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(57) In an apparatus (1) for decorating an outer sur-
face (2a) of an irregularly shaped container (2): a support
structure (4) supports the container (2), the container (2)
having a pre-defined axis of rotation (A); a decoration
applicator (7) applies a decoration onto the outer surface
(2a) of the container (2); an actuator (15) causes a rota-
tion of the container (2) relative to the decoration appli-
cator (7) around the axis of rotation (A). In particular, a
sensor (8) detects an initial rotational orientation of the
container (2) around the rotation axis (A), and a control
unit (10), operatively coupled to the sensor (8) and to the
actuator (15), causes a relative rotation around the axis
of rotation (A) of the container (2) with respect to the
decoration applicator (7) until a pre-determined rotational
orientation is reached, before application of the decora-
tion onto the outer surface (2a) of the container (2).
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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to the field of ap-
paratus for decorating the surface of three-dimensional
objects such as containers. More specifically, the inven-
tion relates to the field of apparatus for decorating the
surface of containers having an irregular surface.

BACKGROUND

[0002] Decorating the external surface of containers
for storing consumables is important for rendering the
containers distinguishable by the end user and for noti-
fying the end user of the type of consumable stored in
the container as well as of other information relating to
its contents. Decorating the external surface of the con-
tainer also plays a significant role in branding the con-
tainers. The decoration generally needs to be applied
during the production of the container and usually no later
than in connection with the filling of the container. The
decoration should be durable enough such that its quality
is not likely to deteriorate significantly when the filled con-
tainer is stored and distributed to the end user.

[0003] Conventionally, containers have been decorat-
ed by applying adhesive labels to their outer surface. To
ensure the durability of the label and its adhesive bond
to the container surface, the label was applied to a dec-
oration surface area that essentially followed the shape
of a cylinder surface. That way, the label could be applied
to the bottle while the bottle was rotated around its lon-
gitudinal axis and the label would be held to the external
surface of the container by an adhesive distributed
across the entire decoration surface area to avoid peel-
off.

[0004] More recently, it has been suggested to deco-
rate containers directly by inkjet printing of its external
surfaces. For example, WO 2012/022746 A1 describes
an apparatus suitable for printing a container with a ver-
tical stack of inkjet print heads while the container is ro-
tated around its longitudinal axis of rotation in front of the
print heads.

[0005] Known apparatuses, such as the one disclosed
in WO 2012/022746 A1, however require the decoration
surface area of the container to be arranged on a com-
plete cylindrical surface with respect to the longitudinal
axis of rotation of the container. This requirement is a
significant limitation for the kind of container that can be
printed with the process and apparatus.

[0006] It is an object of the present invention to en-
hance the state of the art. It is another object of the
present invention to overcome the disadvantages of the
prior art processes and apparatus for decorating the sur-
faces of three dimensional objects such as containers.
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SUMMARY OF THE INVENTION

[0007] This object can be achieved by an apparatus
and method for decorating the surface of an irregularly
shaped container, as defined in the appended claims.

DETAILED DESCRIPTION OF THE FIGURES

[0008] A preferred, non-limiting embodiment of the
present invention will be described by way of example
with reference to the accompanying drawings, in which:

- Figure 1 is a schematic diagram of an apparatus for
decorating the surface of an irregularly shaped con-
tainer, according to an embodiment of the present
solution;

- Figure 2 is a schematic block diagram of a control
unit in the apparatus of Figure 1;

- Figure 3 is a flow chart of operations performed by
the control unit of Figure 2;

- Figures 4-6 are schematic diagrams of an apparatus
for decorating the surface of an irregularly shaped
container, according to further embodiments of the
present solution;

- Figure 7 is a schematic diagram of a machine for
decorating containers, according to a further aspect
of the present solution.

DETAILED DESCRIPTION OF THE INVENTION

[0009] Inone aspect, the present invention provides a
method for decorating the surface of an irregularly
shaped container.

[0010] The term "container" refers to a hollow body
suitable for storing a product such as a consumable, pref-
erably a liquid consumable such as a beverages, cos-
metics, body care consumables, medical consumables,
household consumables, and the like. Yet more prefer-
ably the container is suitable for storing a liquid beverage
such as water, soft drinks, juices, teas, coffees, dairy
products, beers, wines, spirits, and the like. The container
may have a standing surface defined by at least three
contact points for supporting the container on a horizontal
surface. The container may have an axis of rotation which
is perpendicular to the standing surface of the container.
The container may have an opening for accessing the
interior storage volume of the container, preferably an
opening with a circular cross-section such that a screw
cap or other types of closures can be releasably applied
easily. The container may have an axis of rotation that
is perpendicular to the cross-section of the opening. The
cross-section of the opening of the container may be par-
allel to the standing surface of the container.

[0011] The container has a decoration surface area
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which is the part of its outer surface that is intended to
be decorated with the apparatus of the presentinvention.
The decoration surface area is generally large enough
such that the decoration after being applied to the dec-
oration surface area is distinguishable by the end user
of the container. The decoration surface area may be
contiguous or be comprised of several discontinuous
parts such as a first decoration surface area positioned
at a lower body portion of the container and a second
decoration surface area at an upper body portion, or
shoulder, of the container. Other configurations of a plu-
rality of discontinuous parts jointly making up the deco-
ration surface area are within the scope of this invention.
[0012] The term "irregularly shaped container" refers
to a container with an axis of rotation, from which all points
of the decoration surface area do not have an essentially
constant distance, and/or for which the container is not
rotationally invariant. For example, bottle with a triangular
or square cross-section or any other atleast partially non-
circular cross-section is an irregularly shaped container.
The irregularly shaped container may have irregularly
shaped features such as ribs or ridges positioned on an
otherwise cylindrically shaped decoration surface area.
[0013] When decorating the decoration surface area
of an irregularly shaped container it is essential to know
the rotational orientation of the container with respect to
the decoration applicator such that either container can
be rotated to a pre-determined rotational orientation prior
to applying the decoration or that the application of the
decoration can be adjusted to the current orientation of
the container. Without such knowledge, the decoration
will be applied to the decoration surface area with a ran-
dom phase or offset with respect to the rotational orien-
tation of the container. Itis to be noted that the decoration
in general is not rotationally invariant either, such as by
containing letters and other graphical elements.

[0014] The irregularly shaped container has a pre-de-
fined axis of rotation. The pre-defined axis of rotation may
be an axis that is perpendicular to the opening surface
of the container. The pre-defined axis of rotation may be
the axis that is perpendicular to the opening surface of
the container and crosses the opening surface through
its center. The opening surface of the container may be
circular and be positioned at the top of a cylindrically
shaped container end. The cylindrically shaped container
end allows the application of an essentially cylindrical
closure such as a screw top, a sports cap, or a crown.
The pre-defined axis of rotation may be an axis that is
perpendicular to the standing surface of the container.
The pre-defined axis may the axis perpendicular to the
standing surface of the container that crosses the stand-
ing surface through its center. The opening surface may
be parallel to the standing surface of the container. The
pre-defined axis may cross the standing surface and the
opening surface through their respective centers.
[0015] The method of the presentinvention comprises
the step of supporting the container with a support. A
support is any means that is useful for preventing accel-
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eration of the container due to gravitational forces during
the application of the decoration. The support may be
adapted for supporting the container at least three points,
preferably three points that form part of the standing sur-
face of the container. The support may be adapted for
supporting the container at the standing line which is the
set of points of the container base which form part of the
standing surface. For example, the container may have
a circular standing ring comprised in its base and the
support is supporting the container at least a portion of
the standing ring. The container may have a neck ring
and the support may be a gripper supporting the bottle
at the neck ring. The support may be supporting the con-
tainer at the standing surface as well as gripping the neck
of the container. The support may comprise means for
exerting a force onto the container which increases the
friction against the support. For example, a top force may
be applied to the container top in order to increase the
friction against a support supporting the container at the
standing surface.

[0016] The support of the present invention may be
adapted to prevent unwanted rotation of the container
around its rotational axis. Since it is important to know
the orientation of the container during the decoration ap-
plication, an unwanted and uncontrolled change of the
orientation of the container should be avoided as soon
as the container is supported by the support.

[0017] The method of the present invention further
comprises the step of applying a decoration.

[0018] The term "decoration" refers to any material ap-
plied to the outer surface of the container with the objec-
tive of rendering the container distinguishable or to con-
vey information to the user of the container such as the
contents of the container or the brand of the content. The
decoration can take the form of a label that can be applied
directly to the bottle such as by printing. A large variety
of suitable label geometries and materials is well known
in the art. Applying the decoration to the bottle may be
achieved by either applying ink to the surface of the con-
tainer or by activating pigments in the container material
for example by selective irradiation. Suitable devices for
applying ink to the surface of a container and to activate
pigments in container material are well known in the art.
[0019] The decoration applied to the irregularly shaped
container by the method of the present invention is
phased. The term "phased" means that the rotational ori-
entation of the bottle around the pre-defined axis of ro-
tation is defined with respect to the rotational orientation
of the decoration. For example, a word included in the
decoration is intended to be centered on the surface be-
tween two vertical edges of a container having a trian-
gular cross-section and is not supposed to run over an
edge. For example, a label is a phased decoration if the
label is not surrounding the complete circumference of
the container cross-section as is to be applied to a pre-
defined position on the decoration surface of the irregu-
larly shaped container.

[0020] Inthe method of the present invention the dec-
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oration is applied with a decoration applicator. The term
"decoration applicator" refer to any means that is capable
of applying a decoration such as a labeling station for the
application of a label, an ink print head for the application
of ink to the container surface, or an irradiation source
adapted to selective irradiate portion of the container sur-
face. Suitable decoration applicators are well known in
the art.

[0021] During the application of the decoration, the
container is rotated around the axis of rotation relative to
the position of the decoration applicator. The decoration
applicator is generally not able to decorate the entire dec-
oration surface of the irregularly shaped container with-
out being moved relative to the container. The relative
movement of the decoration applicator with respect to
the container can be achieved for example by rotating
the container around the pre-defined axis of rotation while
the decoration applicator is stationary, or the decoration
applicator is rotated around the pre-defined axis of rota-
tion while orientation of the container is fixed, or by ro-
tating the container as well as the decoration applicator
around the axis of rotation. In addition to the rotational
movement, the distance of the decoration applicator to
the pre-defined axis of rotation may be varied during the
application of the decoration. A variation of this distance
can be achieved for example by radially moving the dec-
oration applicator or the container with respect to the pre-
defined axis of rotation of the container.

[0022] The rotation of the irregularly shaped container
may for example be achieved by placing the container
on a rotatable turntable as support. A turntable is a suit-
able means for supporting the container at a part of the
container surface that does not include the decoration
surface. The turntable may support the container at the
standing surface which generally faces downwards and
is not readily visible for the end user. A turntable is further
suitable because it allows for the rotational movement of
the container supported by it, preferably rotation around
an axis that is perpendicular to the standing surface of
the container. The turntable may have any suitable ge-
ometry and preferably has the geometry of the horizon-
tally oriented disk having a circular circumference. The
turntable may further be coupled with a gripper which
holds the container and fixes the rotational orientation of
the container with respect to the support. The gripper
preferably holds the container at a part of the container
surface which does not include any portion of the deco-
ration surface so as to avoid interference with the deco-
ration application process. Preferably, the gripper may
hold the container by its neck. Alternative, the container
may be pressed against the support surface by a means
applying a force component perpendicular to the support
surface and preferably the standing surface. The turnta-
ble may include an actuator such as a step motor option-
ally including a gear for actuating the rotation of the turn-
table. Other suitable actuators such as a cam and a cam
follower are also known in the art. The rotation of the
irregularly shaped container may alternatively be
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achieved by supporting the container with a rotatable
gripper including an actuator for rotating the gripper such
as a step motor optionally including a gear mechanism.
[0023] The rotation of the decoration applicator may
be achieved by mounting the decoration application on
a movable support which is movable along a path in a
circumferential direction with respect to the pre-defined
axis of rotation of the container. The support of the dec-
oration applicator may include an actuator for actuating
the movement in the circumferential direction such as a
step motor optionally including a gear mechanism.
[0024] The support of the container as well as the sup-
port of the decoration applicator may include sensor
means for determining the current rotational and trans-
lational position of the support and the decoration appli-
cator. The sensor may be connected to a control unit for
the apparatus of the present invention for transmitting
the current position to the control unit.

[0025] Inthe method of the presentinvention, the step
of applying the decoration to the container surface is pre-
ceded by the step of determining the initial orientation of
the container with respect to the axis of rotation.

[0026] The determination of the initial orientation may
be achieved optically such as by obtaining an image of
the container in its current orientation and comparing the
image to stored information for example information rep-
resenting images of the container taken at pre-deter-
mined orientations. The obtained image maybe be one
two-dimensional photographic image having a sufficient
resolution for determining the orientation of the irregular
shaped container. The required resolution depends for
example on the specific geometry of the irregularly
shaped container such as the degree of irregularity. The
obtained image may comprise two two-dimensional pho-
tographic images having a sufficient resolution taken
from different positions, either by two cameras or one
movable camera. The obtained images may be a stere-
oscopic photographic image having sufficient resolution,
for example taken by a stereoscopic camera. The ob-
tained image may be three-dimensional photographicim-
age, taken by a three-dimensional camera. A three-di-
mensional photographic image is a two-dimensional pho-
tographic image in which for a plurality of, preferably the
majority of, more preferably essentially all pixels a depth
value has been measured and stored in relation to the
pixel information.

[0027] A suitable device for carrying out the step of
determining the initial orientation may comprise a sensor
for creating a two dimensional photographic image of the
container in its initial orientation. Digital cameras for ob-
taining two dimensional photographic images are well
known in the art. The device may further comprise a
means for illuminating the container while the photo-
graphic image is obtained. The means for illuminating
may be positioned at a certain spatial angle with respect
to the camera in order to increase the distinctiveness of
the photographic images taken at different orientation of
the camera. For example, the illumination means may
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be arranged at angles of 30°, 45°, 69°, or 90° from the
sensor obtaining the photographic image.

[0028] A suitable device for carrying out the step of
determining the initial orientation may further comprise
storage means for storing a number of sensor signals
related to the container at different known orientations
and a processing means for comparing the sensor signal
obtained for the initial orientation of the container with
the stored signals and deriving a value representative for
the initial orientation from the comparison. Suitable elec-
tronic storage and processing means are well known in
the art. Suitable algorithms for comparing sensor signals
are well known in the art for each kind of suitable sensor.
The skilled artisan is capable of selecting and if needed
adapting such algorithms for the present invention. The
suitable algorithm may be provided in the form of a exe-
cutable program code stored in a program storage means
associated with the electronic processing means.
[0029] The suitable device for carrying out the step of
determining the initial orientation may be connected di-
rectly or indirectly to the actuator for the rotatable support
of the container. The suitable device for carrying out the
step of determining the initial orientation may arranged
such that it may control the actuation of the rotatable
support and causes the support to rotate until the pre-
determined rotation of the container is achieved. The
electronic processing means include a program storage
means storing executable program code.

[0030] The determination of the initial orientation may
be achieved holographically such as by obtaining a ho-
lographic recording of the container in its current orien-
tation and comparing the recording to stored information
for example information representing holographic re-
cordings of the container taken at pre-determined orien-
tations.

[0031] The determination of the initial orientation may
be achieved acoustically such as by obtaining an ultra-
sound echo of the container in its current orientation and
comparing the echo to stored information for example
information representing echoes of the container taken
at pre-determined orientations. The ultrasound echo
which is obtained may be the echo of a single ultrasound
wave or may be the interference of the echoes of two or
more ultrasound wave created by one or more ultrasound
sources.

[0032] Inthe method of the present invention, the step
of applying the decoration to the container surface is pre-
ceded by the step of rotating the container around its axis
of rotation relative to the decoration applicator until a pre-
determined orientation is reached. The rotation of the
container around its axis of rotation relative to the deco-
ration applicator can be achieved by rotating the contain-
er around its pre-defined axis of rotation, by rotating the
decoration applicator around the pre-defined axis of ro-
tation or by rotating the container as well as the decora-
tion applicator around the predefined axis of rotation. The
amount of rotation required to reach the pre-determined
orientation is determined in dependence on the initial ro-
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tational orientation of the container such as by determin-
ing the difference in rotational angle between the pre-
determined orientation and the initial orientation.

[0033] The rotation of the container may be controlled
by the control unit of the apparatus of the present inven-
tion which may be controlling the rotational movements
of the container in dependence on the current orientation
of the container.

[0034] Inthe method of the presentinvention, the step
of applying the decoration to the container surface with
a decoration applicator may comprise the step of apply-
ing ink drops from an ink jet print head onto the outer
surface of the container while the container is rotated
around the axis of rotation relative to the ink jet print head.
Suitable ink jet print heads are well known in the art and
are commercially available. The application of the deco-
ration may further comprise a step of pre-treating the
surface suchthat the surface is rendered capable of hold-
ing the ink after the ink is applied. For PET container,
such a treatment could include a plasma treatment. Suit-
able devices for plasma treating the surface of PET con-
tainers are well known in the art. The step of applying
the decoration may further be followed by a step of curing
the applied decoration such as by curing the ink by ex-
posing the decoration to a UV light source. Suitable cur-
able inks are well known in the art.

[0035] Inthe method of the presentinvention, the step
of applying the decoration to the container surface with
adecoration applicator may alternatively comprise a step
of activating an activatable pigment with a laser whereby
the activatable pigment is comprised in the container ma-
terial. Suitable activatable pigments as well as suitable
activation devices such as lasers are well known in the
art.

[0036] In the method for decorating the surface of an
irregularly shaped container, the step of determining the
initial orientation of the container with respect to the axis
of rotation may comprise the step of generating a sensor
output as a result of sensing the orientation of the con-
tainer after said container has been supported with a sup-
port. Optical sensor are capable of generating an output
result such as a digital image that changes in depend-
ence on the rotational orientation of the container. Suit-
able sensors include two-dimension digital cameras,
three-dimensional digital cameras, stereoscopic digital
cameras, holographic digital cameras, and the like. Other
sensors such as ultrasonicimaging sensors are also suit-
able for generating a sensor signal responsive to the ro-
tational orientation of the container.

[0037] In the method for decorating the surface of an
irregularly shaped container, the step of determining the
initial orientation of the container with respect to the axis
of rotation may comprise the step of comparing the sen-
sor output with a plurality of stored sensor outputs cor-
responding to pre-determined container orientations.
Since the container to be decorated can have different
shapes and cross-sections, the sensor output generated
with the actual container orientation is compared to a
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plurality of stored sensor outputs which correspond to
the sensor output at different predetermined container
orientations. The number of sensor outputs for predeter-
mined container orientations that is required for the meth-
od of the method of the present inventions depends on
the required accuracy of the phasing of the decoration
with respect to the container decoration surface area as
well as to the degree of irregularity of the container. The
predetermined orientations may be sampled equidistant-
ly (for example one predetermined orientation at 5° in-
tervals between 0° and 360°) or they may be sample at
uneven intervals in order to have a higher resolution for
certain container orientation.

[0038] In the method for decorating the surface of an
irregularly shaped container, the step of determining the
initial orientation of the container with respect to the axis
of rotation may comprise the step of computing the ori-
entation of the container using the result of the compar-
isons as input. The computation of the actual orientation
may comprise the step of selecting that pre-determined
orientation for which the comparison has with the actual
orientation has yielded the best match. This method re-
quires a relatively high number of stored sensor outputs
at predetermined orientation in order to achieve a high
level of accuracy. The computation may further comprise
a step of interpolating between the sensor outputs of two
adjacent pre-determined container orientation when the
comparison with the actual signal is no matching well
enough with any of the stored sensor signals.

[0039] Thestep ofrotating the containeraround its axis
of rotation relative to the decoration applicator until a pre-
determined orientation is reached can be executed in a
two-step or multistep iterative process with increasing
precision. In the first step the current orientation is deter-
mined with a first level of accuracy and in response to
the sensor signal generated in the first step, the container
is rotated to afirst pre-determined position. The new cur-
rent position is then determined in a second step again
but with higher accuracy. In response to the second sen-
sor signal, the container is then rotated to the second
pre-determined position. The second step can be repeat-
ed until the desired level of precision in the rotational
orientation of the container is reached. In each of the
steps, the same sensor may be used for generating the
sensor signal responsive to the current orientation of the
container. Alternative, different sensors similar sensors
with varying position, a moving sensor capable of gen-
erating sensor signals from different positions can be
used for the different steps of this iterative process.
[0040] In another aspect the present invention pro-
vides an apparatus for decorating the surface of an ir-
regularly shaped container.

[0041] The apparatus for decorating the surface of an
irregularly shaped container comprises a support for sup-
porting the container as described above.

[0042] The apparatus for decorating the surface of an
irregularly shaped container comprises a decoration ap-
plicator for applying a decoration onto the outer surface
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of the container as described above. The decoration ap-
plicator may be rotatably connected to the support. This
rotatable connection allows for rotation of the decoration
applicator relative to the container support. This relative
rotation can be achieved by rotatably mounting the dec-
oration applicator to the apparatus or by rotatably mount-
ing the support to the apparatus. Alternatively, both the
decoration and the support may be rotatably mounted to
the apparatus of the present invention. They may rotate
about the same axis of rotation of or about different axis
of rotation. Preferably, the decoration applicator is rotat-
able around the predetermined axis of rotation of the con-
tainer to be decorated. Preferably, the support is rotata-
ble in such a way that the container when supported by
the support is rotatable around its predetermined axis of
rotation.

[0043] The apparatus for decorating the surface of an
irregularly shaped container comprises an actuator op-
eratively connected to the support or the decoration ap-
plicator for rotating the container around its axis of rota-
tion relative to the decoration applicator. Suitable actua-
tors have been described above.

[0044] The apparatus for decorating the surface of an
irregularly shaped container comprises a sensor for de-
tecting the rotational orientation of the container.

[0045] A suitable sensorfor detecting the rotational ori-
entation of the container is a digital camera capable of
recording a two-dimensional digital image of the contain-
erin its current position. The digital camera may operate
within the optical range or may operate at a different
wavelength such as infra-red, ultraviolet, microwave. A
large number of suitable cameras and industrial sensors
for recording digital images is commercially available.
[0046] Another suitable sensor for detecting the rota-
tional orientation of the container is a stereoscopic digital
camera having at least two separate optical systems and
image sensors for simultaneously taking two images of
the same object from different angles thus simulating the
binocular vision of mammals. The stereoscopic camera
for the present invention may include means for compar-
ing the two images and to generate a resulting stereo
image. Suitable algorithms for generating stereo images
are well known in the art. Many different suitable stere-
oscopic digital cameras and industrial sensors are com-
mercially available.

[0047] Another suitable sensor for detecting the rota-
tional orientation of the container is a 3D digital camera
capable of recoding a two-dimensional digital image to-
gether with depth information for at least some of the
pixels orfor atleast some subsets of pixels. The 3D digital
camera may use a time-of-flight measurement to deter-
mine the distance from the camera to a specific point of
the object. Thus, the 3D camera is capable of measuring
the depth information for a plurality of pixels or subsets
of pixels simultaneously in one iteration. 3D cameras re-
quire the object to be illuminated with a dedicated light
source that pulse with a high frequency of up to 100 MHz.
Suitable 3D cameras and industrial sensors are commer-
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cially available, for example the 3D chip commercially
designated "pmd PhotonIC® 19k-S3" available from Pm-
dtechnologies GmbH in Siegen/Germany or the depth
sensor commercially designated "Argos®3D - P100"
available from Bluetechnix GmbH in Wien/Austria.
[0048] Another suitable sensor for detecting the rota-
tional orientation of the container is an active laser scan-
ner either working according to the time-of-flight or the
triangulation principle. The objectis illuminated by amod-
ulated laser light source and the reflected lightis analyzed
using a camera. In the time-of-flight sensor the laser
source and the camera are essentially collocated one
facing the other, whereas in the triangulation sensor the
light source, the object, and the camera form a triangle.
With laser scanners only one distance of a point on the
object can be measured and hence the light source, the
object, and/or the camera need to be moved in case the
distance of a further point of the object is to be measured.
In the present invention, the number of points required
and their positions depend on the complexity of the shape
of the container and the desired accuracy. A large variety
of suitable laser scanner working according to either prin-
ciple are commercially available from various sources.
[0049] Another suitable sensor for detecting the rota-
tional orientation of the container is a holographic digital
camera recording holographic measurement data repre-
senting the three-dimensional shape of the imaged ob-
ject. The holographic digital camera may use any one of
the following techniques for analyzing the recorded data:
off-axis configuration, phase-shifting holography, fre-
quency-shifting holography, multiplexing of holograms,
super-resolution in digital holography, optical sectioning
in digital holography, combining of holograms and inter-
ferometric microscopy. Suitable holographic digital cam-
eras are known in the art and commercially available.
[0050] The sensor of the apparatus of the present in-
vention may be arranged so that a series of two or more
sensor signals are created while the containeris in rotary
motion and the recorded series of sensor signals is com-
pared to stored sensor signals or series of sensor signals
for determining the current rotational orientation of the
container.

[0051] The sensor in the apparatus of the present in-
vention may be positioned such that the direction of view
onto the container is perpendicular to the pre-determined
axis of orientation of the container and such that the cam-
era will generate a side view of the container. As an al-
ternative, the camera may be arranged so that the direc-
tion of view forms an angle of less than 90° with the pre-
determined axis of orientation of the container. In this
case, the image of the camera will have a perspective
view onto the side surface of the container and may in-
clude some features at the shoulder of the container.
[0052] The apparatus for decorating the surface of an
irregularly shaped container may comprise means for il-
luminating the container while the sensor is generating
the sensor signal responsive to the actual orientation of
the container to be decorated. Through the illumination,

10

15

20

25

30

35

40

45

50

55

the conditions for creating the sensor signal can be stand-
ardized in comparison to relying on factory lighting for
this purpose. The one or more means for illumination
may be positioned at specific positions such that certain
features on the surface of the irregularly shaped contain-
ers create shadows which are in turn reflected in the sen-
sor signal. A large variety of suitable devices for illumi-
nating the container are commercially available.

[0053] The apparatus for decorating the surface of an
irregularly shaped container may comprise a control
means operatively connected to the sensor and to the
actuator causing the actuator to rotate the container
around its axis of rotation relative to the decoration means
until a predetermined rotational orientation is reached.
The controlmeans can be arranged such that an estimate
of the current rotational orientation of the container is
determined and that the actuator is controlled to rotate
the container relative to the decoration applicator to the
pre-determined position. The control means can be ar-
ranged to generate a further sensor signal after the ro-
tation in order to verify the accuracy of the preceding
rotation. The control means may be adapted to initiating
asecond and potentially further rotations of the container
until the pre-determined rotational orientation is reached
with the desired degree of accuracy.

[0054] The control means in the apparatus of the
present invention may further be operatively connected
to the decoration applicator to control the application of
the decoration at a certain time. The control means may
be adapted to both control the relative rotation of the ir-
regularly shaped container and the application of the dec-
oration.

[0055] The apparatus for decorating the surface of an
irregularly shaped container may further comprise a stor-
age means for storing sensor outputs for pre-determined
container orientations. The storage may be operatively
connected to the control means or the sensor means.
[0056] In the apparatus for decorating the surface of
an irregularly shaped container, the support may com-
prise a rotatable turntable for supporting the container
and a gripper connected to the turntable for fixing the
orientation of the container relative to the turntable as
described above.

[0057] In the apparatus for decorating the surface of
anirregularly shaped container, the decoration applicator
may comprise a labeling station for the application of la-
bels to the surface of the irregularly shaped container.
Suitable labeling stations are well known in the art and
are commercially available.

[0058] In the apparatus for decorating the surface of
anirregularly shaped container, the decoration applicator
may comprise an inkjet print head for applying drops of
ink to the outer surface of the container. Suitable inkjet
print heads are known in the art and are commercially
available for example from Xaar plc in Cambridge/UK. A
large variety of suitable inks such as for example UV
curable are also well know and commercially available.
[0059] In the apparatus for decorating the surface of
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an irregularly shaped container, the container surface
may comprise activatable pigments and the decoration
applicator may in that case be a laser for activating the
selected activated pigment. Suitable activatable pig-
ments for being embedded into the container material
are known in the art. The decoration applicator may com-
prise a suitable laser which operates either according to
the mask marking or according to the beam deflection
methods. Suitable laser systems are also well known in
the art.

[0060] Referenceis now made to Figure 1, which sche-
matically shows an apparatus 1 for decorating at least a
portion of an outer surface 2a of an irregularly shaped
container 2, according to one embodiment of the present
solution, the container 2 having a predefined axis of ro-
tation A.

[0061] As previously discussed, the apparatus 1 com-
prises:

- asupport structure 4, configured to support the con-
tainer 2, during decoration operations (and possibly
other operations on the same container 2);

- abaseb5, e.g.including a rotatable turntable, coupled
to the support structure 4 and supporting a bottom
portion of the container 2; the base 5 may be rotat-
ably coupled to the support structure 4 and driven
by an actuator to cause a suitable rotation of the
container 2 around rotation axis Xx;

- a gripper 6, coupled to the support structure 4 for
holding the container 2 at an upper, or neck, portion
thereof; the gripper 6 may be rotatably coupled to
the support structure 4 and driven by a respective
actuator to cause a rotation of the container 2 around
rotation axis Xx;

- a decoration applicator 7, coupled to the support
structure 4, and operable to apply a decoration onto
the outer surface of the container (in any suitable
manner, previously discussed in details, e.g. via
inkjet printing); also the decoration applicator 7 may
be rotatably coupled to the support structure 4 and
may be driven by a respective actuator to cause a
suitable rotation of the container 2 around its rotation
axis Xx;

- a sensor arrangement 8, which may be coupled to
the support structure 4, and is configured to provide
an indication of an initial rotational orientation of the
container 2 with respect to the axis of rotation A
(again, in any suitable manner, previously discussed
in detail, e.g. detecting one or more images of the
container 2);

- acontrol unit 10, operatively coupled to the sensor
8, to acquire sensor signals therefrom, and to one
or more of the above discussed actuators, in order
to control a relative rotation around the axis of rota-
tion A of the container 2 with respect to the decoration
applicator 7; the control unit 10 may also be opera-
tively coupled to the same decoration applicator 7,
in order to control execution of the decoration oper-
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ations.

[0062] In particular, during a preliminary or set-up op-
eration, the control unit 10 is configured to determine an
initial rotational orientation of the container 2 with respect
to the axis of rotation A, based on the sensor signals
provided by the sensor arrangement 8.

[0063] The control unit 10 is moreover configured to
cause, through the controlled actuator, the relative rota-
tion around the axis of rotation A of the container 2 with
respect to the decoration applicator 7, until a predeter-
mined desired rotational orientation is reached, starting
from which the decoration operations of the decoration
applicator 7 may be correctly performed.

[0064] As previously discussed, this relative rotation
may be controlled by the control unit 10 through a re-
spective, or combined, rotation of one or more of the base
5, the gripper 6 or the decoration applicator 7, with re-
spect to the axis of rotation A.

[0065] In more details, and with reference to Figure 2,
control unit 10 of the apparatus 1 for decorating the con-
tainer 2, includes:

- afirstinterface 12, configured to provide a wired or
wireless coupling to the sensor arrangement 8, in
order to receive sensor signals, or sensor outputs,
which are indicative of the initial orientation of the
container 2 with respect to its axis of rotation A;

- asecond interface 14, configured to provide a wired
or wireless coupling to the actuator arrangement,
here denoted with 15, configured to cause the rela-
tive rotation of the container 2 with respect to the
decoration applicator 7;

- aprocessing stage 16, coupled to the first and sec-
ond interfaces 12,14, and configured to implement
a suitable algorithm (which will be discussed in detail
in the following) to determine the initial rotation of
the container 2 based on the sensor signals from the
sensor arrangement 8, and to generate driving sig-
nals for the actuator arrangement 15, to cause the
relative rotation of the container 2 with respect to the
decoration applicator 7, until the pre-determined ro-
tational orientation is reached; as previously dis-
cussed, the algorithm may envisage iterative repe-
tition of the above operations, in order to improve
the accuracy on the final rotational orientation
around rotation axis A of the container 2 with respect
to the decoration applicator 7.

[0066] According to an aspect of the present solution,
control unit 10 may also include a memory 18, coupled
to the processing stage 16, and storing stored sensor
signals or outputs, indicative of predetermined known ro-
tational orientations of the container 2 around rotation
axis A. For example, in case the sensor arrangement 8
includes a digital camera, the stored sensor signals may
include digitalimages of the container 2, taken at different
known predetermined orientations (for example at regu-
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lar, or uneven, angular intervals around rotation axis A).
[0067] The algorithm executed by processing stage 16
of control unit 10 is now discussed with reference to Fig-
ure 3. In particular, control unit 10 may be configured to
execute suitable software instructions, which may be
stored in memory 18, or in a further non volatile memory
or other kind of storing means coupled thereto.

[0068] At a first step 20, control unit 10 acquires the
sensor signals from the sensor arrangement 8, which are
indicative of the initial orientation of the container 2. For
example, control unit 10 acquires one or more digital im-
ages taken by one or more digital cameras in the sensor
arrangement 8.

[0069] Then, atstep 21, processing stage 16 of control
unit 10 retrieves from memory 18 stored sensor signals,
corresponding to a first predetermined known rotational
orientation of the container 2 around rotation axis A.
[0070] Atstep 22, processing stage 16 then execute a
suitable comparison of the acquired sensor signals to the
stored sensor signals, in order to verify a suitable match-
ing between the same signals (any suitable processing
technique may be used for the purpose, and any suitable
matching determined). For example, a comparison of the
acquired and stored images may be performed, and a
correspondence between the pixels of the images may
be used to determine the level of matching between the
digital images.

[0071] In case matching is not verified at step 23, the
algorithm returns to step 21, in order to retrieve further
stored sensor signals, corresponding to a further prede-
termined known rotational orientation of the container 2
around rotation axis A, and to step 22, in order to verify
the possible matching between the acquired and the fur-
ther stored sensor signals.

[0072] In case matching is instead verified at step 23,
processing stage 16 of control unit 10 determines, at step
24, that the initial orientation of the container 2 corre-
sponds to the currently checked predetermined known
rotational orientation of the container 2 around rotation
axis A.

[0073] Then, at step 25, processing stage 16, based
on the determined initial orientation, determines the rel-
ative rotation that is to be applied around rotation axis A
between the container 2 and the decoration applicator 7,
in order to establish a desired starting position for the
application of the decoration. Accordingly, processing
stage 16 generates suitable driving signals for the actu-
ator arrangement 15, to cause the determined relative
rotation.

[0074] Afterwards, decoration operations may be per-
formed, in a known manner, here not discussed in detail.
[0075] As previously underlined, an aspect of the
present solution may envisage one or more iterative rep-
etitions of the previously discussed algorithm, as shown
at step 26, in order to gradually increase accuracy of the
determination of the initial orientation of the container 2
around axis A, until a desired level of accuracy is reached
(and decoration operations may be performed).
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[0076] In particular, at each new iteration, sensor out-
puts are again acquired from the sensor arrangement 8
(after the relative rotation performed in the previous iter-
ation), and their matching checked against the stored
sensor outputs, or any kind of interpolations thereof.
[0077] A possible modification of the apparatus 1 for
decorating a portion of an outer surface 2a of an irregu-
larly shaped container 2 is schematically shown in Figure
4.

[0078] In this embodiment, the base 5 and gripper 6 of
the apparatus 6 are coupled to the support structure 4
via movable braces 30, which allow for a vertical move-
ment thereof, in a direction parallel to the axis of rotation
A.

[0079] This allows, for example, to exert a force onto
the container 2, which increases the friction against the
support structure 4.

[0080] Inthe embodiment schematically shown in Fig-
ure 5, the sensor arrangement 8 includes a camera,
which is arranged so that its direction of view forms an
angle of less than 90° with the axis of rotation A of the
container 2 (the direction of view is thus not orthogonal
to the axis of rotation A).

[0081] Inthe embodiment schematically shown in Fig-
ure 6, the sensor arrangement 8 instead includes two
different cameras, here denoted with 8a, 8b, which are
arranged with respect to the container 2, so as to provide
two digital images taken from different positions and dif-
ferent directions of view (e.g. in order to implement a
stereo imaging system).

[0082] Itis a further aspect of the present invention to
provide a machine for decorating the surfaces of a series
of irregularly shaped containers in a process, preferably
acontinuous process. The machine of the presentinven-
tion comprises a rotatable wheel supporting a plurality of
apparatus for decorating the surface of an irregularly
shaped container, an actuator for rotating the rotatable
wheel, means for supplying one container to one of the
apparatus for decorating the surface of an irregularly
shaped container, means for removing one container
from one of the apparatus for decorating the surface of
anirregularly shaped container. The means for supplying
and removing one container from the apparatus of the
present invention can have the form of a rotary infeed
and outfeed wheel or the form of a transfer star wheel.
[0083] As schematically shown in Figure 7, the ma-
chine, here denoted with 40, may comprise: an input
transfer wheel 42, configured to receive containers 2, e.
g. from a forming machine, upstream in the container
processing flow; a rotatable wheel 44, couple to the input
transfer wheel 42 to receive the containers 2, and carry-
ing a number of apparatuses 1 for decorating the outer
surfaces of the same containers 2, each one configured
to support a respective container 2 with the correspond-
ing support structure 4 and to decorate the outer surface
thereof with the corresponding decoration applicator 7;
and an output transfer wheel 46, coupled to the rotatable
wheel 44 to receive therefrom the decorated containers
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2 and operable to transfer the same decorated containers
2 towards afurther machine, downstreamin the container
processing flow, e.g. a filling or capping machine.
[0084] The advantages of the disclosed invention are
clear from the foregoing description.

[0085] In particular, it is underlined that it allows to ef-
fectively decorate the outer surface of an irregularly
shaped container, irrespectively of the initial orientation
of the same container with respect to a decoration appli-
cator.

[0086] Accordingly, limitations of known solutions for
decorating containers may be overcome.

[0087] Clearly, changes may be made to what is de-
scribed and illustrated herein without, however, depart-
ing from the scope of the present invention, as defined
in the accompanying claims.

[0088] For example, in the apparatus 1, different
means may be provided to cause the relative rotation
between the container 2 and the decoration applicator 7
around the axis of rotation A, as well as different sensors
may be used to provide an indication of the initial orien-
tation of the container 2.

Claims

1. Anapparatus (1) for decorating an outer surface (2a)
of an irregularly shaped container (2), comprising:

- a support structure (4) for supporting the con-
tainer (2), the container (2) having a pre-defined
axis of rotation (A),

- a decoration applicator (7) for applying a dec-
oration onto the outer surface (2a) of the con-
tainer (2),

- an actuator (15) operable to cause a rotation
of the container (2) relative to the decoration ap-
plicator (7) around the axis of rotation (A), char-
acterized by further comprising:

- a sensor (8) for detecting an initial rotational
orientation of the container (2) around the rota-
tion axis (A), and

- a control unit (10), operatively coupled to the
sensor (8) and to the actuator (15), and config-
ured to cause a relative rotation around the axis
of rotation (A) of the container (2) with respect
to the decoration applicator (7) until a pre-deter-
mined rotational orientation is reached, before
application of the decoration onto the outer sur-
face (2a) of the container (2).

2. Theapparatusaccordingtoclaim 1, wherein the con-
trol unit (10) includes a processing stage (16), con-
figured to determine the initial rotational orientation
ofthe container (2) based on sensor signals acquired
from the sensor (8), and to provide control signals
to the actuator (15) to cause the relative rotation
around the axis of rotation (A) of the container (2)
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with respect to the decoration applicator (7), based
on the determined initial rotational orientation.

The apparatus according to claim 2, wherein the con-
trol unit (10) further comprises a memory (18), con-
figured to store sensor outputs for respective pre-
determined container orientations around the axis of
rotation (A); and wherein the processing stage (16)
is coupled to the memory (18) and is configured to
jointly process the sensor signals acquired from the
sensor (8) and the stored sensor outputs, to deter-
mine the initial rotational orientation of the container

).

The apparatus according to claim 3, wherein the
processing stage (16) is configured to execute a
comparison between the sensor signals acquired
from the sensor (8) and the stored sensor outputs,
in order to identify a matching between the acquired
sensor signals and the stored sensor outputs for a
pre-determined container orientation; and to deter-
mine the initial rotational orientation of the container
(2) based on the pre-determined container orienta-
tion corresponding to the matching stored sensor
outputs.

The apparatus according to any of the preceding
claims, wherein the sensor (8) for detecting the initial
rotational orientation of the container (2) is an imag-
ing sensor, configured to provide sensor signals re-
lated to atleastone acquired imagine of the container

(2).

The apparatus according to claim 5, wherein the sen-
sor (8) includes a stereoscopic camera or a 3D video
camera.

The apparatus according to any of the preceding
claims, wherein the decoration applicator (7) is ro-
tatably coupled to the support structure (4).

The apparatus according to any of the preceding
claims, wherein the support structure (4) comprises
a base (5) for supporting the container (2); and
wherein the actuator (15) is coupled to at least one
of the base (5) and the decoration applicator (7) for
causing the rotation of the container (2) relative to
the decoration applicator (7) around the axis of ro-
tation (A).

The apparatus according to claim 8, wherein the sup-
port structure (4) comprises a gripper (6), operable
to fix the orientation of the container (2) relative to
the base (5); wherein the actuator (15) is coupled to
at least one of the base (5), the decoration applicator
(7) and the gripper (6), for causing the rotation of the
container (2) relative to the decoration applicator (7)
around its axis of rotation (A).
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The apparatus according to any of the preceding
claims, wherein the control unit (10) is further cou-
pled to the decoration applicator (7), and is config-
ured to control the decoration applicator (7) to apply
the decoration onto the outer surface (2a) of the con-
tainer (2), after the predetermined rotational orien-
tation of the container (2) around its axis of rotation
(A) relative to the decoration applicator (7) has been
set.

The apparatus according to any of the preceding
claims, wherein the container (2) is a beverage con-
tainer.

The apparatus according to any of the preceding
claims, wherein the decoration applicator (7) com-
prises an inkjet print head for applying drops of ink
to the outer surface (2a) of the container (2).

The apparatus according to any of claims 1-11,
wherein the outer surface (2a) of the container (2)
includes activatable pigments, and the decoration
applicator (7) is a laser for activating the selected
activated pigments.

A rotary machine (40) for decorating a respective
outer surface (2a) of irregularly shaped containers
(2), comprising:

- a rotatable wheel (44) supporting a plurality of
apparatuses (1) for decorating the respective
outer surface (2a) of the irregularly shaped con-
tainers (2), according to any of the preceding
claims;

- input means (42) for supplying containers (2)
to the apparatuses (1) for decorating the outer
surface (2a) thereof; and

- output means (46) for removing the containers
(2) from the apparatuses (1).

A method for decorating an outer surface (2a) of an
irregularly shaped container (2), the container (2)
having a pre-defined axis of rotation (A), the method
comprising the steps of:

- supporting the container (2) with a support
structure (4),

- applying a decoration to the outer surface (2a)
of the container (2) with a decoration applicator
@),

characterized in that the step of applying the
decoration to the outer surface (2a) of the con-
tainer (2) is preceded by the steps of:

- determining an initial rotational orientation of
the container (2) with respect to the axis of ro-
tation (A);

- causing a relative rotation around the axis of
rotation (A) of the container (2) with respect to
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the decoration applicator (7), based on the de-
termined initial rotational orientation, until a pre-
determined rotational orientation is reached.

The method according to claim 15,

wherein the step of determining the initial rotational
orientation of the container (2) with respect to the
axis of rotation (A) comprises the steps of:

- generating a sensor output, as a result of sens-
ing the orientation of the container (2), after said
container (2) has been supported with the sup-
port structure (4);

- processing the sensor output to determine the
initial rotational orientation.

The method according to claim 16, wherein the step
of processing comprises the steps of:

- executing a comparison between the sensor
output and a plurality of stored sensor outputs
corresponding to pre-determined container ori-
entations around the axis of rotation (A);

- computing the initial rotational orientation of
the container (2) based on the result of the com-
parison.

The method according to claim 17, wherein the step
of computing comprises the steps of:

- identifying a matching between the sensor out-
put and the stored sensor output for a pre-de-
termined container orientation; and

- determining the initial rotational orientation of
the container (2) based on the pre-determined
container orientation corresponding to the
matching stored sensor output.

The method according to any of claims 15-18, where-
in the step of supporting the container (2) with a sup-
port structure (4) comprises the step of placing the
container (2) onto a rotatable base (5) and fixing the
orientation of the container (2) relative to the base
(5) with a gripper (6) coupled to the support structure

(4).

The method according to any of claims 15-19, where-
in the step of applying the decoration to the outer
surface (2a) of the container (2) with a decoration
applicator (7) comprises the step of applying ink
drops from an ink jet printhead onto the outer surface
(2a) of the container (2) while the container (2) is
rotated around the axis of rotation (A) relative to the
ink jet print head.

The method according to any of claims 15-19, where-
in the outer surface (2a) of the container (2) com-
prises an activatable pigment and wherein the step
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of applying the decoration to the outer surface (2a)
of the container (2) with a decoration applicator (7)
comprises a step of activating the activatable pig-
ment with a laser.
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