up also is disclosed in US-A-377716% as in US-A-4172524.

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 alsoc extends to such
beverages.

An important aspect in the quality control when producing
bottles filled with beer 1is 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 vary small
particles, in the order of 0.2mm, have proved to be very difficult
to detect : known methods and apparatus and in particular those
disclosed in US-A-3.777.169%9 and WO-A-92/14142 do not detect these
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20 which neets all of said requirenents. According to the

-invention, a detecting apparatus 100 conprises a pl ur@EIPMCWEMESﬁE?I ng
stations 20. Each of said detecting stations 20 conprises a canera 40

as descri bed before, and is capabl& of accepting a bottle 1 at an
entrance 25 position 101, holding the bottle 1 for inspection, and
delivering_the hnspec%gd bottle 1 at an exit_position 102.. In a

I
pr ef er r ed PATYGEHRENF L2 FATAT VARG RTTPRUF L T RFY 3095 bt r anes 21 of
t he stati aediadidieymounted on a second subframe 103 which is rotatably

nounted with reaspe e ' r.d gg?ﬁﬁﬁgp syhfr can
ha\lje thewshapeq?)lg ggugg é?sﬁé%ruggﬁggﬁﬁbo?egns ance, %gnga\%m @?gﬂégei nafter
be r ePECr @PPAZaZYS" aar dvAdtlableTreddyr 688 che 1T TP teRe “OuBf PEREST 21

can be foigregrionieasalvhichSafe Sguligivailly TheoDAddusah Ho8tles bg rotated
by neans of rotation drive neans which are not 35 illustrated for the sake

of sinpli %ﬁf‘ Figure 3 depictss schematically a part of a
producti on a faes208ategoty |df nydbdembeselaved cdetie. shheef bf| edebott| es

1 are JdraneR0’ el B¥efoh’SPSP YA BBRLTEANSs Aed FroiPEBe@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 bottom
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 COz
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.

AEFEALERICNT £:0000
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16 spin/stop station 110, where the bottles 1 are spinned and

. subsequently halted, as described before. After the spi n/StOg‘f.PLf\(ﬁ\ MEHT'S“EET
110, the bottles 1 are fed to the entrance position 101 € carousel
103, where they are introduced into respective neasuring stations 20 by
means of transfer neans 210. . From ?he entrance position 101, the
station 20 with the bottle 1 follows part of the orbit around the

rlgt2 at\IAﬁnal axi &t is é—%r@ratthbﬁéégL?@|t1'£leog..:r:1v5ﬁti€ﬁctlfb tﬂ}%ﬁ&ﬁ) %t?%%. " o
er nmeans a ond transf
rermvedmferg%ﬁ?t REZstTREBF S 3 ?’t rHhsPERTOES ngﬁte"t“frf’ aﬁgg’o‘ﬁeﬁ‘?%naﬂ%ans

202 for reiiehdtimantdr rglass parddcles iptbetoies Milledmishgedbevkradei s

cont 50l k@Ehb¥sapEeP) M wilidh the LBBvehbRtfORéd Prdtlidmsl I BYRILERe. |
i nformati on fromthe inage processing units 50, and controls the reject

unit 120 for 15 rejecting or passing bottles 1 based on the information
obt ai ned from Mheei pagsigndaredyi ngturis sabOpbject of tlecalmseemtfidhetabove

ar r angegeabi a8 Vsioh Ritlde®1ibnCAOt S and apparatus suitable for detecting
glass particles as small as 0.2mm. Preferably, the method and
apparatus should be able to detect glass particles in the range of
10 0.2mm to 10mm (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

15 provide such detection method and apparatus capable of meeting the

above demands, 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 fulfil the above
20 requirements in a cost-efficient way.

The above objectives are obtained by a method of detecting
the presence of glass particles in a bottle filled with a beverage
such as beer, the bottle (1) having a bottom (4) with a central,
inwardly directed convex portion (6);

25 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) ; '

30 <) 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 aligned with the direction
of the central axis (13) of the bottle (1);
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I nvestigated during a specific tine during its stay on the carousel
103, while the nunber of bottles passing the carousel 20 1 ¢ toydel
is identical to the nunber of bottles produced by the-pggﬂgggmgﬁp§ﬂggge

per unit time. In other wor ds, the pacity of the process line 200 is
unaf f ect ed. In a preferred enbédi nent, the nunber of stations 20
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i ncr ease imagenghtseined kynthescawara id4dlsel ; this will lead to an

i nc[1 ease f)n the JhradRieg 2fsddheana éeélgaoa?l &reééneat%&ef&ata ¥ecoffe

m t I ncrease le nu CarOUbe Tt hi nmote
Thor . UnGERSE, b ERHSS by the EARSEE 140), Fhe en0nd, [iade Heing CRCAIned |
has éovahaeaommaﬁmmtln timuxﬁuﬁﬁmrlag #Unmlﬁhedmoahoulﬂp tomevehe AigBorter
or |0nge&mage was obtained;

g) comparing the first and second image signals to obtain a
compared signal;
h) repeating the steps (e)-(g) at least once;

15 i) generating a bottle reject signal if at least one of the

compared signals obtained on step (h) indicates the presence of a

moving cbject.

The above objectives likewise are obtained by a production

line (200) for filling bottles (1) with a beverage such as beer,

20 each bottle (1) having a central axis (13) and a bottom (4) showing

a central, inwardly directed convex portion (6); the production

line (200) comprising a detecting apparatus, a first transportation
means (201) for transporting the filled bottles (1) towards the

detecting apparatus (100) and a second transportation means (202)
25 for transporting the checked bottles (1) away from the detecting

apparatus (100);

the detecting apparatus (100) compriging :

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

fixed world;:;

30 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);

35 an illumination device (30) for generating a bundle of visible
light (31) and to direct this bundle (31) in a direction (32)
substantially aligned with the direction of said central axis (13)
of an accepted bottle (1} held by said holding means (22);
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17 i nput transfer time appear to be necessary, the spin-speed nay

. be adapted to optimse the flow characteristics of the REPIAGERY, gl S
in the bottle during the inspection tine wi ndow. 5 E?hegmi(‘Elre
carousel 103 conprises a plurality of cameras 40 and ~a plurality of

| mage processing units 50, each imageﬁ_ processing unit 50 being

dedi cated to and connected to one camera 40. Power can be supplied to
these |0SLalERE" SnaihPORud) 10 pddbarh@igl |00 cedlausel 10%004™a0s Ofi P! 1P
ar r angeSEPETang o{2bhar gn gnrEiicalc At 481} o ofhethie| eamermi ({29020 beimayi | |
be evi dbintedtat stleh thageipmedassiangatglée o Sih ale rahgbeof 120r088etted

i resct lvyiérp Lhg 8?9&&@&0&0’255?' olfméheldyuﬁcﬁeskg{'?l 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

10 (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 sigmals, to provide a compared
signal, and to communicate said compared signal to said central
15 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).

The above-mentioned and other aspects, 'features and
advantages of the present invention will become more apparent from
20 the following description of a preferred embodiment with reference
tec 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
25 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;
30 figure 5 is a schematical side view of a carousel, which
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processi ng unlt entral control unit 130 conprises a

wi rel ess path trma bossi bl e odi nent, as schematically
illustratediin 20 figure 4, the inmge processing units 50 communi cate with
t he CPU™30—by means of radio signals 52, which can be, for
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a receiver (antenna) 131 1s arranged which is connected to an input of
the CPU 130. The CPU 130 "knows" when this bottle 1 reaches the reject

statiorb 120, Figuue 1 fsoimma&:s‘.maﬂ.lysshdwsaasbée:ammtﬂq' dcthaviigigala t o t he

30 re'ect et t
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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

15 a profile or “knurling" 8. 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 imspection station

20 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

25 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.

30 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 wvisible light 31 and to direct this bundle 31 to the
bottom 4 of the bottle 1 in a direction 32 which substantially

35 is aligned with the central axis 13 of the bottle 1. The width
of the bundle 31 is sufficient to illuminate the hill portiocn
6, and preferably is sufficient to illuminate the bottom 4
completely. The nature and construction of this illumination
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the CPU 130 py[neans of optijcdl signals. The carousel 103§ r
suitably conpri sqeanunrioesal ve guide 132 which is nnunt%gﬁﬂEM %Ysﬁééf
center of the tarousel 1083, xially with the rotational axis of the
carousel 103 i vel guide 8132 may be fixed with respect to
the fixed wotld, i.e. the 5 __bptical wave guide 132 may be arranged
stationary, or-the optical wave guide 132 may be fixed with respect to

the  carquisitde B3.is not thetopilced vy prsair idZefiohs anganged
rotationary

Novr. I he entrance.si of the qptical waye uide . 132
will be thé‘%ﬁ?&e‘n%ﬁ%’.@&?ﬁei %?é‘tjﬁe‘ﬁf'o‘ i Y B’rﬁ fecessary SBr 8vfsgééigﬁﬁjth
an optical perswmifarunggérstandéngdi tge gprésait invenitdeal;s therefole, opti cal
wave guide é&%il@&’?%g%i?%&oﬁt B this £lfhuRinddioRkik WBvgsoui de 132,

an optical receiver . . ] . . .
5 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. '

10 The inspection station 2C 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

15 40. The camera 40 has an optical axis 41 which, according to a
further important aspect of the invention, makes an angle a in
the range of 120° to 150° with the direction 32 of the bundle
31. pPreferably, this angle o is substantially egqual to 135°,
as illustrated in figure 1. The optical axis 41 of the camera

20 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

25 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.

30 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

35 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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to a furtner aspect Of the inventlon, I'S possi ble reduc
costs of th&EQett® SkeaSaFalRiigitiaving two or nore caneras 40 share

one inmage processiheg apdve-mentibhéd s&tdy &Mhé TBBpection station 20
offers important advantageous features, which promote that

10 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 in the direction a;

15 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

20 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

25 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.

30 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-

35 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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5 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”.

35 conprisin
one and the s
only be 12 or
foll owi ng, so

10 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
15 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
20 Dbe 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
25 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
o of the camera, image contributions originating from the
bottle in principle are weaker than image contributions
30 originating from glass particles. Further, in view of the fact
that the camera 40 looks primarily to the region in the
immediate vicinity of the top of the hill portion 6 of the
bottom 4, while avoiding the scuff portion 5 of the bottle
wall 3, the number of image contributions originating from the
35 Dbottle 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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t he CPU %ﬁgknpeﬁﬁy&gcmmgqhggulred nunber of comunication 30 signals is

| i kewi se Treduced. It is noted, in this respect, that a nultiplexer
per se is already known, for instance for use in closed circuit
10 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
15 se: the bottle 1 is made to rotate by means of a rotating
device, and subsequently 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
20 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
25 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.
30 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
35 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 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 fluid pressure is lower. Said flow
should be sufficiently 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 technique 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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10 3) Starting at t = t3, 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
15 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 ty is

about 0.2 sec.

20 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

25 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 programmed 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

30 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

35 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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wefzRet anooming highinfimrsugh &t waye 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 light 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 tji, 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

t hese Ilnes are not scanned in thls
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the tinme for e . compari son process t ns Sor Increase the
i nvesti gat i gielativelyglengy 48 Sberpydehohatwitnilngegsn AntBentiered
conpari $@n, 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.
15 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,
20 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

25 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

30 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

35 illustrated for the sake of simplicity.

Figure 3 depicts schematically a part of a production
line 200 for filling bottles 1 with beer. The filled bottles 1
are transported by a transportation means 201 to reach a
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22 101 of the carousel 103, where they are introduced into
5 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
10 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 receiyes information from the image
processing units 50, and controls the reject unit 120 for
15 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

20 103 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,

25 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
30 Dbased 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.

35 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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unit. processing unit 50 being dedicated to and connected to one
camera 40. Power can be supplied to these instruments on board
10 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
15 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
20 figure 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"
25 of the IPU 50 regarding the bottle 1 under investigation, and
above the carocusel 103 a receiver (antenna) 131 is arranged
which is connected to an input of the CPU 130. The CRU 130
"knows" when this bottle 1 reaches the reject station 120,
and, if necessary, sends a suitable reject signal to the
30 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
35 nmoment 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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. directi ng 132 maynmbea fixey whthf cespest todihe g, 1.e. the

5 optical wave guide 132 may be arranged statlonary, or the
optical wave guide 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

10 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.

15 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 guides.
Transmission by parallel wave guides is possible, for

20 instance, by using ring-shaped detectors 133 arranged
coaxially.

The wave gunide 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

25 that other signal transfer methods, as will be apparent to
skilled persons, may be used in the present invention, too.

As mentioned above, each bottle 1 is viewed by aucamera
40, and each camera 40 is associated with an image processing
30 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
35 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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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;, 402 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 comprlses
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 technigue 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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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 40z radially opposite an active camera 40, will be
inactive. According to the invention, these two opposite
cameras 40p, 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 40, 40p is associated with a switch 72, 72y 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. Each time the selector 70 receives a signal at
his position input 71, 71p, 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
40p, 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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be indicated by L, and the number of re 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

10 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 berore this _
informatation is stored into the corresponding memory element,

15 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

20 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

25 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

30 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

35 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.
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In other words, on a pixel-by-pixel base, a new image is
5 not really compared with the previous 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.

10 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

15 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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b) holding the bottle (1) stationary with respect to a camera
10  (40); | -
c) illuminating the bottle (1) with a 1light bundle (31)

impinging on the bottom (4) of the bottle (1), the direction (32)
of the bundle (31) being substantially aligned with the direction
of the central axis (13) of the bottle (1):
i5 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
20 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;

25 gqg) 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 on step (h) indicates the presence of a
30 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
0.2mm (or even smaller) to 10 mm (or even larger).
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optical sic§FRréses the steps of :

{(al) accelerating the bottle (1) with a substantially constant

5 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
06.5-1.5 sec, preferably about 0.7 sec;

10 (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 c¢laim 3, wherein after the bottle (1)

has come to a stop, a time t, lapses before commencement of step
15 (e).

5. Method according to claim 1, wherein in step (h), the steps

{e) - (g) are repeated to a total of 10-30 times, preferably about 20

times.

6. A production line (200) for filling bottles (1) with a
20 Dbeverage such as beer, each bottle (1) having a central axis (13)
and a bottom (4) showing a cental, inwardly directed convex portion
(6); the production line (200) comprising a detecting apparatus, a
first transportation means (201) for transporting the filled
bottles (1) towards the detecting apparatus (100) and a second
25 transportation means (202) for transporting the checked bottles (1)

away from the detecting apparatus (100);
the detecting apparatus (100) comprising :
a carousel (103) which is rotatably mounted with respect to the
fixed world;

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



5 11. Pr pdiict i 60 S NSHAEEOf di ngly to claim 10, wherein eagh i

processr ng uji ""'T“‘s""(:()‘trp‘r"ed‘-‘t-o n ogtiycal transmtter (53) \/\/{E@MCE@EII&SHEET.

arranged neaf hqq%@twg is of the carousel (103); the— -— central

processing upi ngd coupl g to an op r mhlch

I s arranged 1e n axis o he carou mnmmlmﬁ@jum

Production I ne according to glaimé®6 or , Wher el s of at

I(gg)stw':1 ' ; nb [err]) are coupled to a mul tipl exer
ich'1s ted 't'o _combine these signals into a onbj ned, si gnal

represen@?%@"&g dﬁﬁﬁ%eélz?haﬁ%r(%ﬂ‘)e?% t%‘dprltﬂﬂdgé‘glff" tquetclfongr} 4 nal

to one idpgEgPt quesiiing WHattibbl)yy with rdspect tr eaddt suhfkrame &bef di ng
to clai ”i,g ?i1 %[lza V‘?E&E&é‘ k96 forogeau&at%?t\aome (Vo iBipted
O[err err to

caneras whi ch
adapt ed }oRe| &31) ¢ ﬁé‘dsﬁg’na‘i ??Qfm "alhls bundle vé%bnéf‘a aarfhi‘ﬁf e : g?-?)t he

sel ect edsshgraitialnaligngd @dth priec ddsiecgioni 6 £ (d)d 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

10 subframe (21), an optical axis (41) of the camera (40) being
directed such that it makes an angle @ 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);

15 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

20 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).

25 7. Production line 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. Production line according to claim 6, wherein each image
processing unit (50) is fixed to said carousel (103), and wherein
30 said central processing unit (130) is mounted stationary.

9. Production line according to claim 8, wherein each image
processing unit (50) communicates with said central processing unit

{(130) by radio signals.



&

14. Pr odug I g to claim6, wherein each inmage
“processing unit (50) is adaptieqd to conpare a pixel -of -a. halflhmg %%Fgﬁﬁ-

with the averfage 3% JUl 1999@ sidirectly above m@ ﬁect |y

pi xel , said pixels being part f the half-im ﬂﬁ””"’ rect ly
a production
| i ne accordi nb 1.0 cl r

before said hal T-1nage. A &tecti
10. Production line according to claim 8, wherein each image
procesgsing unit {50) communicates with said central processing unit

El
1

(130) by optical signals.

5 11. Production line accordingly 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 (103), the

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

10 (103).
12. Production line according to claim 6 or 7 , wherein the
outputs of at least two cameras (40,,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
15 the combined signal to one image processing unit (50).

13. Production line according to claim 6 or 7 or 12, wherein the
outputs of two oppositely mounted cameras (40,,40;) are fed to a
selector (70), which is adapted to select the signal from an
active camera and to provide the selected signal to one image

20 processing unit (50).

14. Production line according to claim 6, 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 and directly

below said pixel, said pixels being part of the half—image obtained
25 directly before said half-image. .

15. A detecting apparatus for a production line according to

claim 6 or 8.
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(57) Abstract

This invention provides method and
appararus (100) for detecting small glass
particles (12) in bottles (1) filled with beer
(10). ‘The beer (10) is caused to rotate
with respect to the bottle (1), and successive
images are obtained from the bottle by means
of 2 CCD-camera (40) which is arranged
such that its optical axis (41} makes an angle
a of about 135° with the axis (13) of the
bottle (1), which is iluminated from below.
The successive images are subtracted from
each other to detect refracted light emanating
from glass particles. These measurements are
repeated 2 plurality of times. ‘The invention
thus offers an improvement in sensitivity
and reliability of a detecting method, An
apparatus (100) comprises 2 carousel (103)
with a plurality of cameras dedicated to a
single bottle. A system is described to reduce
costs by having cight cameras share one
image processing unit.
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