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CAMERA FOR DETECTING AN OBJECT STREAM AND METHOD FOR
DETERMINING THE HEIGHT OF OBJECTS

The invention relates to a camera for recording image data of an object stream having
objects of a height moved in a direction of movement relative to the camera and to a
method for determining the height of objects of an object stream according to the

preamble of claims 1 and 10, respectively.

The optical detection of an object stream is an important application case for
automation work in industry or logistics. The objects are frequently conveyed on a
conveyor belt system between different process steps. Some automation work in this
respect requires the detection of the three-dimensional contour of the objects and in
particular a measurement of the height of the object or of the equivalent distance
between the object and the camera with a known distance from the base surface. This
in particular serves for a setting of the focal position of a camera objective or for a
volume detection of the objects where the height does not only enter as a third
dimension, but is also required to convert the surface of the object image in pixels of
the camera into actual measurement units. A specific application example among many
is the sorting of packages or other objects. Identification takes place here as a rule by
reading an optical code. The package volume is, however, an important additional
value and at least the height is an auxiliary value to focus correctly and to associate

codes with the packages.

It is known in the prior art to associate an additional sensor with the camera, such as a
laser scanner that takes over the geometry measurement. However, this means
additional hardware effort and installation effort. 3D cameras that measure distances
themselves, but are much more expensive with respect to 2D cameras and are not of
the same quality in other properties such as the lateral resolution provide another
solution. It is also conceivable to acquire the height from a plurality of image records in
a time interval. The perspective of the object has thereby shifted and the height can
thus be measured according to the principle of a stereo camera. This is, however,
likewise complex and/or expensive and the height value is also available too late for a

focus tracking, for example.

Much more recently, an innovative camera technique has arisen, the so-called event-

based camera. It is also called a neuromorphological camera on the basis of the visual
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cortex. Such cameras have, however, not yet been used in said applications and they
do not offer any possibility of measuring depth values and thus a height of a detected
object. A conventional camera exposes all of its pixels at a regular refresh rate and
then simultaneously reads them in order thus to acquire a number of stationary two-

dimensional images per observed timer period corresponding to the refresh rate.

There is likewise a matrix of pixels in an event-based camera, but neither a fixed
refresh rate nor a common reading of pixels. Instead, each pixel individually checks
whether it determines a change in intensity. Image information is only output or read in
this case, and indeed only by this pixel. Each pixel is thus a kind of independent motion
detector. A detected movement is individually reported as an event. The event-based
camera thereby reacts extremely quickly to the dynamics in the scene. The image data
cannot be intuitively grasped by the human eye in this form because the static image

portions are missing

An event-based camera is, for example, described in a white paper by Prophesee that

can be downloaded from their internet site.

Respective pixel circuits for an event-based camera are known from WO 2015/036592
A1, WO 2017/174579 A1 and WO 2018/073379 A1.

The paper by Gallego, Guillermo, Henri Rebecq, und Davide Scaramuzza, "A unifying
contrast maximization framework for event cameras, with applications to motion, depth,
and optical flow estimation", IEEE Int. Conf. Comput. Vis. Pattern Recog.(CVPR), Vol.
1. 2018 presents methods on how movement, distances, and optical flow can be

determined from the data of an event-based camera.

US 2013/0335595 A1 discloses an apparatus and a method for event-based image
processing, specifically on determining the optical flow that is, as already mentioned,

however, a particularly complex and expensive tool.

An event-based camera is used for code reading in the still unpublished European
application having the file reference 18209953.1. EP 3 505 961 A1, EP 2 693 362 A1
and US 2010/290665A1 disclose various camera-based methods for determining
object dimensions. US 2017/124693 A1 describes the position determination of an

event-based camera relative to an object.
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Against this background, it is the therefore the object of the invention to improve the

height measurement in an object stream by means of a camera.

This object is satisfied by a camera for recording image data of an object stream
having objects of a height moved in a direction of movement relative to the camera and
by a method for determining the height of objects of an object stream according to
claims 1 and 10, respectively. The camera has an image sensor having a plurality of
pixel elements, for example in a linear or matrix arrangement. Image data of an object
stream of objects that move relative to the camera are thus recorded. The height of
these objects is determined by evaluating the image data. Height here means the
extent in the direction toward the camera. If the camera does not observe from above,
it is still the height from the view of the camera even if it would objectively rather be the

width, for instance with a side perspective of the camera.

The invention starts from the basic idea of using an event-based image sensor as the
image sensor. The camera is therefore an event-based camera instead of a
conventional camera having a conventional image sensor. The differences were briefly
discussed in the introduction. The pixels respectively recognize changes in the intensity
instead of simply measuring the respective intensity. Such a change that should
preferably be fast enough and should exceed a noise level is one of the eponymous
events. In addition, signals are only provided or read on such a change in the intensity,
and indeed only by the respective pixel or the respective pixels. The name event-based
image sensor stands for the detection principle independently of other conceivable

names such as a neuromorphological image sensor.

To determine the height of an object, a measurement series is formed when pixels
respectively adjacent in the direction of movement trigger an event, that is when an
object edge respectively passes through the field of view of the pixel. In principle, two
adjacent pixels are sufficient for a linear estimate; however, more and also substantially
more adjacent pixels are preferably used and for this purpose a number is available in
the order of magnitude of the row or column resolution of the event-based image
sensor. If these points in time are now arranged above the respective triggering pixel,
this produces a discrete estimate of the function of the time of the event in dependence
on the pixel and thus on the location on the image sensor in the direction of movement.
This function is compressed or stretched in accordance with the speed at which the
object image of the detected object moves over the image sensor. This speed may not

be confused with the objective speed of the object in real space. The speed of the
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object image on the image sensor varies with the proximity of the object and thus of its
height so that this speed can be converted into the sought height or already measures

this height up to a constant conversion factor.

The invention has the advantage that the height of the objects can be determined in a
particularly simple and robust manner thanks to the event-based image sensor. The
development effort and the required calculation capacities are thereby substantially
reduced. The moved object edges are automatically recognized due to the event-based
detection. A large number of conventional image processing steps are dispensed with
such as background segmentation, object recognition, object tracking over a plurality of
frames to determine their movement. The event-based image sensor is moreover
insensitive to extraneous light. CW light does not cause any intensity change and
consequently does not trigger any events in the pixels. A modulated light source such
as a halogen lamp modulated at 50 Hz can be suppressed by the control and

evaluation unit.

A respective pixel element preferably determines when the intensity detected by the
pixel element changes and delivers event-based image information at exactly this time.
The special behavior of the pixel elements of an event-based camera has already been
addressed multiple times. The pixel element checks whether the detected intensity
changes. Only that is an event and image information is only output or read on an
event. A type of hysteresis is conceivable in which the pixel element still ignores a

defined change of the intensity that is still too small and does not consider it an event.

The pixel element preferably delivers differential information as to whether the intensity
has decreased or increased as the image information. The information read from the
pixel element is therefore, for example, a sign +1 or -1 depending on the direction of
change of the intensity. A threshold for intensity changes can be set here up to which
the pixel element still does not trigger an event. In a subsequent internal representation
for a further evaluation, the value 0 can be added for times at which no event had been

detected.

The pixel element preferably delivers an integrated intensity as the image information
in a time window determined by a change of the intensity. The information is here not
restricted to a direction of the change of intensity, but the incident light is integrated in a

time window fixed by the event and a gray value is thereby determined. The measured
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value thus corresponds to that of a conventional camera, but the point in time of the

detection remains event-based and coupled to a change of intensity.

The respective pixel element provides image information preferably having a refresh
frequency of at least one KHz or even at least ten KHz. The refresh frequency of a
conventional camera is the refresh rate or frame rate. Such a common refresh rate is
unknown to the event-based camera since the pixel elements output or refresh their
image information individually and on an event baes. However, there are extremely
short response times here which would only be able to be achieved with a conventional
camera at huge costs with a thousand or more frames per second; with a refresh
frequency still possible with an event-based camera, this would no longer be
reproducible technically with a conventional camera. This high temporal resolution also
has the advantage that there is practically no motion blur. An object does not move by
a multiple pf pixels within one of the extremely short refresh periods that corresponds

to a conventional exposure time and no blurred image is thus recorded.

The image sensor preferably produces a data flow as the image information from
events that each have coordinate information of the associated pixel element, a piece
of time information, and a piece of intensity information. A conventional data stream
comprises the intensity values or gray values of the pixels and the spatial reference in
the image sensor plane is produced in that all the pixels are read in an ordered
sequence. In the event-based image sensor, data tuples per event are instead
preferably output that make the event associable. The location of the associated pixel
element, the direction 1 of the intensity change, and/or the intensity measured at the
event, and a time stamp are recorded here. Only a few data thereby have to be read

despite the higher effective refresh rate.

The data stream is preferably converted by filling with zeroes into a matrix whose base
is formed by the arrangement of the pixel elements on the image sensor and by the
time. A usual matrix representation is frequently more suitable for the further
processing and consists of a sequence of single frames consecutive in time, i.e. of
layers of the respective intensity distribution over the pixel elements of the image
sensor recorded at a fixed point in time and strung together over time. The granulation
of the direction of time would conventionally be preset by the frame rate; it can be fixed
with a lot more fineness with an event-based camera. A sparse matrix is ultimately
produced by the events; the data stream from the event-based image sensor

corresponds to a representation saving memory and bandwidth.



10

15

20

25

30

35

DK/EP 3813355 T3

The adjacent pixel elements preferably form at least one row arrangement on the
image sensor. It can be achieved by a corresponding alignment of the camera with
respect to the direction of movement that the row arrangement agrees with the rows or
columns of the event-based image sensor. The row arrangement otherwise forms a
line through a plurality of rows and columns. In principle, a row arrangement is
sufficient to measure the speed and thus the height. However, a plurality of the row
arrangements present, or even all of them, in the direction of movement are preferably
evaluated for the height determination. For on the one hand, the lateral position of the
respective object is not known a priori. On the other hand, the use of a plurality of rows
for an agreement or for a redundant measurement having a higher accuracy overall

can be advantageous.

The camera is preferably installed as stationary at a conveying device on which the
objects are conveyed. An important group of applications is thus covered. The
conveyed objects form the object stream. Their direction of movement and speed are
thus just as equally fixed as the height of the conveyor belt as a reference for the

height measurement.

The speed of the objects is preferably predefined for the control and evaluation unit, in
particular by parameterization or connection to a further sensor or to a higher ranking
control. It is not the speed of the object image on the image sensor that is meant here,
but rather the actual speed of the object. This speed is known in advance in some
embodiments and can be parameterized, for instance with a fixed conveying speed. It
is alternatively conceivable that it is measured externally, for example using
incremental encoders at a conveyor belt, or that a conveyor control transfers the speed

at which the object stream is also moved.

The control and evaluation unit is preferably configured to determine the speed of the
objects from the image data in that the speed of the object image of a reference object
at a known distance is determined, in particular a conveyor belt. The camera can also
measure the speed itself. For this purpose, it relates its measurement of the speed of
the object to a reference object at a known distance. The conveyor belt can in

particular be considered for this.

The control and evaluation unit is preferably configured to recognize an optical marker

of the reference object, in particular a modulated light source. The optical marker
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serves to recognize the reference object at a known distance more simply and more
reliably as such. The optical marker can be passive, for instance in the form of
transverse strips on the conveyor belt. Alternatively, light sources are used as optical
markers that use a characteristic flashing sequence, in the simplest case at a specific

modulation frequency.

The relative movement of the object stream is preferably uniform and the control and
evaluation unit is configured to determine a straight compensation line of the
measurement series and its slope as a measure for the height. The determination of
the height by means of an event-based image sensor is simplified even further for the
frequent case of an at least substantially constant speed of the objects. The
measurement series or the discrete function of the events triggered consecutively in
adjacent pixels along the direction of movement thereby acquired then namely
becomes a straight line. The parameters of this straight line can be reconstructed by a
straight compensation line. It is sufficient for this purpose in the simplest case to use
two arbitrary events, preferably at a larger or maximum pixel spacing. Otherwise, all the
known algorithms for a straight line fit are available that include a plurality of or all the
points of the measurement series. The slope of the straight lines is in turn in a linear
relationship with the sought height, that is it only has to be converted by a factor given

by parameters of the camera and its installation position.

The objects preferably have a planar surface facing the camera. This is the case with a
very large number of packages. With a planar top surface, the distance of the object
does not change during the movement through the field of view of the camera.
Deviations from this condition of a planar surface in no way restrict the application of
the teaching in accordance with the invention; however, they do result in certain

measurement errors of the then non-scalar height.

The method in accordance with the invention can be further developed in a similar
manner and shows similar advantages in so doing. Such advantageous features are
described in an exemplary, but not exclusive manner in the subordinate claims

dependent on the independent claims.

The invention will be explained in more detail in the following also with respect to
further features and advantages by way of example with reference to embodiments and

to the enclosed drawing. The Figures of the drawing show in:
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Fig. 1 a representation of a camera that is installed above a conveying device
with objects conveyed thereon;

Fig. 2 an exemplary intensity distribution of a pixel for explaining an event-
based detection of image information;

Fig. 3 exemplary measurement series of points in time at which pixels adjacent
in a direction of movement trigger an even due to an object edge for a
slow and a fast object; and

Fig. 4 a schematic sectional view of the field of view of an event-based camera
through which the objects of different height are conveyed.

Figure 1 shows a camera 10 which is mounted above a conveyor belt 12 which
conveys objects 14 through the field of view 18 of the camera 10, as indicated by the
arrow 16. This stationary use of the camera 10 at a conveyor belt is very common in
practice. The invention, however, initially relates to the camera 10 itself so that neither
the particularly advantageous perspective from above nor the application example in

total may be understood as restrictive.

The camera 10 detects image information of the conveyed objects 14 by an image
sensor 20. This image sensor 20 is an event-based image sensor and the special
features of an event-based image sensor and of the evaluation of its image information
will be explained in more detail further below. Event-based cameras require dynamics
in the recorded scene as otherwise no events are registered. Assembly line
applications are therefore a suitable application since there is a movement of the
objects 14 to be recorded. The optical detection principle using the image sensor 20 is
not bound to any particular geometry or any determined camera design. The image

sensor 20 as a rule comprises a matrix arrangement or row arrangement of pixels.

The actual task of the camera 10 plays a secondary role for the explanation of the
invention. The objects 14 are tested or measured for specific features, for example. A
further development as a camera based code reader is also conceivable with which
then code regions on the objects 14 are detected and the codes applied there are read.
The focus in this description is on a measurement of the height of the objects 14 that is

determined as the actual measurement value or as an auxiliary value.

A control and evaluation circuit 22 is connected for these evaluations to the image
sensor 20 and reads and further processes its image information. The camera 10
outputs information via an interface 24. The function of the control and evaluation unit

22 can also be at least partially provided externally while utilizing the interface 24, for



10

15

20

25

30

35

DK/EP 3813355 T3

-9-

instance by connection to a higher ranking control, to a network, or to a cloud.
Conversely, the camera 10 can receive information from further sensors or from a
higher ranking control via the interface 24 or via a further interface. It is thereby
possible, for example, to communicate a fixed or current conveying speed of the

conveyor belt to the camera 10.

Figure 2 shows in the upper part for the explanation of the functional principle of the
event-based image sensor 20 a purely exemplary temporal intensity development in a
pixel element of the image sensor 20. A conventional image sensor would integrate this
intensity development over a predefined exposure time window; the integrated values
of all the pixel elements would be output in the cycle of a predefined frame rate and

then reset for the next frame.

The pixel element of the event-based image sensor 20 instead reacts to an intensity
change individually and independently of a frame rate. Points in time at which an
intensity change was found are respectively marked by perpendicular lines. Events at
these points in time are shown in the lower part of Figure 2 with plus and minus in
dependence on the direction of the intensity change. It is conceivable that the pixel
element does not react to any and all intensity changes, but only when a certain
threshold has been exceeded. The pixel element is read in an event-based manner at
those points in time at which an intensity change has been recognized and then
outputs the sign. The image information can subsequently still be supplemented by the
value zero at those times at which there was no event so that an image arises over all
the pixel elements of the image sensor 20. This image, unlike as usual with
conventional images, only indicates the moving edges, either object contours,

shadows, or prints.

There are also integrating event-based cameras in addition to such differential event-
based cameras. They react in a very analogous manner to intensity changes. Instead
of outputting the direction of the intensity change, however, the incident light is
integrated in a time window predefined by the event. A gray value is thereby produced.
Differential and integrating event-based cameras have a different hardware design and
the differential event-based camera is faster since it does not require any integration
time window. Reference is additionally made to the patent literature and scientific
literature named in the introduction with reference to the technology of an event-based

camera.
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A sparse three-dimensional data record is produced by the event-based detection of
image information since unlike with a conventional camera every pixel element does
not deliver image information for a fixed time, but only those that that registers an event
in the form of an intensity change. An event is, for example, output as a tuple having
the sign of the intensity change with a differential event-based camera or with a gray
value with an integrating event-based camera, the pixel position on the image sensor
20 in the X and Y directions and a time stamp. Such events can be added to again to
form a conventional matrix by filling up with zeros in a downstream process. Two
dimensions then correspond to the pixel arrangement on the image sensor 20. If the
time is also taken into account, a three-dimensional matrix is produced whose layers
are each two-dimensional movement images and whose third dimension is the time,
preferably with an extremely high time resolution in the range of at most a few
microseconds or even lower. This corresponds to a film having frames formed by the

layers, but at an unusually high frame rate and only a few pixels different from zero.

Figure 3 illustrates how different speeds of the objects 14 are reflected in the data
record. Only one row of pixels oriented in the conveying direction and thus one spatial
dimension is looked at in this respect. If an object 14 enters into the field of view 18 of
the camera 10, these pixels will consecutively register an event, for example triggered
by the moving front edge or by other structures of the object 14 moved by the conveyor
belt 12. The corresponding points in time of these events are entered on the Y axis in
Figure 2 in dependence on the pixel humber and thus on the pixel position in the

direction of movement.

A measurement series of points of time at locations on the image sensor 20 is thus
produced by which the movement of the object image on the image sensor 20 is
described. With a uniform movement of the object 14, this is a straight line; phases of
the acceleration would be expressed in rising or falling curve sections depending on
the sign. The discrete measurement series can be connected to form a continuous

measurement curve or a straight line.

The measurement series is compressed or elongated depending on the speed of the
object image on the image sensor. Examples for two uniformly moved objects 14 of
which one is twice as fast as the other are shown in Figure 3. The one straight line
accordingly has twice the slope of the other and the ratio of the end points in time ti
und t> at which the slower object or the faster object respectively exits the field of view

18 is one to two. In a simple evaluation, the speed of the object image on the image
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sensor 20 could therefore already be measured bay these end points In time. The
slope of a straight line can also be determined from any desired two other
measurement points or even from every single measurement point under the condition
of a common origin. A straight compensation line for a plurality of or for all

measurement points is more robust.

Figure 4 shows a schematic sectional view of the camera 10 and its field of view 18 as
well as two objects 14a-b of different heights that are conveyed through the field of
view 18. Since the lateral extent of the field of view 18 decreases as the proximity to
the camera 10 increases, the speed perceived by the camera 10 for higher objects 14a
is greater than for lower objects 14b. This relationship is even linear in accordance with
the intercept theorem. It is important here to distinguish between the perceived speed,
that is the speed of the object image on the image sensor 14 in pixels/time, and the
real speed of the objects 14a-b. The latter is naturally completely independent of the
height of the objects 14a-b.

With knowledge of the real speed and of the camera parameters, in particular of the
installation height above the conveyor belt 12, the perceived speed measured from the
image data can therefore be converted into the height of the objects 14a-b. Specifically
for this purpose, with a uniform movement, only the slope of the straight lines illustrated

in Figure 3 have to be determined and rescaled with a factor.

In this respect, the speed of the conveyor belt and thus of the objects 14a-b is
parameterized, measured by external sensors, in particular incremental encoders, or is
communicated from a higher ranking control that in turn predefines the speed or
measures it with its own sensors. It is also conceivable to provide the conveyor belt 12
with optical markers and to measure their perceived speed using the method
described. Since the distance of the camera 10 from the conveyor belt 12 is known,
this perceived speed can be converted into the real speed. The optical markers make it
possible to reliably recognize the otherwise structureless conveyor belt 12. Active
markers, for instance with LEDs running along with the conveyor belt, preferably serve
this purpose. They can even produce an unambiguously recognizable optical code, for
instance a flashing sequence, with a regular repetition at a specific frequency often

being sufficient.
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PATENTKRAV

1. Kamera (10), der omfatter en billedsensor (20) med et stort antal
pixelelementer til optagelse af billeddata fra en objektstram, der bevaeges i en
bevaegelsesretning (16) i forhold til kameraet (10), med objekter (14) med en
hejde samt en styre- og analyseenhed (22), der er udformet til ved hjeelp af

billeddataene at bestemme hgjden af et respektivt objekt (14),
kendetegnet ved,

at billedsensoren (20) er en heendelsesbaseret billedsensor, og at styre-
og analyseenheden (22) er udformet til at registrere en maleserie af tidspunkter,
pa hvilke pixelelementer, der ligger ved siden af hinanden i
bevaegelsesretningen, registrerer en haendelse efter hinanden, ud fra maleserien
at bestemme en hastighed af et objektbillede af objektet (14) pa billedsensoren

(20) og bestemme hgjden pa baggrund heraf.
2. Kamera (10) ifalge krav 1,

hvor et respektivt pixelelement konstaterer, nar intensiteten, der
registreres af pixelelementet, eendrer sig, og n@jagtigt pa dette tidspunkt
heendelsesbaseret leverer en billedinformation, hvor pixelelementet seerligt leverer
en differentieret information med hensyn til, om intensiteten er blevet formindsket
eller foraget, og/eller leverer en integreret intensitet i et tidsvindue, der bestemmes

af en eendring af intensiteten.
3. Kamera (10) ifglge krav 1 eller 2,

hvor de tilstadende pixelelementer danner mindst ét reekkearrangement

pa billedsensoren (20), saerligt en reekke eller kolonne i en matrix.
4. Kamera (10) ifelge et af de foregaende krav,

der er monteret stationaert pa en transportanordning (12), som objekterne

(14) transporteres pa.

5. Kamera (10) ifelge et af de foregaende krav,
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hvor hastigheden af objekterne (14) er forudbestemt for styre- og
analyseenheden (22), seerligt ved parametrisering eller forbindelse med en

yderligere sensor eller en overordnet styring.
6. Kamera (10) ifelge et af de foregaende krav,

hvor styre- og analyseenheden (22) er udformet til at bestemme
hastigheden af objekterne (14) pa baggrund af billeddataene, idet hastigheden af
objektbilledet af et referenceobjekt bestemmes i en kendt afstand, seerligt et

transportband (12).
7. Kamera (10) ifalge krav 6,

hvor styre- og analyseenheden (22) er udformet til at registrere en optisk

marker for referenceobjektet (12), seerligt en moduleret lyskilde.
8. Kamera (10) ifelge et af de foregéende krav,

hvor objektstremmens relative beveegelse er ensartet, og hvor styre- og
analyseenheden (22) er udformet til at bestemme en bedst passende ret linje for

maleserien og dennes stigning som mal for hajden.
9. Kamera (10) ifelge et af de foregaende krav,
hvor objekterne (14) har en plan overflade, der vender mod kameraet (10).

10. Fremgangsmade til bestemmelse af hgjden af objekter (14) i en
objektstrem, der beveeger sig i bevaegelsesretning (16), ved hvilken
fremgangsmade billeddata fra objektstrammen optages af en billedsensor (20) med

et stort antal pixelelementer for at bestemme hgjden af et respektivt objekt (14),
kendetegnet ved,

at billeddataene optages med en haendelsesbaseret billedsensor (20), og at
der registreres en maleserie af tidspunkter, pa hvilke pixelelementer, der ligger ved
siden af hinanden i beveegelsesretningen, registrerer en haendelse efter hinanden, og
at der ud fra maleserien bestemmes en hastighed af et objektbillede af objektet (14)

pa billedsensoren (20) og pa baggrund af denne hgjden.
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