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METHOD AND APPARATUS FOR
DETERMINING THE POSITION OF A
MOTOR-DRIVEN ACTUATING PART

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is the U.S. National Phase Appli-
cation of PCT International Application No. PCT/EP2013/
066172, filed Aug.1, 2013, which claims priority to German
Patent Application No. 10 2012 215 214.8, filed Aug. 28,
2012, the contents of such applications being incorporated by
reference herein.

FIELD OF THE INVENTION

[0002] The invention relates to a method for determining
the position of a motor-driven actuating part, in particular of
a window, of a sunroof, of a rear lid, of a convertible top
system, of a sliding door or of a seat, wherein a current
position correction value is determined by measuring the
position, and an apparatus for carrying out the method with a
position tracker (counter) and a position-measuring unit.

BACKGROUND OF THE INVENTION

[0003] It is necessary to determine the position of motor-
driven actuating parts, in particular in the case of closing parts
such as window lifters, sunroofs or sliding doors in motor
vehicles, in order to stop the closing part at predefined posi-
tions and in order to be able to satisfy the legal requirements
in respect of anti-trapping protection. Generally, a position-
determining process can be used in a very wide variety of
actuating parts such as, for example, even in seats, and also in
the case of blinds or sunshades, for example in order to be able
to set previously determined or stored positions.

[0004] Such position-determining methods can be differ-
entiated into two classes:

[0005] (1) On the one hand there are counting methods
which are capable of precisely detecting the position always
and under all given peripheral conditions. This is usually
carried out by means of a magnet wheel attached to the motor
shaft, in conjunction with two Hall sensors. The two Hall
sensors permit the rotation of the motor to be determined and
the rotational direction to be detected.

[0006] (2) On the other hand, there are position-determin-
ing methods or position-tracking methods which can deter-
mine the position but, under certain external circumstances,
cannot avoid slight errors in the position-determining process
in a system-immanent fashion. Such methods include 1-Hall
position counters and, in particular, sensorless methods
which infer the position from, for example, the current ripple
of the commutator current of a DC motor. Such position-
determining processes which are subject to errors make regu-
lar correction of the position necessary. This is carried out by
means of devices for measuring positions, such as, for
example, an initialization process.

[0007] A method which permits the current position to be
tracked by means of relative changes in position is described
in EP 2 102 725 B1, which is incorporated by reference. In
this document, the current position is determined from the
sum of all the changes in position on the basis of an initial
absolute position determination, for example in a mechani-
cally defined initialization process. Since every change in
position is subject to uncertainty, the uncertainty of the abso-
lute position calculated therefrom increases with the number

Aug. 6, 2015

of changes in position. Therefore, regular re-initialization by
means of an absolute position-determining process is neces-
sary in order to keep the uncertainty of the positions within
acceptable limits.

[0008] DE 10 2007 050 173 B3, which is incorporated by
reference, describes a method for correcting positions for a
motor-driven actuating part by means of a position measure-
ment which is carried out by means of a correlation function
between a force/travel reference curve and a force/travel
actual curve. In this context, the correspondence between the
two curves is detected as a function of a position correction
value between the curves, and the current position of the
actuating part at a position corrected with the correction value
determined in this way is assumed. Position information from
other sources, such as, for example, an already present cor-
rection value, is, however, not taken into account or is used at
most as a means of initializing the correlation search. Accord-
ingly, possibly more precise position information, i.e. such
information with a lower uncertainty value than the informa-
tion determined from the correlation function, is also over-
written, and this information is therefore lost.

SUMMARY OF THE INVENTION

[0009] An aspect of the invention to make available a
method and an apparatus which permit, within the scope of
absolute position determination, the re-use of the information
acquired from earlier absolute and/or relative position deter-
minations, with the result that, for example, any position
information is not overwritten by newly determined position
information which is, however, under certain circumstances
relatively imprecise.

[0010] The method according to an aspect of the invention
of the type specified at the beginning solves this in that in
order to determine the current position two input variables are
taken into account, specifically (1) position tracking (count-
ing) which is subject to errors and (2) position measurement
which is subject to errors, wherein the newly determined
position is selected between these two positions and closer to
that position which has a comparatively lower uncertainty
value.

[0011] Accordingly, the apparatus according to an aspect of
the invention has an averaging unit which is configured to
determine the current position and is connected to the posi-
tion-measuring unit and to the position tracker, wherein the
averaging unit is configured to take into account the deter-
mined difference in position and the last valid position deter-
mined by the position tracker.

[0012] In the present method, the last valid position infor-
mation is therefore not unconditionally rejected but instead it
causes a current position which differs generally from the
newly determined position to be used for position determina-
tion. Depending on the uncertainty value of the position
which is present and of the newly determined position, the
current position is selected closer to the less precise position
of the two positions, with the result that that value with the
lower uncertainty has a greater influence on the detection of
the current position. These advantages are achieved by the
averaging unit in the present apparatus.

[0013] One possible way of implementing the position-
measuring unit is, for example, to examine the force profile,
the rotational speed profile or the current profile of the drive
motor for characteristic points. A characteristic point can be
for example a strong rise in force such as occurs, for example,
in the case of wind deflectors of sunroofs. All that is essential
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is that the characteristic point always occurs at the same
position of the actuating part, which, for example in the case
of'a wind deflector, would be that position at which the wind
deflector engages mechanically in the movement sequence of
the sunroof. The evaluation of the profile in the position-
measuring unit identifies the characteristic point and infers a
predefined position therefrom. Another, particularly pre-
ferred possible way of implementing the position-measuring
unit is the use of the correlation function according to DE 10
2007 050 173 B3. The advantage of such a measuring unit is
the independence of absolute mechanical reference points.
[0014] In aposition-measuring unit by means of a correla-
tion function, in particular force/travel curves or other char-
acteristic number/travel curves are suitable as the character-
istic curves for use in conjunction with said correlation
function, wherein the characteristic number advantageously
correlates with the force, for example current/travel curves or
rotational speed/travel curves. However, in principle, all char-
acteristic curves which are associated with the travel and have
an aperiodic profile are suitable for this. Correspondingly, a
characteristic curve-detection unit is advantageously con-
nected to the position tracker and is configured to record
force/travel curves or other characteristic number/travel
curves, for example current/travel curves or rotational speed/
travel curves, wherein the characteristic number correlates
with the force.

[0015] Since the uncertainty of the position which is newly
determined from the correlation function can depend strongly
on the profile of the characteristic curves used, it is advanta-
geous if an uncertainty value is determined from the correla-
tion function and is assigned to the position determined from
the same correlation function. For this purpose it is advanta-
geous if the correlation unit of the apparatus according to the
invention is configured to determine an uncertainty value
which is provided for transmission to the averaging unit
together with the difference in position. Other possibilities,
such as an uncertainty value which is assumed to be constant
or an uncertainty value which is estimated from other param-
eters, are indeed possibly easier to determine, but would at
any rate have to be conservative estimates since, i.e. they
would over-estimate the uncertainty value of the determined
position and therefore adversely affect the position determi-
nation.

[0016] Inaddition to the combination of the position values
it is advantageous if the uncertainty values of the two posi-
tions are also combined and an uncertainty value of the cur-
rent position is determined from the uncertainty value of the
newly determined and the last valid position. Typically, the
resulting uncertainty value here is lower than the two original
uncertainty values, which reflects the gain in information as a
result of the combination of the position values. For this
reason it is advantageous if the averaging unit is configured to
process a position uncertainty value which is made available
by the position tracker, and an uncertainty value of the posi-
tion determination.

[0017] In order to determine the corrected position, the
positions from the position tracker and the position-measur-
ing unit are preferably each taken into account in an inversely
proportional fashion with respect to their uncertainty value.
This easily ensures that that value with the relatively high
level of uncertainty is taken into account to a lesser degree
than that value with a relatively low level of uncertainty. The
values which are taken into account are accordingly weighted
with the reciprocal value of the respective uncertainty value.
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A special case which occurs here is the situation of a perfectly
known value, for example owing to re-initialization at a
mechanically precisely defined reference position, which
value therefore cannot be influenced by a value determined
from the measuring unit, since said value has an uncertainty
value of zero and therefore has, as it were, an infinite influence
or an infinite weighting.

[0018] Ifthe positions used are mean values of a Gaussian
distribution and the determined uncertainty values are the
variances thereof, the current position and the uncertainty
value thereof can be determined particularly advantageously
by using a Kalman filter from the newly determined and the
last valid position, as well as the respective uncertainty value
thereof. The Kalman filter is under these circumstances an
optimum linear filter. Advantageously, the averaging unit
therefore has a Kalman filter.

[0019] In order to permit, in addition to the absolute posi-
tion determination by means of a correlation function, also
the absolute position determination when starting from fixed,
known positions, it is possible, for example in the case of a
starting process from a known initial position or position of
rest, for the current position value and the uncertainty value
thereof to be each essentially initialized with zero before the
first change in position. The initialization of the uncertainty
value with zero corresponds to a perfectly known position,
which is appropriate during the starting process, since the
initial position corresponds by definition to the zero position.
[0020] In order to make available a continuously updated
position of the actuating part between the absolute position
determinations it is advantageous if the position tracker is
connected to a position memory in order to detect changes in
position and perform updating. The position of the actuating
part is tracked by a method which is (slightly) subject to
errors, wherein the uncertainty value of the current position is
increased in the event of a change in position. This can
involve, for example, ripple counting or the evaluation of the
signals of a Hall sensor. The uncertainty values of indepen-
dent measurements (such as, in fact, ripple counting or the
Hall sensor) are usually easily added, with the result that
although the current position can be estimated after a plurality
of changes in position, the associated uncertainty value
increases with an increasing number of relative position mea-
surements.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Aspects of the invention will be further explained
below on the basis of particularly preferred exemplary
embodiments, to which it is, however, not intended to be
restricted, and with reference to the drawing, in which, in
detail:

[0022] FIG. 1 shows a flowchart of a method for continu-
ously determining the position of an actuating part including
the method according to the invention;

[0023] FIG. 2 shows a schematic diagram of the variation of
the uncertainty over time during the inventive position deter-
mination; and

[0024] FIG. 3 shows a schematic block circuit diagram of
an apparatus for carrying out the method according to the
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0025] The method illustrated in FIG. 1 begins after a start
S with initialization 1 of the position counting or of the
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position tracking. Here, both the reference position and the
uncertainty value of the reference position are initialized with
zero. Before the coming movement of the actuating part, the
exact position thereof is therefore known. As soon as the
actuating part is used, for example if a window lifter or a
sunroof is activated, a change 2 in position takes place. In
order to be able to make an estimation of the current position
after the change 2 in position, the change 2 in position is
tracked by a suitable method 3. The tracking method 3 adapts
the current counting position on the basis of the recorded
change 2 in position and at the same time increases the uncer-
tainty value thereof in accordance with the uncertainty value
which is to be provided for the detection of the change in the
method 3 used. As long as no new initialization is triggered,
the steps of the change 2 in position and the tracking method
3 are repeated. The uncertainty value assigned to the counting
position grows accordingly as the number of changes 2 in
position increases. The absolute value by which the uncer-
tainty is increased is determined by the tracking method 3
used, for example it can involve a fuzziness interval which is
increased only when deviations from a known signal pattern
are registered. However, a constant increase, for example by
a defined empirical value, can also be implemented at the end
of each movement tracking process.

[0026] At the latest, when the uncertainty value of the cur-
rent reference position exceeds an acceptable maximum, re-
standardization is triggered at the branch 4, wherein the re-
standardization can take place in two ways in the method
illustrated, which is illustrated by means of the subsequent
branch 5. The one option is the approaching 6 of a specific
position, for example a closed position. However, it is also
possible instead for the actuating part to be monitored and for
re-standardization to be triggered when the position is
reached. In both cases, re-initialization 1 is performed as soon
as the respective initialization position is reached. It is disad-
vantageous here that it is necessary to assume a previously
defined initialization position. In the case of actuating parts
which are moved continuously between various indetermi-
nate positions, it is therefore rarely or never possible to carry
out re-initialization. A further disadvantage is that the initial-
ization process is often associated with a large build up of
force at the mechanical system of the window lifter or sun-
roof, which has disadvantageous effects on the service life of
the mechanism.

[0027] As an alternative to the re-initialization, any other
method can be used for absolute position measurement. The
present technology uses in this context, for example, position
determination by means of correlation. In a first step 7, a
correlation function between a reference characteristic curve
K, ,which is defined under controlled conditions and a cur-
rent actual characteristic curve K, which is recorded during
the last movements is evaluated and a mean value and an
uncertainty value, in the form of a variance, of the position is
determined on the basis of the correlation function. The cor-
relation function has essentially the following structure:
[0028] The characteristic curves can be, for example, force/
travel curves, current/travel curves or rotational speed/travel
curves, wherein their differential can also be used. The use of
a differential has the advantage that any constant shifts in the
characteristic numbers which are caused by a systematic
error, for example owing to wear or ambient influences, have
less or no influence on the result.

[0029] In the form specified here, the functional parameter
j represents travel and the parameter i represents a change in
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travel or travel correction, i.e. the correlation function itselfis
a function of the travel correction or position correction. The
measured position is therefore a sum of the old position and
the determined correction value from the correlation func-
tion. In order to calculate the shift in position, the correlation
function is interpreted as a probability density distribution of
a position correction, with the result that the following rela-
tionships with the correlation function cov(i) are obtained for
the mean value . and the variance o®,_,_ of the position:
[0030] Alternatively, the shift in position can also be
detected by determining the maximum of the correlation
function. The measured position value is then again the sum
of the shift and of the old value.

[0031] The values obtained in this way are finally used
together with the current position data in a Kalman filtering
process 8. The calculation of the resulting corrected position,
i.e. the present mean value i, and the new variance 6>, , is
then carried out on the basis of the following equations:
[0032] In the case of a subsequent (further) change 2 in
position, the position which is determined in this way is used
in that the absolute position which is calculated within the
scope of the tracking method 3 is based on the new mean
value W,

[0033] The diagram in FIG. 2 represents schematically the
time profile of the uncertainty of the position data. The time or
the operational duration is plotted on the abscissa axis and the
position of the actuating part on the ordinate axis. The move-
ment of the actuating part is limited mechanically between a
minimum position X,,, and a maximum position X,,,. .
Between these two positions, the movement is tracked by a
method which is subject to errors, which is represented by the
stepped profile of the lines 10, 11 which specify an uncer-
tainty interval 9. The lines 10, 11 are arranged symmetrically
here underneath and above the current position value. The
illustrated profile shows a continuous complete closing
movement which starts at the time t0O from an open position
X, and extends at the time t8 to a closed position X,,,,,-
Afterwards, the actuating part is opened again completely, but
with a short interruption between the times t13 and t14, and it
reaches the open position x,,,,, again at the time t18 before a
renewed closing process starts at the time t19.

[0034] Thetwo lines ofthe diagram follow a stepped profile
which makes a jump whenever either the uncertainty value
owing to imprecise position tracking has risen (t1, t2, t4, t5,
17,119,111, 112,115, t16) or it has been possible to reduce the
uncertainty value owing to absolute position determination
(t3,16,18,110, 113,117, t18). In two of'the latter cases (t8, t18)
the position determination is a re-initialization, with the result
that the uncertainty value has been set to zero. The actuating
part was consequently in one of the two mechanically perma-
nently determined and known initialization positions x,,,,,, or
X, At the time of re-initialization (t8, t18). In the other cases
(13, t6, 110, t13, t17) the present method was used instead,
with the result that an absolute position which was generally
different fromx,,,,, orx,,,,,. was determined and it was possible
to reduce the uncertainty value. As is apparent from the profile
between the first starting process (t0) and the first re-initial-
izations (t8), the uncertainty would remain even without re-
initialization within a delimited range, wherein the range
remains narrower the more frequently the absolute position
determination is carried out, and the more precise this deter-
mination is. In contrast to a measurement which is indepen-
dent of prior knowledge in respect of the position data, in the
method according to the invention the position data from the
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absolute position determination is also used or taken into
account by means of characteristic curves. Therefore, in this
context a relatively low uncertainty value of the position data
can generally be achieved.

[0035] Finally, FIG. 3 shows a schematic block circuit dia-
gram of an apparatus for carrying out the present method. In
this highly simplified illustration, an electric motor 12 is
driven by a switched DC source 13 whose priority can be
changed. The motor 12 moves, for example, a window, a seat
or a sunroof or is part of a window lifter or other comparable
control devices. Measurement data 14 is transmitted from the
motor 12 or an assigned sensor unit 12' to a position-tracking
unit 15 (referred to in an abbreviated form as position
tracker). The sensor data or measurement data 14 include, for
example, information on the drive current and/or drive volt-
age, but can also contain measurement results which are
obtained by means of specially provided sensors such as Hall
sensors. The position-tracking unit 15 is configured to derive
or to determine any changes in position from the incoming
measurement data, for example relating to the detection of a
corresponding motor current ripple. Together with the cur-
rently valid position from a position memory 17, a new posi-
tion value is derived therefrom. In this context, not only the
absolute value of the change in position is determined but also
the uncertainty value which has come about for example
owing to in principle less precise or less consistent measure-
ment data and is assigned to the detected change in position.
[0036] The change in position which is detected as a result
and its uncertainty value form a position data record 16 which
is transmitted to a position memory 17. The position memory
17 stores the absolute position and the absolute uncertainty
value assigned to the absolute position, usually in the form of
the variance o of the absolute position. When the position
data record 16 is received, the stored absolute position data is
updated in accordance with the detected change and its uncer-
tainty value. Since this is a relative change, the uncertainty
value must be increased here in accordance with the uncer-
tainty value of the change.

[0037] Inthe case of an initialization, the position memory
17 receives a reset signal 18. The reset signal 18 causes the
absolute position data to be replaced in the position memory
17 by a predetermined initialization data record. Such initial-
ization is performed, for example, at the factory or after the
assembly of the control unit by operating the motor 12 on a
mechanical block. The initialization data record which is used
here contains a position and an uncertainty value of zero in
each case, with the result that the two absolute values in the
position memory 17 are set to zero.

[0038] A second record 19 of measurement data is trans-
mitted from the motor 12 or the sensor unit 12' to a charac-
teristic curve-detection unit 20. The characteristic curve-de-
tection unit 20 also receives the current position data 21 from
the position memory 17, with the result that at least one
characteristic curve is detected on the basis of the measure-
ment data 19 and the position data 21, and buffered. If the
detection of the characteristic curve takes place under con-
trolled conditions, during the initialization or under any other
means of ensuring the correctness of the position data, trans-
mission of the characteristic curve 22 which is obtained in this
way to a reference characteristic curve memory 23 can be
brought about. The reference characteristic curve memory 23
retains the transmitted characteristic curve in a persistent
memory, where during normal operation it is protected
against writing access operations.
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[0039] A correlation unit 24 which functions as a position-
measuring unit uses both the current actual characteristic
curve 25, detected last, of the characteristic curve-detection
unit 20 and the reference characteristic curve 26, stored in the
memory 23, and determines the correlation function from the
two characteristic curves. The correlation unit 24 then uses
the calculated correlation function to determine a mean value
and a variance of the position deviation between the two
characteristic curves. This deviation data 27 is then fed to an
averaging unit 28, in particular with a Kalman filter, which
averaging unit 28 also loads the current position data 29
(position and uncertainty) from the position memory 17.
[0040] The mean value which is specified in the deviation
data relates to the current position data, since the character-
istic curve- detection unit 20 actually uses this data during the
recording of the actual characteristic curve 25. The mean
value of the position deviation which is determined from the
correlation is therefore only apparently a relative value. In
order to determine the current absolute position therefrom,
this value is related to the current position value from the
position memory 17, but its uncertainty does not have to be
taken into account since this uncertainty is already implicitly
contained (by means of the actual characteristic curve) in the
uncertainty of the deviation. The two absolute position values
with the respectively assigned variances are then used in the
Kalman filter. The result which is thus obtained from the
averaging unit 28 is a new record of absolute position data 30,
which replaces the position data stored in the position
memory 17. During this process, the uncertainty value of the
position data stored in the position memory 17 can only be
reduced, since the averaging unit 28 at worst feeds back the
existing position data in an unchanged form.

[0041] A controlunit 31 which controls the operation of the
motor 12 accesses the position data stored in the position
memory 17 and uses said data, for example, to approach
positions determined with the actuating part which is moved
by the motor 12, or to detect trapping situations and to provide
anti-trapping protection.

[0042] A further example of position measurement could
be as follows: in the force profile, rotational speed profile or
current profile, a characteristic point is identified such as, for
example, a strong rise in force such as occurs in the case of
wind deflectors of sunroofs. This point always occurs at the
same position, for example where the wind deflector engages
mechanically in the movement sequence. If the rise in force is
detected by a software evaluation, the predefined position is
inferred therefrom.

1. A method for determining the position of a motor-driven
actuating part, selected from the group consisting of a win-
dow, a sunroof, a rear lid, a sliding door or of a seat, wherein
a current position determined, wherein in order to determine
the current position a position which is newly determined for
itis taken into account in conjunction with a last valid position
and wherein the current position is selected between the last
valid position or the newly determined position these two
positions and closer to that position which has a compara-
tively lower uncertainty value.

2. The method as claimed in claim 1, wherein the newly
determined position is determined from a correlation function
between a reference characteristic curve and an actual char-
acteristic curve.

3. The method as claimed in claim 2, wherein the two
characteristic curves are force/travel curves or other charac-
teristic number/travel curves, wherein the characteristic num-
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ber correlates with the force, for example current/travel
curves or rotational speed/travel curves.

4. The method as claimed in claim 2, wherein an uncer-
tainty value is determined from the correlation function and is
assigned to the position which is determined from the same
correlation function.

5. The method as claimed in claim 1, wherein an uncer-
tainty value of the current position is determined from the
uncertainty value of the newly determined position and of the
last valid position.

6. The method as claimed in claim 1, wherein in order to
determine the current position the newly determined and the
last valid position are each taken into account in an inversely
proportional fashion with respect to their uncertainty value.

7. The method as claimed in claim 6, wherein the current
position and the uncertainty value thereof are determined
using a Kalman filter from the newly determined position and
from the last valid position and the respective uncertainty
value thereof.

8. The method as claimed claim 1, wherein in the case of an
initialization process before the further change in position,
the current position and the uncertainty value thereof are each
initialized essentially with zero.

9. The method as claimed in claim 1, wherein the position
of the actuating part is tracked by a method which is subject
to errors, wherein the uncertainty value of the current position
is increased when there is a change in position.

10. The method as claimed in claim 9, wherein the method
which is subject to errors is composed of the evaluation of the
ripple of the commutator current of a DC motor.

11. The method as claimed in claim 9, wherein the method
which is subject to errors is composed of the evaluation of a
single Hall sensor which determines, with a magnet wheel
attached to the motor, the rotation thereof.

12. An apparatus for determining the position of a motor-
driven actuating part, selected from the group consisting of a
window, a sunroof, a rear lid, a sliding door or a seat, having
a position tracker and a position-measuring unit which is
configured to determine a difference in position, wherein an
averaging unit which is configured to determine the current
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position is connected to the position-measuring unit and to
the position tracker, wherein the averaging unit is configured
to take into account the determined difference in position and
the last valid position determined by the position tracker.

13. The apparatus as claimed in claim 12, wherein the
position-measuring unit has a correlation unit which, in order
to determine a difference in position, is connected to a refer-
ence characteristic curve memory and to a characteristic
curve-detection unit.

14. The apparatus as claimed in claim 13, wherein the
characteristic curve-detection unit is configured to record
force/travel curves or other characteristic number/travel
curves, wherein the characteristic number correlates with the
force.

15. The apparatus as claimed in claim 13, wherein the
correlation unit is configured to determine an uncertainty
value which is provided for transmission to the averaging unit
together with the difference in position.

16. The apparatus as claimed in claim 12, wherein the
averaging unit is configured to process a position uncertainty
value specified by the position tracker, and an uncertainty
value of the newly determined position.

17. The apparatus as claimed in claim 12, wherein the
averaging unit has a Kalman filter.

18. The apparatus as claimed in claim 12, wherein the
position tracker is initialized with zero.

19. The apparatus as claimed in claim 12, wherein in order
to detect changes in position the position tracker is connected
to a position memory.

20. The apparatus as claimed in claim 12, wherein the
position tracker is configured to evaluate a ripple of the com-
mutator current of a DC motor.

21. The apparatus as claimed in claim 12, wherein the
position tracker is configured to evaluate a single Hall sensor
which determines, with a magnet wheel attached to the motor,
the rotation thereof.

22. The apparatus as claimed in claim 13, wherein the
characteristic curve-detection unit is configured to record
current/travel curves or rotational speed/travel curves.
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