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(57) Abstract: There is described an imaging device for capturing images of at least portions of moving objects. The system com-
prises a stationary camera lens (1 1 ) configured for reproducing an image of at least a portion of each moving object (10) in an ima -
ging plane when said object (10) moves across a capturing region (12). The device further comprises at least one image sensor (13;
23; 33; 43; 53) located in the imaging plane for receiving the reproduced image of the at least a portion of the corresponding moving
object (10) and converting said image into electronic signals. The at least one image sensor (13; 23; 33; 43; 53) is mounted on a
sensor support (14; 24; 34; 44; 54) adapted to be actuated in a manner that the at least one image sensor (13; 23; 33; 43; 53) is
moved in the imaging plane relative to the stationary camera lens (1 1), and in a manner that the motion of said at least one image
sensor (13; 23; 33; 43; 53) is synchronized with the motion of the moving object (10) to be captured. This ensures that there is sub -
stantially no relative movement between the reproduced image in the imaging plane and the image sensor (13; 23; 33; 43; 53) when
said moving object (10) moves across the capturing region (12). As a result motion blur of the captured image of the at least a por-
tion of each moving object (10) is prevented or significantly reduced.
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IMAGING DEVICE FOR CAPTURING IMAGES OF MOVING OBJECTS

FIELD OF THE INVENTION

The present invention relates to an imaging device that is capable of
capturing images of objects moving at high-speed. More specifically, the imaging
device comprises at least one image sensor configured to move synchronically
with the moving object in order to prevent or significantly reduce motion blur of
captured images.

BACKGROUND ART

Industrial manufacturing processes usually comprise control steps, which

may imply capturing and/or analysing images of the objects being manufactured.

In order to capture an image of an object on a manufacturing line with
sufficient quality, an option is to temporarily immobilize the object at a precise
location on the manufacturing line and to take a picture of the immobilized object,
for example with a stationary camera. The object is then moved again along the
manufacturing line. This allows achieving optimal image quality, since the captured
objects are stationary while their image is being taken. A drawback of this option,
however, is that immobilizing the objects being manufactured reduces the
throughput of the manufacturing line, which can be critical in some applications.
Furthermore, locally interrupting the flow of the products being processed on the

manufacturing line is not always possible.

Another option is thus to capture images of the objects to be controlled while
they move on the manufacturing line, which allows maintaining objects in motion at
a constant velocity in order to maximize the throughput of the production line. The
problem of capturing an image of an object in motion is to avoid motion blur that
can reduce the image quality and make it insufficient for performing the controlling

tasks.

US 6,907,103 discloses an imaging system that is capable of capturing
images of moving objects with minimal motion blur. This is achieved by moving a
point source of illumination such that the position from which illumination is

projected is changed as the object moves to ensure that the position of the image
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projected onto an imaging plane remains substantially effectively stationary. The
position from which illumination is projected functions as a point source of
ilumination. An image sensor of the imaging system is positioned in the imaging
plane and receives illumination projected from the position of the illumination
source that passes through the moving object. The image sensor produces
electrical signals in response to the received illumination. Because the image of
the moving object remains effectively stationary on the image sensor, which is
located in the imaging plane, an image of at least a portion of the moving object
can be constructed with minimal blurring and without having to halt the object to

capture an image of it.

The illumination source of this system is preferably x-rays that pass through
the object. Because the projection angle of the illumination source varies
somewhat between two given positions of the object, a slightly different view of the
region of the object will be captured at each position. This could slightly impair the

image quality.

High speed cameras integrating sensor with two-dimensional arrays of pixels
in various resolution (e.g. 640 horizontal by 480 vertical, 1024x1024, 1600x1200,
or any other appropriate resolution) can be used to capture images of moving
objects. However, in order to achieve a sharp image of a moving object, array
sensors need short exposure times, preferably controlled by shuttering
synchronization equipment in order to synchronize the time of the exposure with
the current position of the moving object, and/or powerful strobed illumination in
order to increase the amount of light received by the sensor during exposure, all of
which add to the system complexity and thus costs. Furthermore, large apertures
are generally used in order to compensate for the short exposure time, thereby
limiting the cameras’ depth of field, which can limit their use in cases for example
where several control points on the objects are not in a same plane relative to the

camera’s axis.

Line scan cameras using linear image sensors have been developed for
capturing images of objects moving at high speed. Linear image sensors having a
single line of pixels, the image data captured by the sensor can be read out much
faster than what is achievable with any conventional array sensor. The time delay

between two successive exposures of a linear sensor is thus significantly reduced
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compared to array image sensors. Linear sensors furthermore allow building
continuous images that are not limited in their vertical resolution, thereby reducing
or even avoiding the need of synchronizing the sensor’s exposure timeframe with
the moving objects’ position. The maximum allowable speed of a moving object to
be captured by a line scan camera is basically determined by the camera’s
maximum line rate, i.e. the maximal number of successive sensor exposures in a
given time, and the linear distance of the object that is captured by the linear
sensor at each exposure, which depends on the distance of the object to the
camera, the camera’s optics, etc. Some standard line scan cameras can achieve
maximum line rates of almost 19 kHz, which allows them efficiently capturing
objects moving at a maximal speed in the range of 2 m/s in typical production line

configurations.

Linear sensors however still need a given amount of light exposure in order to
produce usable image data. Increasing a line scan camera’s line rate thus requires
an increased lighting of the moving objects. High speed line scan cameras thus
still require powerful and/or sophisticated lighting solutions.

Another drawback of line scan cameras is that they have a minimal line rate,
so that the moving objects need to travel at a minimal speed in front of the camera
in order to avoid capturing twice the image of a same part of the object.

In an attempt to decrease the lighting requirement of high speed line scan
cameras, so called high sensitivity linear sensors using Time Delay and Integration
(TDI) technology have been developed, in which a linear image of the moving
object is produced by integrating its image captured over a number of rows of
pixels. This technology however does not allow increasing the moving object’s
speed. Another drawback of such high sensitivity line scan cameras is that the
object’s moving direction needs to be perfectly perpendicular to the pixel rows.
Furthermore, such sensors are very sensitive to light or object’s speed variations.

Accordingly, an aim of the present invention is to provide an imaging device
for capturing sharp images of objects moving at very high speed.

Another aim of the present invention is to provide a high speed camera that
allows capturing fast moving objects with a longer depth of field.
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Still another aim of the invention is to provide an imaging device for capturing

sharp images of moving objects with minimal lighting requirements.

SUMMARY OF THE INVENTION

These aims and other advantages are achieved by an imaging device for
capturing images of at least portions of moving objects as set out in independent

claim 1.

These aims and other advantages are achieved in particular by an imaging
device for capturing images of at least portions of moving objects, the device
comprising a stationary camera lens for reproducing an image of at least a portion
of a moving object in an imaging plane when the object moves across a capturing
region, and at least one image sensor located in the imaging plane for receiving
the reproduced image of the portion of the moving object and converting said
image into electronic signals, wherein the image sensor is mounted on a sensor
support adapted to be actuated in a manner that the image sensor is moved in the
imaging plane relative to the stationary camera lens, and in a manner that the
motion of the image sensor is synchronized with the motion of the moving object
while it moves across the capturing region, such that there is substantially no
relative movement between the reproduced image in the imaging plane and the

image sensor when the moving object moves across the capturing region.

Moving the sensor in the imaging plane such that there is substantially no
relative movement between the image to be captured as reproduced in the
imaging plane and the image sensor, allows avoiding motion blur of the captured
image whatever the image sensor's exposure time is. This therefore allows
achieving sharp images of fast moving objects with reduced lighting and/or
apertures. The moving object maximal speed is limited only by the size of the
imaging plane and/or the maximal speed of the image sensor within said imaging
plane.

In addition, the imaging device according to a preferred embodiment of the
invention further comprises conveyor means in the form for example of a conveyor
belt adapted to move said moving objects relative to the ground or for example to a
supporting structure along a given path to bring each moving object across the

capturing region. In this configuration, the camera lens is mounted stationary
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relative to the ground or to the supporting structure. The imaging device according
to this embodiment is well-suited for control quality in a production or for
authenticating products where visual characteristics are used for verification.

The at least one image sensor of the imaging device of the invention can be

an area array image sensor or a linear image sensor.

The sensor support is preferably actuable such that the at least one image
sensor and the moving object move in opposite directions along substantially
parallel rectilinear trajectories when the object moves across the capturing region.

In embodiments, the sensor support is a belt along which a plurality of image
sensors are mounted, the belt being linearly actuable in order to impart a linear
movement to each image sensor when passing above the camera lens while a

moving object to be captured moves across the capturing region.

In other embodiments, the sensor support is a cylindrical support rotatable
about its longitudinal axis, with said longitudinal axis being essentially
perpendicular to the axis of the camera lens, and the at least one image sensor is
mounted on the circumference of the cylindrical support such that it is moved in the
imaging plane relative to the stationary camera lens by rotating the cylindrical

support.

In embodiments, the imaging device comprises a plurality of linear image
sensors mounted on the sensor support, whereas the plurality of linear image
sensors is configured so that at least some of them capture each a part of the
reproduced image when the moving object moves across the capturing region,
wherein the imaging device is configured for reconstituting the image of at least a
portion of the moving object from said parts of the reproduced image taken by

each of the at least some linear image sensors.

In embodiments, the imaging device comprises at least one cluster of image
sensors, each cluster comprising a plurality of linear image sensors mounted on
the sensor support, whereas the plurality of linear image sensors is configured so
that each linear image sensor captures a part of the reproduced image when the
moving object moves across the capturing region, wherein the imaging device is
configured for reconstituting the image of at least a portion of the moving object
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from the parts of the reproduced image taken by each linear image sensor of the
corresponding cluster.

In embodiments, the sensor support is a cylindrical support rotatable about its
longitudinal axis, which is essentially perpendicular to the axis of the camera lens,
and the imaging device comprises a plurality of clusters comprising each a plurality
of linear image sensors mounted on the circumference of the cylindrical support
along disconnected arc of circles, wherein the imaging device is configured for
reconstituting the image of at least a portion of the moving object from parts of the
reproduced image taken by each linear image sensor of the corresponding cluster
while said cylindrical support rotated about an angle corresponding to an arc of

circle.

In embodiments, the sensor support is rotatably actuable to move the at least
one image sensor in the imaging plane of the camera lens as the corresponding
moving object moves across the capturing region. The rotatable sensor support is
then for example configured to be further actuated along a linear direction opposite
to the direction of the moving object when the object moves across the capturing
region. The rotatable sensor support may comprise one image sensor, wherein the
rotatable support is adapted to rotate approximately through 360° between two
captured images of two successive moving objects. The rotatable sensor support
may also comprise N image sensors and be adapted to rotate through 360°/N
between two captured images of two successive moving objects. The N image
sensors are for example mounted at different heights on the rotatable sensor
support in order to capture images at different focal lengths of the camera lens.

The imaging device of the invention preferably comprises a processing unit
that process data relating to the position, the velocity and the distance of each
moving object from the capturing region in order to adapt the speed of the sensor
support to ensure that each moving object is placed in correspondence with an

image sensor when the moving object moves across the capturing region.

The imaging device of the invention preferably comprises a processing unit
that controls the rotation speed of the rotatable sensor support in a manner to
accelerate or decelerate its rotation speed upon an external signal indicating an
approaching moving object to the capturing region in order to position the
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corresponding image sensor above the camera lens when the moving object

moves across the capturing region.

The imaging device of the invention preferably comprises means for

retrieving images from the at least one image sensor by radio waves and optionally

for providing power supply to the at least one image sensor.

BRIEF DESCRIPTION OF FIGURES

The invention will be better understood thanks to the following detailed

description of embodiments with reference to the attached drawings, in which:

Figure 1 shows a schematic view of the imaging device according to an

embodiment of the invention;

Figure 2 shows a schematic view of the imaging device according to another

embodiment of the invention;

Figure 3 shows a schematic view of the imaging device according to yet

another embodiment of the invention;

Figure 4 shows a schematic view of a rotatable sensor support of the imaging

device according to another embodiment of the invention;

Figure 4a and Figures 4b show a schematic front view of the imaging device
comprising the sensor support of Figure 4 while capturing an image of a first,

respectively a second adjacent linear part of a moving object;

Figure 5 shows a schematic view of the imaging device according to still

another embodiment of the invention;

Figure 6 shows a schematic view of the imaging device according to another

embodiment of the invention; and

Figure 7 shows a schematic view of the imaging device according to another

embodiment of the invention.
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DETAILED DESCRIPTION OF THE INVENTION

According to an embodiment of the invention illustrated in Figure 1, the
imaging device is provided with image sensors 13 for capturing the image of
moving objects 10 reproduced by a camera lens 11 in the imaging plane, and for
converting said reproduced image into electronic signals. The term “camera lens”
as used in the present description encompasses any optical device comprising an
optical lens or an assembly of lenses and adapted for reproducing in an imaging
plane behind it, an image of an object located in front of it. The objects 10 are
moved for example by a conveyor belt 15 or by any other conveyor or transport
means. The conveyor belt 15 is for example adapted to move relative to a
supporting structure 15’, while the camera lens 11 is stationary relative to said
supporting structure 15’. Each moving object 10 is brought in turn by the conveyor
belt 15 across a capturing region 12. The capturing region corresponds for
example to the area that is covered by a moving object 10 during the exposure
time defined for the capturing of the image (i.e. exposure time of the photography).

In the embodiment illustrated in Figure 1, the imaging device includes a
sensor support in the form of a belt 14 looped for example over two pulleys 37, 37°
that are diametrically opposed.

Rotation of pulleys 37, 37° moves said belt 14 such that it imparts to each
image sensor 13 in the imaging plane a linear movement relative to the camera
lens 11, in a direction opposite to the direction of the linear movement of the
corresponding moving object 10 in the capturing region 12. The speed of the
image sensor 13 in the imaging plane is synchronized with the motion of the
moving object 10 to be captured, such that there is substantially no relative
movement between the reproduced image in the imaging plane of the
corresponding moving object 10 and the image sensor 13 when said
corresponding moving object 10 moves across the capturing region 12. Other
driving means known from the one skilled in the art and adapted to impart a linear
movement to belt 14 could be contemplated within the frame of the invention.

According to the illustrated embodiment, several image sensors 13 with two-
dimensional arrays of pixels in any appropriate resolution, for example 1024 x
1024 pixels, are disposed along the outer surface of belt 14. The image sensors 13
are for example regularly spaced along the entire belt 14. The spacing between
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the image sensors 13 is for example dimensioned according to the spacing
between two moving objects 10 on the conveyor belt 15, so that at least one mage
sensor 13 is located in the imaging plane each time a moving object 10 is in the
capture region 12.

According to a variant embodiment of the invention illustrated in Figure 2, the
imaging device comprises a plurality of linear image sensors 13 mounted on a belt
14. Linear image sensors 13 comprise a single row of active pixel, such as for
example the CCD 134 image sensor commercialized by Fairchild Imaging, Inc. In
the illustrated example, the linear image sensors are grouped into several clusters
comprising each N linear image sensors 13, whereas N is for example determined
in accordance with the desired definition of the image to be captured. The linear
sensors 13 are preferably mounted on the sensor support 14 with their row of
pixels oriented perpendicularly to the travelling direction of the sensor support 14
and of the conveyor 15.

The clusters are for example arranged along the belt 14 and spaced from
each other by a step that may be determined according to the spacing between
two adjacent objects 10 moving on the conveyor belt 15. Each cluster is for
example configured to take N successive or simultaneous images of adjacent parts
of a moving object 10. The entire image of the corresponding moving object 10 or
portion of interest thereof is then reconstituted from the N images taken by each of
the linear image sensors of the corresponding cluster. The number N of linear
image sensors is for example 1024, while each linear sensor comprises 1024
pixels, thus resulting in an image of a maximum configuration of 1024 x 1024.

In a configuration where the linear sensors 13 of each cluster are activated
successively and not simultaneously, each linear image sensor is preferably
activated shortly before travelling over the center of the camera lens 11, where
distortions are minimized, until shortly after. By activating each linear sensor for
example from half of the exposure time before it is aligned with the camera lens’s
axis until half of the exposure time after it was aligned with the camera lens’s axis,
the exposure time of each linear sensor can be made approximately as long as its
travelling time through the imaging plane of the camera lens 11. This maximal
exposure time is thus significantly longer than the maximal exposure time similarly

achievable with array image sensors, since array image sensors travelling at the
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same speed would stay a much shorter time entirely within the imaging plane. This
thus allows reducing the lighting of the objects 10 and/or reducing the aperture of
the camera lens 11 in order to obtain a greater depth-of field. This advantage can
also be used for maximizing the travelling speed of the linear image sensors 13 in

the imaging plane, which allows capturing images of faster moving objects 10.

According to another embodiment of the invention and with reference to
Figure 3, the imaging device comprises a rotatable cylindrical support 24 having a
circular outer surface, or periphery, along which several image sensors 23 are
positioned. This support 24 is mounted above the camera lens 11 and rotates
around its longitudinal axis 24, which is oriented essentially perpendicular to the
axis 11’ of the camera lens 11 in order to bring each image sensor 23 in turn in the
imaging plane of the camera lens 11 while a corresponding moving object 10

moves across the capturing region 12.

In a variant embodiment, each image sensor 23 is mounted on a holder (not
shown) designed to compensate the curvature of the circular outer surface 25 of
support 24 in order to make sure that each image sensor 23 is entirely positioned

flat in the imaging plane while capturing the corresponding image.

In yet a variant embodiment illustrated in the Figures 4, 4a and 4b, the
imaging device comprises a plurality of linear image sensors 33, for example M
linear image sensor of 1’024 pixels each or of any other suitable definition, that are
mounted adjacent to each other around the surface of a cylindrical sensor support
34. The cylinder 34 is mounted to rotate about an axis 34’ perpendicular to the axis
of the camera lens 11 in order to bring each linear image sensor 33 in turn in the
imaging plane while the corresponding moving object 10 moves across the
capturing region 12. A processing unit (not shown) is coupled with a motor (not
shown) and processes data relating to the position, the velocity and the distance of
the moving object 10 from the capturing region 12 in order to adapt the speed of
rotation of the cylinder 34 such that each line scan sensor 33 is brought in
correspondence with a specific part of the moving object 10 when it moves across
said capturing region 12. In this configuration, the cylinder 34 is for example
adapted to rotate through 360°/M between two captured images of two successive
adjacent parts of the moving object 10. The image of the portion of interest of the
moving object 10 is then reconstituted from N partial images taken each by a
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corresponding linear imaging sensor 33, whereas N is determined by the size
and/or the definition of the desired image. The diameter of the cylinder 34 and the
number of linear sensors 33 are parameters than can be adapted for example
according to the size of the object to be monitored and the resolution sought.

According to a variant embodiment of the invention illustrated in Figure 5, the

imaging device comprises several clusters of N linear sensors 33 mounted around
the periphery of the cylinder 34 along disconnected arc of circles a. The N linear

image sensors 33 of each cluster are configured to take N successive images of
adjacent parts of a moving object 10 while the cylinder rotates about an angle

corresponding to a.. In this configuration, an entire image of the portion of interest

of the moving object 10 is reconstituted from N partial successive images taken by
the N linear image sensors 33 of a same cluster.

In still another embodiment of the invention illustrated in Figure 6, an image
sensor 43, with a two-dimensional array of pixels, is for example mounted on a
rotatable disc 44 that is brought into rotation in an imaging plane of camera lens 11
by a motor 49. The disc 44 is for example axially connected to motor 49 through a
shaft 48. Rotation of disc 44 moves the image sensor 43 in said imaging plane in a
direction substantially opposite to the direction of the moving object 10 to be

captured when said object 10 moves across the capturing region 12.

A processing unit (not shown) is coupled with motor 49 and processes data
relating to the position, the velocity and the distance of each moving object 10 from
the capturing region 12 in order to adapt the speed of rotatable disc 44 in a way
that image sensor 43 is brought in correspondence with each moving object 10
when it moves across said capturing region 12. In this configuration, the rotatable
disc 44 rotates approximately through 360° between two captured images of two
successive moving objects 10.

In other embodiments, the rotation speed of rotatable disc 44 is constant and
determined on the basis of the time interval between two successive objects 10
crossing the capturing region 12. The rotation speed of disc 44 is for example set
such that disc 44 rotates at constant speed through 360° during the time interval
separating two successive objects 10 crossing the capturing region 12. Once the
rotation speed of disc 44 is set, the distance of image sensor 43, in particular the
distance of the centre of image sensor 43, to the rotation axis of disc 44 is
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determined such that the linear speed of sensor 43 while capturing the image of a
moving object 10 reproduced by camera lens 11 matches the speed of said object
10 moving across the capturing region 12, in particular such that the linear speed
of sensor 43 is substantially equal to the speed of the reproduced image in the

imaging plane.

Rotation speed of disc 44 and distance of the centre of image sensor 43 from
the rotation axis of disc 44 are thus controlled and/or determined to move image
sensor 43 in the imaging plane relative to stationary camera lens 11 while the
moving object 10 moves across the capturing region 12, in a manner that there is
substantially no relative movement between the reproduced image of said moving
object 10 in the imaging plane and image sensor 43 as shown in Figure 6.

By moving image sensor 43 in this manner, motion blur of the captured
images is prevented or at least significantly reduced without the need to halt the
moving object and to allow the object to settle before capturing an image of it.
Moving image sensor 43 in the imaging plane according to the invention also
allows using relatively long exposure times given the speed of the moving object
10, which can reach one to several meters per second, which in turn allows using
relatively small apertures, thus resulting in captured images having greater depth
of field.

The object 10 moving for example along a rectilinear trajectory, and the
diameter of rotatable disc 44 should be preferably large enough so that the
movement of image sensor 43 located at the periphery of said disc 44 can be
considered as being almost linear during the exposure time of the imaging system
thereby improving the quality of the image as both the corresponding moving
object 10 and image sensor 43 move in opposite directions along a same

rectilinear axis.

In a variant, image sensor 43 is mounted for example on a piezoelectric
device (not shown) mounted on disc 44, wherein the piezoelectric device is
activated to rotate image sensor 43 in a direction opposite to the rotation of
rotatable disc 44 while capturing the image of an object 10 moving across the
capturing region 12 (i.e. during the exposure time of the imaging device) in a
manner that both the image sensor 43 and the moving object 10 move linearly
relative to each other thereby preventing distortion of the image. According to this
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variant, the size of disc 44 can be kept small without impacting on the quality of the
image, thereby providing for a more compact imaging device. The smaller disc 44
is, the more important the rotation of image sensor 43 relative to disc 44 must be in
order to compensate the non-linearity of the disc’s movement in the imaging plane.

In another variant, the imaging device according to the invention can be
developed to integrate driving means adapted to advantageously further actuate
rotatable disc 44 along a linear direction in the imaging plane opposite to the
direction of the moving object 10, when said object 10 moves across the capturing
region 12.

In a further embodiment, the imaging device is adapted to impart linear and
rotational movement to rotatable disc 44 in sequence order. More particularly,
rotational and linear movements are dissociated in a manner that disc 44 is first
rationally actuated to bring image sensor 43 near the area of the imaging plane
where the image of moving object 10 is set to be reproduced, and then linearly
actuated when said moving object 10 moves across the capturing region 12.

The imaging device preferably comprises guiding means (not shown)
adapted to cooperate with the circumferential edge of disc 44 to prevent or reduce

vibration which could significantly impair the quality of the reproduced image.

According to another embodiment of the invention as illustrated by way of
example in Figure 7, the imaging device comprises a rotatable support 54 in the
form of a disc that is adapted to hold N image sensors 53 (N being for example
comprised between 2 and 12) regularly spread along a circle centred on the
support’s centre. Each image sensor 53 is arranged to move above the camera
lens 11 while their respective moving object 10 are brought in turn by conveyor belt
25 across the capturing region 12. In this configuration, rotatable support 54 is
adapted to rotate through 360°/N between two captured images of two successive
moving objects 10.

The imaging device according to the invention also comprises means for
retrieving images data from the moving image sensor(s) and/or for powering and
controlling said sensors. These means may for example include electrical and/or
optical contacts, such as for example slip rings, brush contacts, and/or any other
appropriate contacts, possibly including wireless connections.
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The imaging device according to any one of above-described embodiments
of the invention preferably further comprises a processing unit that processes data
relating to the position, the velocity and the distance of each moving object from
the capturing region in order to adapt the speed of the sensor support to ensure
that each moving object is placed in correspondence with the one image sensor or
the corresponding image sensor when each moving object moves across the

capturing region.

Alternately, the imaging device according to any one of these embodiments
further comprises a processing unit that controls the rotation speed of the sensor
support in a manner to accelerate or decelerate its speed upon reception of an
external signal triggered when the moving object is about to move across the
capturing region. Consequently, the corresponding image sensor is positioned
above the camera lens when the moving object moves across said capturing

region.

These could be achieved by conventional algorithms which can be
considered as part of the general knowledge of the person skilled in the art and will
therefore not be described therein.

According to the present invention, the sensor support may be of various
configurations for linearly moving the image sensor(s) in the imaging plane.
Preferably, the sensor support is configured to move the sensor(s) always in the
same direction along a closed loop.

It should be noted that the above-described embodiments of the present
invention are only examples of possible implementations. Those skilled in the art
will understand from the present disclosure that many variations and modifications
may be made to the embodiments described herein without departing from the
scope of the present invention which is defined by the appended claims. Certain
features of one embodiment could be transposed to any one of the other
embodiments. For instance, piezoelectric device used for the application described
in the first embodiment could well be connected to each sensor of the second
embodiment to achieve the same effect, namely to prevent distortion of the
captured image. In addition, while the imaging system is well-suited for control
quality in a production line, or for authenticating products where visual
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characteristics are used for verification, it could also be used for instance for flying

targets picturing or for picturing in a vibrating environment.



10

15

20

25

30

WO 2013/144331 16 PCT/EP2013/056799

1.

CLAIMS

Imaging device for capturing images of at least portions of moving objects
(10), the device comprising a stationary camera lens (11) for reproducing an
image of at least a portion of a moving object (10) in an imaging plane when
said object (10) moves across a capturing region (12), and at least one image
sensor (13; 23; 33; 43; 53) located in the imaging plane for receiving the
reproduced image of the at least a portion of the moving object (10) and
converting said image into electronic signals,
characterized in that

the at least one image sensor (13; 23; 33; 43; 53) is mounted on a sensor
support (14; 24; 34; 44; 54) adapted to be actuated in a manner that the at
least one image sensor (13; 23; 33; 43; 53) is moved in the imaging plane
relative to the stationary camera lens (11), and in a manner that the motion of
said at least one image sensor (13; 23; 33; 43; 53) is synchronized with the
motion of the moving object (10), while said moving object (10) moves across
the capturing region (12), such that there is substantially no relative
movement between the reproduced image in the imaging plane and the
image sensor (13; 23; 33; 43; 53) when said moving object (10) moves
across the capturing region (12).

Imaging device according to claim 1, wherein the at least one image sensor
(13; 23; 33; 43; 53) is an area array image sensor or a linear image sensor.

Imaging device according to one of the preceding claims, wherein the sensor
support (14; 24; 34; 44; 54) is actuable such that the at least one image
sensor (13; 23; 33; 43; 53) and the moving object (10) move in opposite
directions along substantially parallel rectilinear trajectories when said object

(10) moves across the capturing region (12).

Imaging device according to one of the preceding claims, further comprising
conveyor means adapted to bring said moving object (10) across the
capturing region (12), wherein conveyor means comprises a conveyor belt
(15) adapted to move relative to a supporting structure (15’) and the camera
lens (11) is mounted stationary relative to the supporting structure (15’).
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5.

Imaging device according to one of the preceding claims, wherein the sensor
support is a belt (14) along which a plurality of image sensors (13) are
mounted, said belt (14) being linearly actuable in order to impart a linear
movement to each image sensor (13) when passing above the camera lens
(11) while a moving object (10) to be captured moves across the capturing
region (12).

Imaging device according to one of claims 1 to 4, wherein the sensor support
is a cylindrical support (24; 34) rotatable about its longitudinal axis (24’, 34°),
with said longitudinal axis (24’, 34’) being essentially perpendicular to the axis
of the camera lens (11), wherein said at least one image sensor (23; 33) is
mounted on the circumference of said cylindrical support (24; 34) such that
said at least one image sensor (23; 33) is moved in the imaging plane relative
to the stationary camera lens (11) by rotating said cylindrical support.

Imaging device according to one of the preceding claims, comprising a
plurality of linear image sensors (13, 33) mounted on said sensor support (14;
34), said plurality of linear image sensors (13, 33) being configured so that at
least some of said plurality of linear image sensors (13) capture each a part
of said reproduced image when said moving object (10) moves across the
capturing region (12), wherein said imaging device is configured for
reconstituting said image of at least a portion of said moving object (10) from
said parts of said reproduced image taken by each of said at least some

linear image sensors.

Imaging device according to one of the preceding claims, comprising at least
one cluster of image sensors, each of said at least one cluster comprising a
plurality of linear image sensors (13, 33) mounted on said sensor support (14;
34), wherein said at least one cluster is configured so that each linear image
sensor of at least one cluster captures a part of said reproduced image when
said moving object (10) moves across the capturing region (12), wherein said
imaging device is configured for reconstituting said image of at least a portion
of said moving object (10) from said parts of said reproduced image taken by
each linear image sensor (13, 33) of said at least one cluster.

Imaging device according to the preceding claim, wherein said sensor
support is a cylindrical support (34) rotatable about its longitudinal axis, with
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10.

11.

12.

13.

14.

15.

said longitudinal axis being essentially perpendicular to the axis of the
camera lens (11), comprising a plurality of clusters, each cluster comprising a
plurality of linear image sensors (33) mounted on the circumference of said
cylindrical support (34) along disconnected arc of circles (o), wherein said
imaging device is configured for reconstituting said image of at least a portion
of said moving object (10) from parts of said reproduced image taken by each

linear image sensor (33) of said plurality of linear image sensors while said

cylindrical support (34) rotated about an angle corresponding to a.

Imaging device according to one of claims 1 to 4, wherein the sensor support
(44; 54) is rotatably actuable to move the at least one image sensor (43; 53)
in the imaging plane of the camera lens (11) as the corresponding moving

object (10) moves across the capturing region (12).

Imaging device according to claim 10, wherein the rotatable sensor support
(44; 54) is configured to be further actuated along a linear direction opposite
to the direction of the moving object (10) when said object (10) moves across

the capturing region (12).

Imaging device according to claim 10 or 11, wherein the rotatable sensor
support (44) comprises one image sensor (43), said rotatable support (44)
being adapted to rotate approximately through 360° between two captured

images of two successive moving objects (10).

Imaging device according to claim 10 or 11, wherein the rotatable sensor
support (54) comprises N image sensors (53), said rotatable support (54)
being adapted to rotate through 360°/N between two captured images of two

successive moving objects (10).

Imaging device according to claim 13, wherein said N image sensors (53) are
mounted at different heights on the rotatable sensor support (54) in order to
capture images at different focal lengths of the camera lens (11).

Imaging device according to any one of the preceding claims, further
comprising a processing unit that process data relating to the position, the
velocity and the distance of each moving object (10) from the capturing
region (12) in order to adapt the speed of the sensor support (14; 24; 34; 44;

54) to ensure that each moving object (10) is placed in correspondence with
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16.

17.

an image sensor (13; 23; 33; 43; 53) when said moving object (10) moves

across the capturing region (12).

Imaging device according to any one of the preceding claims, further
comprising a processing unit that controls the rotation speed of the rotatable
sensor support (14; 24; 34; 44; 54) in a manner to accelerate or decelerate its
rotation speed upon an external signal indicating an approaching moving
object (10) to the capturing region (12) in order to position the corresponding
image sensor (13; 23; 33; 43; 53) above the camera lens (11) when the

moving object (10) moves across the capturing region (12).

Imaging device according to any one of the preceding claims, further
comprising means for retrieving images from the at least one image sensor
(13; 23; 33; 43; 53) by radio waves and optionally for providing power supply
to the at least one image sensor (13; 23; 33; 43; 53).
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