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Abstract

The invention relates 1o a method for the position determination of an object (6. 6a..6d).
which is conveyed on a conveying device (la..1c). In this process. a deviation (AP) between a
position (Ps¢) of the object (6, 6a..6d), which is calculated with the aid of rotation signals
from the drives (M) for conveyor elements (2, 2m. 21) of the conveying device (la..1¢). and a
position (P;..Ps) of a detection area (E ,E») of a sensor (1.;..Ls) fixedly installed on the con-
veying device (6, 6a..6d) is determined and used for calculating a corrected position (Pyon) of
the object (6, 6a..6d) during a movement of the object (6. 6a..6d) away from this detection
area (E; ,E2). Furthermore, a conveying device (la..lc) for performing the presented method

is indicated.

Fig. 7
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METHOD AND CONVEYING DEVICE FOR THE IMPROVED POSITION DETERMI-
NATION OF AN OBJECT TRANSPORTED ON THE CONVEYING DEVICE

The invention relates to a method for the position determination of an object, which is con-
veved on a conveying device by means of conveyor elements. and comprises the steps:

a) setting a positional value, which is assigned to the object in a controller of the con-
veying device, to the position of a first detection area of a first sensor fixedly installed on the
conveying device. when the object is detected in the first detection area;

b) calculating a position of the object with the aid of rotation signals from drives for the
conveyor elements of the conveying device, starting from the position of the first detection
area during a movement of the object away from the first detection area. and

¢) setting the positional value, which is assigned to the object in the controller of the
conveying device, to the position of a second detection area of the first sensor or of a second
sensor fixedly installed on the conveying device. when the object is detected in the second de-

tection area.

The invention further relates to a conveying device with a controller for the position determi-
nation of an object conveyed on the conveying device by means of conveyor clements.
wherein the controller is configured to:

a) set a positional value, which is assigned to the object in the controller of the convey-
ing device. to the position of a first detection area of a first sensor fixedly installed on the con-
veying device, when the object is detected in the first detection area:

b) calculate a position of the object with the aid of rotation signals from drives for the
conveyor elements of the conveying device, starting from the position of the first detection
arca during a movement of the object away from the first detection arca. and

¢) set the positional value, which is assigned to the object in the controller of the con-
veying device, to the position of a second detection area of the first sensor or of a second sen-
sor fixedly installed on the conveying device, when the object is detected in the second dctec-

tion area.

Such a method and such a conveying device are in general known from the prior art. For ex-
ample, the position of the object can generally be calculated there with the aid of rotation sig-

nals from drives for conveyor elements of the conveying device. for instance with the aid of a
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rotary encoder or a Hall sensor of a drive motor of the conveyor roller and the circumference
of the conveyor roller (step b). Unforeseen events, such as slipping of conveyor rollers. a col-
lision of two objects and so on, may lead to the calculated position sometimes deviating
greatly from the real position. Therefore, the positional value of the object is (re)set in the
controller of the conveying device to known positions of sensors, which are fixedly installed

along the conveying device (steps a and c).

However, more current research has shown that not only unforeseen events lead to a deviation
of the calculated position from the real position but that there are also systematic deviations,
which always occur, even if they are usually significantly smaller than the deviations caused
by the unforeseen events. Continually increasing requirements for the positioning accuracy on
conveying devices of merchandise trade, however, lead to even these small deviations having
a disruptive effect on the processes happening on a conveying device, in particular in a stor-

age and order-picking system.

Moreover, US 5,070,995 A discloses a conveying system for producing exact distances be-
tween objects, which are conveyed inward at random distances. For this purpose. a plurality
of conveyor belts are driven independently of each other. wherein the speed of the conveyor
belts represents a function of the positioning error. The speed of the conveyor belts is adapted

such that the specified distances between the objects are created.

Therefore, one object is to improve the position determination of an object transported on the

conveying device. In particular, systematically occurring deviations are also to be considered.

The object of the invention is achieved by a method of the initially mentioned type, which ad-
ditionally comprises the following steps:

d) determining a deviation between the position calculated by means of the rotation sig-
nals from the drives and the position of the second detection area after the object has been de-
tected in the second detection area, and

e) using the determined deviation for calculating a corrected position of the object with
the aid of the rotation signals from the drives during a movement of the object away from the

second detection area.

The object of the invention is also achieved by a conveying device of the initially mentioned

type. in which the controller is additionally configured to
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d) determine a deviation between the position calculated by means of the rotation sig-
nals from the drives and the position of the second detection area after the object has been de-
tected in the second detection area, and

e) use the determined deviation for calculating a corrected position of the object with
the aid of the rotation signals from the drives during a movement of the object away from the

second detection area.

By the suggested measures, the corrected position calculated by means of the rotation signals
from the drives corresponds more closely to the real or actual position of the object on the

conveying device.

In general. the described method can be carried out without an explicit specification of a tar-
get position for an object, however, in particular. the method is also suitable in the context of
a position control for the objects. In this case. the controller specifies a target position for the
object. the adherence to which is checked with the aid of the corrected position. In this regard.
the conveyor elements and/or their drives form the adjustment members of the control loop
and can simultaneously be a part of the position measuring system. and the controller assumes
or comprises the function of the (position) control (closed loop control). Other control loops
such as those for controlling a rotational speed and/or a drive torque of a conveyor roller are

of course possible in addition or as an alternative thereto.

Thus, one feature of the suggested measure is that the creation of a physical actual position of
an object in the sense of the greatest possible correspondence between the desired target posi-
tion and the real actual position of the object (position control) is not the focus a priori. but
that the greatest possible correspondence between the assumed/determined actual position and
the real actual position is aimed for. In other words. the measured position is intended 1o re-
flect the real actual position of the object as well as possible, meaning that the measuring crror
or the measuring inaccuracy is to be as little as possible. Although it is obvious that thercby, a
desired target position can also be reached with a high accuracy. it is still a further aspect of
the method. Consequently, the invention primarily relates to a measuring method and only

secondarily to a control method.

By the suggested measures, the number of the finedly-instalied sensors can be significantly
reduced compared to known solutions. In the simplest embodiment. only two fixed sensors

are required for the suggested method. Although basically. only one single fixedly-installed
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sensor (and thus actually fewer than the least amount of sensors necessary for the suggested
method) is necessary for synchronizing the position measured with the aid of rotation signals
from the drives with the absolute position of a fixedly-installed sensor. in total. the suggested
measures do result in an economization on a conveyor system. In fact. in known systems. in
case of a systematic error in the position determination by means of the rotation signals from
the drives. the position measured by means of the drives has to be synchronized with the ab-
solute position of fixedly-installed sensors over and over again. The size of a real conveyor
system requires a plurality of such corrections in order to keep the error in the position deter-
mination by means of the drives within acceptable limits. Ideally. however. only two fixedly-
installed sensors are required for the suggested method (namely. when a systematic error in
the position determination by means of the rotation signals from the drives can be completely
eliminated by the suggested measures). However, at least the number of further required cor-
rections of the measured object position can be reduced by fixedly-installed sensors in the
course of the conveying device compared to known solutions. as the measuring error between

the fixedly-installed sensors remains comparatively small.

In particular, the distance between (further) fixedly-installed sensors on the conveying device
can be selected such that a possible (absolute) measuring error in the position determination
by means of the rotation signals from the drives over this distance is greater than or equal to
an (absolute) measuring error of the fixedly-installed sensors. This ensures that a synchroniza-
tion of the position measured by means of the drives with the absolute position of a fixedly-

installed sensor achieves an improvement of the measurement.

It is particularly advantageous if the objects conveyed on the conveying device comprise de-
formable bags, which are conveyed directly (that is without loading aids) on the conveyor cle-
ments. which are formed as conveyor rollers, and the calculation of a correction position is
carried out for said bags. The outer surface of the bag sometimes loops around the conveyor
rollers in such an arrangement. wherein the article contained inside the bag does not neces-
sarily carry out this movement along with the bag. This results in a dynamic displacement be-
tween the bag and the article transported thereby. which leads to significant systematic devia-
tions between the position calculated by means of the rotation signals from the drives and the
real position. With the aid of the suggested measures. the position of such a bag can be deter-

mined with greater accuracy.
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Moreover, it is particularly advantageous if the presented method is carried out in or before an
accumulation area for the objects conveyed on the conveying device. In an accumulation area.
there are particular requirements for the positioning accuracy, as the objects are stopped there
with little distance from each other or generally close together. With the aid of the suggested
measure, it is now possible, for example. to form an object block. in which no or only little
accumulation pressure occurs. In any case. accumulation pressure does not occur when suc-
cessive objects are stopped and/or transported with a mutual distance. However, accumulation
pressure may occur if successive objects touch each other when they are stopped and/or trans-

ported.

Generally, the object front edge or the object rear edge may equally be used for the presented
method. Consequently, the relevant method steps are triggered when the object front edge or

the object rear edge reaches and/or passes the detection areas.

Moreover. it is of course also possible to determine the object length of'an object and to sub-
ject it to the described correction. The object length of an object corresponds to the distance
between the object front edge and the object rear edge. Consequently. the corrected object
length of an object is the distance between the corrected position of the object front edge and

the corrected position of the object rear edge.

The determined object length may also be used for a plausibility check whether the objected
detected in a detection area corresponds to an expected object. In this regard. it is assumed
that the deviation between the position calculated by means of the rotation signals from the
drives and the position of the second detection area does not exceed a specific limit. Conse-
quently. an estimation can take place in the controller. which object is currently moving past
the second detection area if an object is detected there. If the object length detected in the first
detection area and that detected in the second detection area deviate greatly from each other,
or if no object at all is detected although one is expected. a fault on the conveying device can
be concluded, for example because multiple objects have become wedged together or objects

have fallen off the conveyor system.

In addition, it is noted that the conveying device may have a (main) conveying direction. Posi-
tions that follow another position in the conveying direction are located “downstream™. Posi-
tions that precede another position in the conveying direction are located “upstream’. Conse-

quently, the second detection area is located downstream of the first detection area. or in other



20

30

CA 03127693 2021-07-23

-6 -

words, the first detection area is located upstream of the second detection area. An object is
conveyed on the conveying device in a conveying direction, from a position located upstream
in the direction of a position located downstream. A movement of an object away from a de-

tection area thus means particularly a movement oriented downstream,

Further advantageous designs and further advancements of the invention result from the sub-

claims as well as from the description in combination with the figures.

It is favorable if steps b) to e) are repeated recursively, wherein, in a further pass of step ¢). a
further detection area of the first sensor or second sensor or of a third sensor fixedly installed
on the conveying device takes the place of the second detection area. This way, the achieved
accuracy in the position determination can be maintained or even improved if the object
passes a further detection area of a fixedly-installed sensor. In this process, the role of the first
detection area remains fixed and does not change in the recursive pass of the method steps.
This means that in this variant of the method. the position of the object is calculated based on
the position of the first detection area. Consequently. a path calculated by means of the rota-
tion signals from the drives to the position of the first detection area is added to the calcula-
tion to receive the calculated position. This variant is particularly suitable for conveying de-
vices, whose type does not change at all or only a little in the course of the transport of the ob-
jects. Such a conveying device is only constructed from straight conveying sections, for ex-

ample.

[t is further favorable if steps b) to e) are repeated recursively. wherein the second detection
area takes the place of the first detection area. and in a further pass of step ¢), a further detec-
tion area of the first sensor or second sensor or of a third sensor fixedly installed on the con-
veying device takes the place of the second detection area. In this process, the role of the first
detection area does not remain fixed but changes with each recursive pass of the method
steps. This means that in this variant of the method, the position of the object is calculated
based on the position of the detection area last passed by the object. Consequently. a path cal-
culated by means of the rotation signals from the drive, to the position of the detection area
last passed by the object is added to the calculation to receive the calculated position. This
variant of the method is suitable in particular for conveying devices. whose type does change

greatly in the course of the transport of the objects. For example, such a conveying device
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comprises curved conveying sections. straight conveying sections. junctions. and the like. Of

course, a combination with the previously mentioned method variant is possible in this regard.

Moreover, it is favorable if the deviation determined in step d) is applied to the distance be-
tween a reference point and the position of the object calculated by means of the rotation sig-
nals from the drives, and the correction in step ¢) is made relative to the path traveled by the
object starting from the second detection area. Thus, a relative deviation between the position
calculated by means of the rotation signals from the drives and the position of the second de-
tection area is determined. In this regard. the reference point refers in particular to the zero
position of an object, starting from which the further positions of the object are calculated.
However, the reference point may be selected randomly. In particular, the reference point may

be set to the position of a detection area.

[f the role of the first detection area remains fixed and does not change in a possible, recursive
pass of the method steps, the reference point may, in particular. be set to the position of the
first detection area. The deviation between the position calculated by means of the rotation
signals from the drives and the position of the second detection area is then applied to the dis-

tance from the first detection area.

If. however the role of the first detection area changes with each recursive pass of the method
steps and does not remain fixed, the reference point may, in particular, be set to the position
of the detection area last passed by the object. The deviation between the position calculated
by means of the rotation signals from the drives and the position of the second detection area

is then applied to the distance from the detection area last passed by the object.

It is particularly advantageous if. in step d). a correction factor

AP_PZ_PSLg

k

- PSig B PSlg
is calculated, and in step e), the corrected position
Prorr = (1+k)'Psxg

is calculated and is used as the basis for controlling the (conveying) processes on the convey-
ing device, wherein Py, refers to the position of the object calculated by means of rotation sig-
nals from the drives M. measured from the reference point Py, and P refers to the position of’

the second detection area, also measured from the reference point Po. This way, deviations,
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which occur relative to a path traveled by the object, can be considered. FFor example. heavy
objects may deform an elastic coating of a conveyor roller and thus reduce its effective diame-
ter. which leads to a systematic deviation between the position Ps,e calculated by means of the
rotation signals from the drives and the position P> of the second detection arca. The state-

ments made above regarding the reference point Po apply here analogously.

It is also particularly advantageous if, in step d). an additive correction value

d:AP:PZ_PSlg

is calculated, and in step e), the corrected position
Prorr :d+Psig

is calculated and is used as the basis for controlling the (conveying) processes on the convey-
ing device, wherein Py, refers to the position of the object calculated by means of rotation sig-
nals from the drives, measured from the reference point Po. and P refers to the position of the
second detection area, also measured from the reference point Po. This way. particularly devi-
ations caused by singular events can be considered, for example if slipping or gliding occurs
between the conveyor elements and the object upon the acceleration or braking of the object.
However, it should be noted that such a slipping is not limited to the correction with an addi-
tive correction value d, but can also be linked to a correction factor k, for example if the slip-

ping or gliding does not occur at one point but rather over a particular distance traveled.

Moreover, it is favorable if the object is moved between the first detection arca and the sccond
detection area at a constant speed. This way. a deviation. which occurs upon movement of the
object at a constant speed, between the position Py, calculated by means of the rotation sig-
nals from the drives and the position P> of the second detection area can be determined in a

targeted manner.

Moreover, it is favorable if the object is accelerated and/or decelerated between the first de-
tection area and the second detection area. This way. a deviation occurring upon acceleration
and/or braking of the object between the position P, calculated by means of the rotation sig-
nals from the drives and the position P2 of the second detection area can be determined in a

targeted manner.
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It is also advantageous if the object is moved at a constant speed in some sections and is ac-
celerated and/or decelerated in some sections between the first detection area and the second
detection area. This way. both deviations resulting from a movement of the object at a con-
stant speed and deviations occurring upon the acceleration and/or braking of the object be-
tween the position P calculated by means of the rotation signals from the drives and the po-

sition P> of the second detection area can be determined.

Moreover, it is advantageous if a correction factor k is assigned to a movement of the object
at a constant speed, and an additive correction value d is assigned to an acceleration and/or a
deceleration of the object. This allows calculating the corrected position Pyor in a very differ-
entiated manner. At this point, it should be noted that the assigning of a movement of the ob-
ject at a constant speed to a correction factor k and the assigning of an acceleration and/or de-
celeration of the object to an additive correction value d of course does not only apply to the
determination of the correction factor k and the additive correction value d but also to the ap-
plication of the correction factor k and the additive correction value d. In other words. this
means in particular that the correction factor k is used for calculating a corrected position Pro
if the object is moved at a constant speed. and the additive correction value is used for calcu-

lating the corrected position Pyor if the object is accelerated or held in place.

Moreover. it is particularly advantageous if. in step e). the corrected position
Pkorr:d+<1+k)'Pstg

is calculated and is used as the basis for controlling the (conveying) processes on the convey-
ing device. This way, deviations between the position P, calculated by means of the rotation
signals from the drives and the position P> of the second detection area can be considered in a
particularly differentiated manner. At this point, it should be noted that different correction
factors k and different additive correction values d may also be considered for calculating the
corrected position Prorr. For example, it is possible that upon braking, a different correction
factor k and/or a different additive correction value d is determined than upon accelerating. It
is also possible that different correction factors k and/or different additive correction values d
occur in curved conveying sections of the conveying device than in straight conveying sec-
tions. Generally, the corrected position Pior can be calculated in step ¢) with the aid of the for-

mula
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p q
Pkorrzzdn+(1+zkn)'P51g
n=1 n=1

wherein d, refers to the different additive correction values and k, to the different correction

factors.

Lastly, it is also advantageous if an object block, which comprises multiple objects in close

succession, is regarded as a single object for the position determination. This way. the posi-

tion of an object block can also be calculated correctly. and/or an object block can be posi-

tioned more accurately, which is highly advantageous particularly in an accumulation area.

At this point, it should be noted that the variants and advantages disclosed for the presented

conveying device can likewise refer to the presented method and vice versa.

For the purpose of better understanding of the invention, it will be elucidated in more detail

by means of the figures below.

These show in a respectively very simplified schematic representation:

Fig. |
Fig. 2
Fig. 3

Fig. 4

Fig. 5

Fig. 6

Fig. 7

the general structure of an exemplary conveying device in a top view;
a further exemplary conveying device in a lateral view:
a detail view of the conveying device from Fig. 2:

the conveying device from Fig. 2 in a state in which an object moves toward

a first detection area at a first position;

the conveying device from Fig. 2 in a state in which the object has reached

the first detection area;

the conveying device from Fig. 2 in a state in which the object has passed

the first detection area:

the conveying device from Fig. 2 in a state in which the object has reached a

second detection area at a second position;
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Fig. 8 the conveying device from Fig. 2 in a state in which the object has passed

the second detection arca:

Fig. 9 the conveying device from Fig. 2 in a state in which a group of objects

move in the form of a block;

Fig. 10 an exemplary conveying device with an accumulation area and a measuring

area arranged upstream thereof;

Fig. 11 a bag transported directly on conveyor rollers (in particular a foil bag. such

as a “polybag™), and

Fig. 12 a detail view of a conveying device with a sensor with multiple detection ar-

€as.

First of all, it is to be noted that in the different embodiments described, equal parts are pro-
vided with equal reference numbers and/or equal component designations. where the disclo-
sures contained in the entire description may be analogously transferred to equal parts with
equal reference numbers and/or equal component designations. Moreover, the specifications
of location, such as at the top, at the bottom. at the side, chosen in the description refer to the
directly described and depicted figure, and in case of a change of position. are to be analo-

gously transferred to the new position.

Fig. I shows an exemplary conveying device la for transporting objects in a top view. The
objects are. for example, cardboard boxes. containers. foil bags and the like. On the conveying
device la, either the same objects or different objects are conveyed. For example, objects fol-
lowing each other in the conveying direction may be cardboard boxes and foil bags. The con-
veying device la comprises multiple driven conveyor elements 2 for transporting the objects
O. In this regard, some of the conveyor elements 2 may be driven or all of the conveyor ele-
ments 2 may be driven. In the example shown, the conveyor elements 2 are specifically de-

signed as conveyor rollers arranged between two longitudinal beams 3 (frame profiles).

The conveying device la also comprises a first measuring device L for detecting an object at
a first (measuring) position P;. The measuring device L is designed as a light barrier in the
concrete example shown, but it may also be formed by a camera, a laser scanner, or the like.

for example (also see Fig. 12).
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Finally. the conveying device la also comprises a controller 4, which in the example shown is
arranged on one of the longitudinal beams 3 and is connected in terms of control technology

to the conveyor rollers 2 via control lines or a control bus that are not shown.

The conveying device la can generally be designed to have any desired length as is adum-
brated with the dots in the right region of Fig. 1. Moreover. the conveying device la has a
(main) conveying direction from right to left. as is adumbrated by two arrows. Positions that
follow another position in the conveying direction are located “downstream™. Positions that

precede another position in the conveying direction are located “upstream”™.

Fig. 2 shows a second exemplary conveying device 1b in a lateral view. In this example. the
conveying device b has multiple zones Z. each one of which comprises a motorized con-
veyor roller 2y and multiple (presently four) non-motorized conveyor rollers 21, which are
driven by the motorized conveyor roller 2y via a belt 5. The zones Z may thus be driven inde-
pendently. This means that the conveying speed in the zone Z may be set independently of the
conveying speed in other zones Z, and so on. However, the conveying speed is the same

within one zone Z.

At this point, it should be noted that the grouping of a motorized conveyor roller 2y with four
non-motorized conveyor rollers 2y, is purely exemplary and the conveyor rollers 2y, 21, can
also be grouped in other ways. For example, it would be conceivable for two motorized con-
veyor rollers 2m to be combined with five non-motorized conveyor rollers 2. to form a group
and thus a correspondingly larger zone Z. It would also be conceivable for all conveyor roll-
ers 2 to be motorized and for grouping via (transmission) belts 5 to be omitted (also see

Fig. 1 1). Each conveyor roller 2 can then form a zone 7. It is of course also conceivable that a
zone Z comprises a conveyor belt for transporting objects. which is guided over the conveyor
rollers 2. Thus, the conveyor belt forms the transport surface in the zone Z. However. accord-
ing to the previously described embodiments, the conveyor rollers 2 for a transport surface in
the zone Z but not the (transmission) belts 5. Instead of a conveyor belt, the zone Z may also

comprise a conveyor chain for transporting the objects.

The conveying device 1b further comprises four sensors Li..Ls, which are designed as light
barriers in the concrete example and are arranged at four different positions P..Ps. In this re-
gard. a position P2 of the second light barrier L> is located downstream of the position P; of

the first light barrier L1, a position P3 of a third light barrier L; is located downstream of the
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position P2 of the second light barrier L2, and a position Py of a fourth light barrier Ly is lo-
cated downstream of the position P; of the third light barrier L.;. Upstream of position Py of
the first light barrier L. Fig. 2 also shows a reference point Po. which is not assigned to any

sensor in this example.

[n Fig. 2, the controller 4 is drawn above the actual conveyor track in order to better depict the
processes occurring therein. Among other things, the controller 4 contains a memory space (a
variable) for the object position P. Since in the state shown in Fig. 2. no object is on the con-
veying device 1b yet. the variable is free and/or undefined. It would also be conceivable that
the variable is only created once a corresponding object enters the operating range of the con-
veying device 1b. meaning that the variable for the object position P does not yet exist in the

state depicted in Fig. 2.

Fig. 3 shows a cutout of the conveying device 1b with the first light barrier L) and the second
light barrier L2 in an enlarged view. It is easily apparent that the first detection area E has a
predcfined extension around the first position Py, and the second detection area 131 has a pre-
defined extension around the second position P.. The positions P, and P- are located in the
center of the detection areas E1 and Ex. respectively. However. this is not an obligatory condi-
tion. but the (detection) positions P and P2 could also be arranged off-center in the detection
areas E1 and Ex. The location of the positions Py and P> of the light barriers L; and L between
two zones Z is also merely exemplary. and the positions Py and P2 of the light barriers 1.,

and L> could also be located inside a zone Z (also see Fig. 12). Moreover. Fig. 3 shows that
one detection area E1. Ez each is assigned to one light barrier 1. L2 each. This also is not an
obligatory condition, but it would also be possible for multiple detection areas E,. [ to be as-
signed to a sensor L (see Fig. 12). Lastly. Fig. 3 shows the structure of a zone Z in detail.

There. in particular. the drive (motor) M of the motorized conveyor roller 2y is shown.

FFig. 4 shows the conveying device 1b in a state in which an object 6 is transported in the di-
rection of the first light barrier L. A movement of the object 6 is symbolized by an arrow
drawn above the object 6. The object 6 has an object front edge Kvo as well as an object rear
edge Kjjo. which is arranged upstream of the object front edge Kvo. It is assumed that the
controller 4 does not yet know the position of the object 6 at the given point in time (e.g. it

may apply at a goods-in point before the first detection of an object 6).
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At a point in time shown in Fig. 5, the object 6 has reached the first light barrier 1., with its
object front edge Kvo. At this point in time, the position P1 of the first light barrier L is taken

over in the controller 4 as the position P of the object 6.

At this point, it should be noted that the position P, P> of a detection area Ei. E2 corresponds
to the position Py, P2 of a light barrier L1, L2 in the example shown. In the examples shown in
Figs. 4 to 10. the position Py, P> of a light barrier L. 1> can thus be used as a synonym for the

position Py, P> of a detection area E;. Ea.

During a conveying movement of the object 6 away from the light barrier L, in the (main)
conveying direction, the position Py, of the object 6 is determined with the aid of rotation sig-
nals of the drives M of the conveyor rollers 2um. For this purpose, for example, the signals
from a rotary encoder coupled to the conveyor roller 2. 2. 2. or the signals from a Hall sen-
sor of the drive motor M of the conveyor roller 2y are analyzed. Using these signals, the posi-
tion of the conveyor roller 2, 2y, 21.. the rotational speed of the conveyor roller 2, 2am. 21 and
the number of rotations of the conveyor roller 2, 2y, 2; that it has completed since a certain
point in time can be determined. The number of rotations of the conveyor roller 2. 2m. 21 mul-
tiplied by the circumference of the conveyor roller 2, 2um, 21 equals the (theoretical) position
of the object 6 calculated from the first position P;. As can be scen from Fig. 6, the posi-

tion Pge (shown in dashed lines) calculated by means of the rotation signals does not corre-
spond exactly to the actual position Preal (shown in solid lines) of the object 6 on the convey-

ing device 1b.

At a point in time shown in Fig. 7, the object 6 has reached the second light barrier L, with its
object front edge Kvo. At this point in time, the position P> of the second light barrier L is
taken over in the controller 4 as the position P of the object 6. Furthermore. a deviation AP be-
tween the position Py calculated by means of the rotation signals from the drives M and the
position P2 of the second light barrier L is determined and subsequently used for calculation

a corrected position Pyor of the object 6 with the aid of the rotation signals from the drives M.

Fig. 8 shows a corresponding state in which the object 6 moves away from the second light
barrier L2. At this point in time, the corrected position Pror present in the controller 4 largely

corresponds to the real position Prea of the object 6.
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In summary, the following steps are carried out in the method for the position determination

of the object 6:

a) setting a positional value P, which is assigned to the object 6 in a controller 4 of the
conveying device 1b. to the position P, of a first detection area E of a first sensor L, fixedly
installed on the conveying device b, when the object 6 is detected in the first detection

area E; (see Fig. 5).

b) calculating a position Py of the object 6 with the aid of rotation signals from
drives M for the conveyor elements 2, 2m. 21, of the conveying device b, starting from the
position P; of the first detection area E| during a (conveying) movement of the object 6 away

from the first detection area E, in the (main) conveying direction (see Fig. 6),

c) setting the positional value P, which is assigned to the object 6 in the controller 4 of
the conveying device 1b. to the position P» of a second detection area Ea of a second sensor 1.
fixedly installed on the conveying device b, when the object 6 is detected in the second de-

tection area Ea (see Fig. 7),

d) determining a deviation AP between the position P, calculated by means of the rota-
tion signals from the drives M and the position P> of the second detection area E» after the ob-

ject 6 has been detected in the second detection area E: (see Fig. 7)., and

€) using the determined deviation AP for calculating a corrected position P of the ob-
ject 6 with the aid of the rotation signals from the drives M during a (conveying) movement
of the object 6 away from the second detection area E> in a (main) conveying direction (see

Fig. 8).

The calculation of the corrected position Pyor 0f the object 6 can be performed in particular

because in step d), a correction factor

Ap PZ—P.Slg

k

PSLg PSlg
is calculated, and in step e), the corrected position

Pkorr=(1+k)'Pscg
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is calculated and is used as the basis for controlling the processes on the conveying device Ib.
wherein P, refers to the position of the object 6 calculated by means of rotation signals from
the drives M, measured from the reference point Po, and P> refers to the position of the second

detection arca Ez. also measured from the reference point Py.

In this case, the deviation AP determined in step d) is therefore applied to the distance be-
tween the reference point Py and the position Py, of the object 6 calculated by means of the
drives M, and the correction in step e) is made relative to the path traveled by the object 6.

starting from the second detection area E-.

Alternatively, the calculation of the corrected position Pyorr of the object 6 can also be per-

formed in particular because in step d), an additive correction value
d=AP =P, — Py,
is calculated, and in step e). the corrected position
Prorr = d + Pgq

is calculated and is used as the basis for controlling the processes on the conveying device 1b.
wherein Py, again refers to the position of the object 6 calculated by means of rotation signals
from the drives M, measured from the reference point Po. and P> refers to the position of the

second detection area Ez, also measured from the reference point Po.

A combination of both possibilities is also conceivable, wherein, in step ¢), the corrected posi-

tion
Pkorr:d+(1+k)'Pstg

is calculated and is used as the basis for controlling the processes on the conveying device 1b.

In this regard, it is particularly advantageous if a correction factor k is assigned to a move-
ment of the object 6 at a constant speed, and an additive correction value d is assigned to an
acceleration and/or a deceleration of the object 6. Experience has shown that the corrected po-

sition Pyorr then corresponds particularly well to the real position Prea.

The reference point Po mentioned above can generally be located anywhere on the conveying
device lb and refers to the zero position for the position determination. At the reference

point Py, the object 6 thus has the position P=0. At the reference point Po, a detection area
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may be arranged but that is not an obligatory condition. The reference point Py may also cor-
respond to one of the positions P1..Ps of the light barriers L;..Ls and/or the detection ar-

eas k. Ea.

The method explained using Figures 4 to 8 may proceed recursively. In this process, upon fur-
ther movement, the position P of the object 6 is corrected in the manner already described at

the third light barrier L3 and/or at the fourth light barrier L.

Specifically, steps b) to e) are repeated recursively, wherein the second detection area E- takes
the place of the first detection area E;, and upon a further pass of step ¢). a further detection
area of the third sensor L; fixedly installed on the conveying device 1b takes the place of the
second detection area E-, and so on. However, it would also be conceivable that the role of the
first detection area E; is maintained in the course of the method, and only a further detection
area of the third sensor L fixedly installed on the conveying device 1b takes the place of the
second detection area E> upon a further pass of step ¢). In this case, a deviation AP between
the position Py, calculated by means of the rotation signals from the drives M and the second
position Pz is always applied to the distance measured from the first detection area E,;. The
calculation of a corrected position Pyor of the object 6 with the aid of the rotation signals from
the drives M is particularly accurate in this case. This variant is particularly suitable for con-
veying devices b whose type does not change at all or only a little in the course of the
transport of the objects 6. Such a conveying device 1b is only constructed from straight con-
veying sections, for example. The first variant, in contrast, is suitable in particular for convey-
ing devices 1b, whose type does change greatly in the course of the transport of the objects 6.
For example, such a conveying device Ib comprises curved conveying sections, straight con-

veying sections. junctions, and the like.

Fig. 9 shows an example in which an object block BL, which comprises multiple ob-
jects 6a..6¢ in close succession, is transported over the conveying device 1b. For the position
determination, this object block BL is regarded as a single object 6. Apart from this, the

method described above is carried out in the manner already described.

At this point. it should also be noted that the presented method can be carried out without an
explicit specification of a target position for the object 6, 6a..6¢. In this case. the controller 4

has a purely observing role. Of course, the corrected position Py, may also be used in the
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context of a position control. meaning also if a target position for the object 6. 6a..6¢ is speci-
fied by the controller 4. This aspect is of particular significance in an accumulation area SB.
meaning an area in which particularly many objects 6, 6a..6¢ are stopped with particularly lit-
tle distance from each other or generally very close together. Consequently. it is advantageous
if the described method is carried out in or before an accumulation area SB for the ob-

jects 6. 6a..6¢ conveyed on the conveying device 1b.

In the case of a position control for the objects 6. 6a..6¢. the conveyor elements 2. 2u. 21
and/or their drives M form the adjustment members of the control loop, and the controller 4
assumes or comprises the function of the (position) control (closed loop control). Other con-
trol loops such as those for controlling a rotational speed and/or a drive torque of a conveyor

roller 2, 2m, 21 are of course possible in addition or as an alternative thereto.

Fig. 10 shows an example, in which a conveying device Ic has an accumulation area SB and a
measuring area MB arranged upstream thereof. In this example, the measuring area MB com-
prises the zones Z;..Z3 while the accumulation arca SB comprises the zones Z4..Z7. Moreover.
four light barriers L)..Ls are arranged in the mecasuring area MB. a further. fifth light bar-

rier Ls is arranged in the accumulation area.

In order to make a particularly accurate calculation of a corrected position Py of an ob-

ject 6, 6a..6¢ possible, the object 6, 6a..6¢ is moved through the measuring area MB with a
particular speed profile. Specifically. the object 6. 6a..6¢ is accelerated constantly in the first
zone 7, whereby the speed v of the object 6, 6a..6¢ increases in a linear manner, it is moved
at a constant speed v in the second zone Z», and lastly. it is decelerated constantly in the third
zone 73, whereby the speed v of the object 6, 6a..6¢ decrcases in a linear manner. Thus, a cor-
rection factor k and an additive correction value d can be determined in a particularly differ-
entiated and accurate manner. Thus, the objects 6, 6a..6¢ can be positioned with a particularly
high accuracy in the subsequent accumulation area SB. For example, an object 6. 6a..6¢c may
be stopped with its object front edge Kvo exactly at a front edge of a zone Z;..Z, or with its
object rear edge KHo exactly at a rear edge of a zone Z;..Z4. whereby the formation of an ob-
ject block BL, in which no or only little accumulation pressure occurs, is possible. This is sig-
nificant particularly for accumulating sensitive objects 6. 6a..6c. Generally. the application of
a measuring area MB on a conveying device Ic can be useful even independently of an accu-

mulation area SB, for example at a goods-in point of a storage and order-picking system.
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In this context, it should also be noted that although in the preceding examples, the object
front edge Kvo was always used for the presented method. the object rear edge Kro may also
be used therefor completely equivalently. Consequently. the relevant method steps are trig-
gered when the object rear edge Ko of the object 6, 6a..6¢ reaches and/or passes the detec-

tion areas Ei, Ea.

Moreover. it is of course also possible to determine the object length of an object 6 and to
subject it to the described correction. The object length of an object 6. 6a..6¢ is the distance
between the object front edge Kvo and the object rear edge Kiio. Consequently, the corrected
object length of an object 6, 6a..6¢ is the distance between the corrected position Pyor of the

object front edge Kvo and the corrected position Puorr 0f the object rear edge Kiio.

Additionally, it should be noted that the assigning of a movement of the object 6. 6a..6¢ at a
constant speed v to a correction factor k and the assigning of an acceleration and/or decelera-
tion of the object 6, 6a..6¢ to an additive correction value d of course does not only apply to
the determination of the correction factor k and the additive correction value d but also to the
application of the correction factor k and the additive correction value d. In other words, this
means in particular that the correction factor k is used for calculating a corrected position Pyor
if the object 6, 6a..6¢ is moved at a constant speed v. and the additive correction value d is
used for calculating the corrected position Pyor if the object 6, 6a..6¢ is accelerated or held in

place.

At this point, it should also be noted that different correction factors k and ditferent additive
correction values d may also be used for calculating a corrected position Piorr. For example, it
is possible that for braking, a different correction factor k and/or a different additive correc-
tion value d is determined than upon accelerating. It is also possible that different correction
factors k and/or different additive correction values d occur in curved conveying sections of
the conveying device la..lc than in straight conveying sections. Generally, the corrected posi-

tion Puorr can be calculated in step e) with the aid of the formula

14 q
Prorr =Zdn+(1+zkn)'ng
n=1 n=1

wherein d, refers to the different additive correction values and k, to the different correction

factors.
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It should further be noted that a separation of the measuring area MB and/or the accumulation
area SB into multiple zones Z;..Z7 is possible but not obligatory. It is conceivable that the
measuring area MB, in particular, has only one zone 7. The movement of the object 6 with
the speed profile shown by way of example, however. would be possible anyway. It would
further be conceivable that the measuring area MB and/or the accumulation area SB has more

or fewer zones Z,..Z7 than shown.

In a further advantageous variant, an optional alignment area is arranged before the measuring
area MB, in order to be able to transfer the objects 6 to the measuring area MB in a defined
alignment. For example, the alignment area has inclined alignment rollers. which ensure that
the object 6 reaches the subsequent measuring area MB in a predefined alignment. namely by
aligning a side edge of the object 6 with one of the longitudinal beams 3. However, other

methods for aligning the objects 6 are also possible. of course.

Research has shown that the problems described occur in particular when bags are transported
without a loading aid directly on the conveyor rollers 2. 2. 2;. as is shown by way of exam-
ple in Fig. 11. Fig. 11 makes clear that even with an exact knowledge of the diameters of the
conveyor rollers, a calculation of the path traveled by the object 6d with the aid of the rotation
signals from the drives M is barely possible as the outer surface of the bag 6d partially loops
around the conveyor rollers 2y and the article contained inside the bag 6d does not necessarily
carry out the movement along with the bag 6d. This results in a dynamic displacement be-
tween the bag 6d and the article transported thereby. which leads to significant systematic de-
viations AP between the position Py, calculated by means of the rotation signals from the
drives M and the real position Preal. Consequently, it is particularly advantageous if the calcu-

lation of a corrected position Pyorr is performed for these bags 6d.

The measuring devices L;..Ls are always designed as light barriers in the examples described
above. However, this is not an obligatory condition. and a measuring device L could also be
formed by a camera, a laser scanner. or the like, for example, as shown by way of example in
Fig. 12. Fig. 12 also makes clear that multiple detection areas Ei. E2 may be assigned to a

measuring device Li1. For example. different image regions of the camera or the laser scanner

are defined as detection areas E,, E». From Fig. 12, it can also be seen well that a detection
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area E,, Ex does not necessarily have to be located between two zones Z but may also be lo-
cated inside a zone Z. Of course, this also applies when a measuring device L..Ls is designed

as a light barrier.

It should finally be noted that the scope of protection is determined by the claims. However,
the description and the drawings are to be adduced for construing the claims. Individual fea-
tures or feature combinations from the different exemplary embodiments shown and described
may represent independent inventive solutions. The object underlying the independent in-

ventive solutions may be gathered from the description.

In particular, it should also be noted that the devices shown may in reality comprise more or
fewer components than those shown. In some cases, the shown devices and/or their compo-

nents may not be depicted to scale and/or be enlarged and/or reduced in size.
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List of reference numbers

la..lc Conveying device

2 Conveyor element (conveyor
roller)

2m Motorized conveyor element
(conveyor roller)

2L Non-motorized conveyor cle-

ment (conveyor roller)

Longitudinal beam

Controller

Belt / conveyor belt
.6a..6d  Object

(@) WLV TN SR VS

Li.Ls Sensor (light barrier)

M Drive for a conveyor element
BL Object block

Ei Ea Detection area

SB Accumulation area

MB Measuring area

Z,72.\.Z7 Zone

P Object position in the control-
ler

Po Reference point

Pi..Ps Position of the detection area

Psig Object position (calculated by
means of rotation signals from
drives M)

Pag Corrected object position (cal-

culated by means of rotation
signals from drives M)

Prea Actual object position
AP Positional deviation
Kvo Object front edge
Kio Object rear edge

Kvs Block front edge

Kus Block rear edge

v Speed
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Claims

1. A method for the position determination of an object (6, 6a..6d), which is conveyed
on a conveying device (la..1c) by conveyor elements (2, 2m, 21), comprising the steps

a) setting a positional value (P), which is assigned to the object (6, 6a..6d) in a control-
ler (4) of the conveying device (1a..1c), to the position (P1) of a first detection area (E1) of a
first sensor (L1) fixedly installed on the conveying device (1a..1¢), when the object (6, 6a..6d)
is detected in the first detection area (Ep),

b) calculating a position (Psig) of the object (6, 6a..6d) with the aid of rotation signals
from drives (M) for the conveyor elements (2, 2m, 21) of the conveying device (1a..1c), start-
ing from the positioﬁ (P1) of the first detection area (E1) during a movement of the ob-

ject (6, 6a..6d) away from the first detection area (E1), and

) setting the positional value (P), which is assigned to the object (6, 6a..6d) in the con-

troller (4) of the conveying device (la..1c), to the position (P2) of a second detection area (Ez)
of the first sensor (L1) or of a second sensor (L) fixedly installed on the conveying de-

vice (1a..1c), when the object (6, 6a..6d) is detected in the second detection area (E2),
characterized in that

d) a deviation (AP) between the position (Psig) calculated by means of the rotation sig-
nals from the drives (M) and the position (P2) of the second detection area (E») is determined
after the object (6, 6a..6d) has been detected in the second detection area (Ez), and

e) the determined deviation (AP) is used for calculating a corrected position (Pkorr) of

the object (6, 6a..6d) with the aid of the rotation signals from the drives (M) during a move-

ment of the object (6, 6a..6d) away from the second detection area (Ez).

2. The method according to claim 1, characterized in that steps b) to e) are repeated re-
cursively, wherein, in a further pass of step c), a further detection area of the first sensor (L)
or second sensor (L) or of a third sensor (L3) fixedly installed on the conveying de-

vice (1a..1c) takes the place of the second detection area (E>).

3. The method according to claim 1, characterized in that steps b) to €) are repeated re-
cursively, wherein the second detection area (E,) takes the place of the first detection

area (E), and in a further pass of step ¢), a further detection area of the first sensor (L1) or

CA 3127693 2023-05-12
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second sensor (L) or of a third sensor (L3) fixedly installed on the conveying device (la..1¢)

takes the place of the second detection area (Ez).

4, The method according to one of claims 1 through 3, characterized in that the devia-

tion (AP) determined in step d) is applied to the distance between a reference point (Pg) and ‘

- the position (Psig) of the object (6, 6a..6d) calculated by means of the rotation signals from the

drives (M), and the correction in step e) is made relative to the path traveled by the ob-

ject (6, 6a..6d) starting from the second detection area (E2).

5. The method according to claim 4, characterized in that, in step d), a correction factor
AP P, — Py,
k = =
P Sig P, Sig

is calculated, and in step e), the corrected position

Prorr = (1+k)'Ps£g

is calculated and is used as the basis for controlling the processes on the conveying de-
vice (la..1c), wherein (Psig) refers to the position of the object (6, 6a..6d) calculated by means
of rotation signals from the drives (M), measured from the reference point (Po), and (P) refers

to the position of the second detection area (Ez), also measured from the reference point (Po).

6. The method according to one of claims 1 through 3, characterized in that in step d),

an additive correction value
d = AP = P, — P,
is calculated, and in step ¢), the corrected position
Prorr = d + Pgy
is calculated and is used as the basis for controlling the processes on the conveying de-
vice (1a..1¢c), wherein (Psig) refers to the position of the object (6, 6a..6d) calculated by means

of rotation signals from the drives (M), measured from the reference point (Po), and (P2) refers

to the position of the second detection area (Ez), also measured from the reference point (Po).

CA 3127693 2023-05-12
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7. The method according to one of claims 1 through 6, characterized in that the ob-
ject (6, 6a..6d) is moved between the first detection area (E;) and the second detection

area (E2) at a constant speed (V).

8. The method according to one of claims 1 through 6, characterized in that the ob-

ject (6, 6a..6d) is accelerated or decelerated between the first detection area (E1) and the sec-

“ond detection area (E2).

9. The method according to one of claims 1 through 6, characterized in that the ob-
ject (6, 6a..6d) is moved at a constant speed (v) in some sections and is accelerated or deceler-

ated in some sections between the first detection area (E1) and the second detection area (Ez).

10. The method according to one of claims 1 through 9, characterized in that a correction

factor k is assigned to a movement of the object (6, 6a..6d) at a constant speed (v), and an ad-

ditive correction value d is assigned to an acceleration or a deceleration of the ob-
ject (6, 6a..6d).

11. The method according to claim 5 and 6, characterized in that, in step e), the corrected

position
Pkorr=d+(1+k)'Psig

is calculated and is used as the basis for controlling the processes on the conveying de-

vice (la..1¢).

12. The method according to one of claims 1 through 11, characterized in that an object
block (BL), which comprises multiple objects (6a..6¢) in close succession, is regarded as a

single object (6, 6d) for the position determination.

13. The method according to one of claims 1 through 12, characterized in that the ob-
jects (6, 6a..6d) conveyed on the conveying device (la..1¢) comprise deformable bags, which

are conveyed directly on conveyor elements (2, 2w, 21), which are embodied as conveyor roll-

“ers, and the calculation of a corrected position (Pkorr) is performed for these bags.

CA 3127693 2023-05-12
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-14. The rnethod according to one of claims 1 through 13, characterized in that it is car-

ried out in or before an accumulation area (SB) for the objects (6, 6a..6d) conveyed on the

conveying device (la..1c).

15. A conveying device (1a..1c) with a controller (4) for the position determination of an
object (6, 6a..6d) conveyed on the conveying device (1a..1¢) by means of conveyor ele-
ments (2, 2m, 2L), wherein the controller (4) is configured to '

a) seta posifional value (P), which is assigned to the object (6, 6a..6d) in the control-
ler (4) of the conveying device (1a..1c), to the position (P1) of a first detection area (E1) of a
first sensor (L) fixedly installed on the conveying device (6, 6a..6d), when the ob-

ject (6, 6a..6d) is detected in the first detection area (E1),

b) calculate a position (Psig) of the obJect (6, 6a..6d) with the aid of rotatlon signals from

drives (M) for the conveyor elements (2, 2um, 21) of the conveying device (1a..1c), starting

from the position (P1) of the first detection area (E;) during a movement of the ob-

_ject (6, 6a..6d) away from the first detection area (E1), and

c) set the positional value (P), which is éssig’ned to the object (6, 6a..6d) in the control-
ler (4) of the conveying device (la..1c), to the position (P2) of a second detection area (E2) of

the first sensor (L) or of a second sensor (L) fixedly installed on the conveying de-

“vice (la..1c), when the object (6, 6a..6d) is detected in the second detection area (Ez),

characterized in that

the controller (4) is additidnally configured to

d) determine a deviation (AP) between the position (Psig) calculated by means of the ro-

tation signals from the drives (M) and the position (P2) of the second detection area (E») after
the object (6, 6a..6d) has been detected in the second detection area (Ez), and

e) use the determined deviation (AP) for calculating a corrected position (Pkorr) of the

- object (6, 6a..6d) with the aid of the rotation signals from the drives (M) during a movement

of the object (6, 6a..6d) away from the second -detection area (E2).

CA 3127693 2023-05-12
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