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Description

Field of the invention

[0001] The invention relates to an electro-mechanical
door lock and to a method for determining whether a door
leaf in open or closed.

Description of the related art

[0002] In particular in Europe mortise locks according
to DIN-18251 are widely used. Examples of this kind of
mortise locks are disclosed e.g. in EP 1842989 B1,
US95636510, EP 280755 B1, EP575660 to name only
a few.
[0003] This type of mortise locks is usually inserted
from the narrow side into a corresponding recess of a
door leaf. The mortise locks have a latch and a dead bolt,
which often can be actuated independently. There exist
other essentially similar mortise locks, e.g. the Scandi-
navian standard mortise lock, British standard mortise
lock, etc.
[0004] The latch can be retracted by rotation of a so
called "nut", the latter essentially being a follower having
a through hole for receiving an output shaft being con-
nected to a set of door handles or at least to a single door
handle. Actuation of the door handle rotates the nut and
thereby actuates the mechanism for retracting the latch.
There exist as well mortise locks for emergency doors,
where rotation of the follower as well retracts the dead
bolt.
[0005] In most cases, however, the dead bolt can be
advanced and retracted at least by operation of a cylinder
lock. A typical example of a cylinder lock is the Europrofile
lock. These cylinder locks usually have a cam, which
interacts with a corresponding interface of the mortise
lock. Rotation of the cam advances and/or retracts the
dead bolt and after retraction of the dead bolt most mor-
tise locks as well enable to retract the latch by further
rotating the cam in the same direction. Modern locks are
often fitted with electronic cylinders. These electronic cyl-
inders typically have an electromagnetic clutch for cou-
pling a handle with the latch if the lock is unlocked, to
thereby enable actuation of the latch by rotation of the
handle and for decoupling the handle from the latch by
opening the clutch if the door is locked. Alternatively or
in addition the handle and/or the latch may be coupled
to a housing to thereby prevent the handle from being
rotated and/or the latch from being retracted if the lock
is in its locked state. The clutch is operated by a controller
in response to an authorization check, which can be
based in RFID technique, biometric characteristics, a re-
mote controls signal or the like. Corresponding electronic
locks and the corresponding clutches are known from a
number of publications, e.g. DE 10 235 201,DE
19603320, EP 976896 B1, DE 10 2013 100 484, DE
9004675U1. These electronic locks often include com-
munication means for communicating their actual locking

state (i.e. locked or unlocked) to burglar alarm systems.
[0006] Only to avoid misunderstandings, a door is an
opening in a wall, a fence or any other barrier. The open-
ing can be used to pass through the barrier if the door is
open. If the door is closed, the opening is blocked, one
may not pass the barrier. The door is opened or closed
by moving a door leaf into an open or into a closed po-
sition, respectively. Thus, when the door leaf is in its
closed position the door is considered to be closed and
vice versa. Doors often have door frames with door jambs
being attached to the barrier and supporting the door
leaf(s) by hinges.

Summary of the invention

[0007] The invention is based on the observation that
the in most cases the locking state of a door lock can be
derived from the rotational position of the handle, i.e. by
simply counting the number of revolutions in each direc-
tion (taking into account the respective actual clutch
state). However, in practice, it may happen that the dead
bolt is extended and the door lock (more precise its con-
troller) considers the door to be in a "locked" state, but
the dead bolt does not engage into the corresponding
striking plate being installed in the doorjamb. This would
be recognized as "door locked", although the door could
be entered through without authentication for any person
or matter.
[0008] The problem to be solved by the invention is to
enhance reliability of status recognition of doors without
the necessity of additional wiring or installation of addi-
tional contacts. This would enable to document the status
of a door, e.g. as proof for an insurance company, e.g.
by simply installing a cylinder lock according to any stand-
ard to a corresponding mortise lock. For example, each
status change could be protocolled and stored to a mem-
ory, for being retrieved if required.
[0009] Solutions of the problem are described in the
independent claims. The dependent claims relate to fur-
ther improvements of the invention.
[0010] In particular, the problem is solved by a method
for determining the position of a door leaf relative to a
door frame, e.g. by a door lock, like a cylinder lock. The
door frame defines a first coordinate system. As always
the door leaf is movably supported relative to the door
frame and thus movable in the first coordinate system.
In most cases the door leaf is pivotable to thereby open
or close the door, but there exist sliding doors, as well.
[0011] According to the invention the spatial orienta-
tion of a magnetic field vector and/or the length of the
magnetic field vector and/or at least one of the magnetic
field vector’s component is measured by a magnetic field
sensor, e.g. by a magnetometer, being attached to the
door leaf. Thus, the corresponding information about the
magnetic field is obtained in the door leaf’s coordinate
system. If the door leaf is closed, the magnetic field at
the sensor’s position changes during the movement of
the door leaf. When the door leaf reaches its closed end
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position the magnetic field has a particular direction and
strength, both being essentially constant and thus indic-
ative for the door leaf’s closed position. Thus, by com-
paring the magnetic information being obtained by said
magnetic field sensor with the predetermined informa-
tion, one can determine if the door is open or closed. The
method thus has at least two steps: First, at least the
spatial orientation of a magnetic field vector in the door
leaf’s coordinate system and/or the length of the mag-
netic field vector and/or the length of a component of the
magnetic field vector is obtained using at least a magnetic
field sensor being attached to the door leaf. In a second,
subsequent step, the spatial orientation and/or the length
of the magnetic field vector (or of the respective compo-
nent) is compared with at least a first or a second prede-
termined orientation and/or first or second predetermined
length, respectively, to thereby determine if the door is
open or closed. The door is determined to be closed, if
a first closed condition is met, wherein the first closed
condition is met if the magnetic field vector points in a
first predetermined direction and/or has a first predeter-
mined length and/or at least one of its components has
first predetermined length. The door is determined to be
open, if a first open condition is met, wherein the first
open condition is met, if the magnetic field vector points
in a second predetermined direction and/or has a second
predetermined length and/or at least one of its compo-
nents has second predetermined length.
[0012] Only to avoid confusion, it is noted, that the first
or a second predetermined orientation and/or first or sec-
ond predetermined length(s) (of the component(s)) are
preferably corresponding ranges and thus intervals.
[0013] Thus, the invention is based on the observation
that the external magnetic field (i.e. if no other magnetic
fields are present, the earth magnetic field) can be used
to distinguish an open door from a closed door. Accord-
ingly, there is no need for additional contacts or cables.
Retrofitting existing doors with a corresponding lock is
thus simple.
[0014] If the neither the first closed condition is met nor
the first open condition the method may comprise deter-
mining the door to be in an undefined position. This may
account for magnetic noise.
[0015] Preferably, said obtaining comprises support-
ing the magnetic field sensor by a rotatable portion of a
door lock being attachable (as normal) to the door leaf,
wherein the rotatable portion is rotatable relative to the
door leaf. The rotatable portion can be e.g. a door knob
for example of an electromagnetic cylinder lock or a han-
dle bar.
[0016] For example, determining the angular position
of the rotatable portion relative to the door leaf’s coordi-
nate system provides a measurement of the angle be-
tween the magnetic field sensor’s coordinate system and
the reference direction in the door leaf’s coordinate sys-
tem. The angular position of the rotatable portion may be
determined based on the data provided by an accelera-
tion sensor and/or a position sensor. For example, if no

external forces are applied to the door leaf, the acceler-
ation sensor measures the acceleration by gravity, only.
This state can easily be detected as the gravity vector is
known and constant. Thus, if the acceleration sensor pro-
vides a signal being (at least essentially constant) and
being representative for gravity (g≈9,81ms-2) the door
leaf and the handle can be considered not to be moving
relative to the door frame’s reference system. This ena-
bles to determine the angular position of the rotatable
portion relative to the door leaf and thus as well to deter-
mine the angular position of the magnetic field sensor
relative to the door leaf.
[0017] The measurement of the spatial orientation of
the magnetic field at the position of the magnetic field
sensor by the magnetic field sensor is preferably ob-
tained in the magnetic field sensor’s coordinate system.
Rotating the measured spatial orientation against said
angle enables to obtain the spatial orientation of the mag-
netic field at the position of the magnetic field sensor in
the door leaf’s coordinate system. Alternatively (or as
well in addition), the reference direction as defined in the
door leaf’s coordinate system may be rotated by said
angle to obtain the reference direction in the magnetic
field sensor’s coordinate system. Both rotations enable
to determine the spatial orientation of the magnetic field
relative to said reference orientation, wherein both the
spatial orientation and the reference orientation are in
the rotatable portion’s (e.g. the handle’s) coordinate sys-
tem or both the door leaf’s coordinate system. In any
case they can be compared to test the first closed and/or
the first open condition. The method may thus comprise
comparing the spatial orientation of the magnetic field
relative to said reference orientation with the predeter-
mined orientation wherein both the spatial orientation of
the magnetic field relative to said reference orientation
and the predetermined orientation are either in the rotat-
able portion’s coordinate system or both the door leaf’s
coordinate system.
[0018] Preferably, the method comprises a calibration
sequence comprising at least closing the door and ini-
tializing a calibration mode of the door lock. These two
steps may be performed in any sequence. Subsequently,
the calibration sequence may comprise obtaining at least
the spatial orientation of a magnetic field vector relative
to a reference direction being defined in the door leaf’s
coordinate system after the door was closed and/or the
length of the corresponding vector (or at least one of its
components). Generally, it is sufficient to determine the
length of a component of the magnetic field vector, but
precision can be enhanced when accounting for all three
components. The such obtained magnetic field vector
information may be assigned to a (first) predetermined
orientation, the (first) predetermined magnetic field
and/or the (first) predetermined length of a component
of the magnetic field vector, respectively. For simplicity,
we refer to this information as well as ’predetermined
magnetic field information’. The predetermined magnetic
field information was thus obtained while the door was
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closed. Subsequently, the calibration sequence may
end. Additionally the, calibration sequence may comprise
positioning the door leaf in at least one open position and
to determine magnetic information at the same position
in the door leaf’s coordinate system. The thereby ob-
tained magnetic information may be assigned to a sec-
ond predetermined orientation, the second predeter-
mined magnetic field and/or the second predetermined
length of a component of the magnetic field vector, re-
spectively.
[0019] The calibration sequence may be repeated reg-
ularly to thereby recalibrate and account for changes in
the magnetic field, e.g. due to electric devices being in-
stalled in the vicinity of the door.
[0020] The calibration sequence is preferably terminat-
ed without assigning at least one of the measured values
if the absolute value of the mean of the acceleration
and/or the maximum of the absolute value of the accel-
eration in the time interval starting after closing of the
door and ending with the end of the measurement of the
obtaining step of the calibration sequence exceeds a re-
spective acceleration threshold. Thereby, it can be avoid-
ed to store a (first or second) predetermined magnetic
field information erroneously. In other words, the assign-
ing step may be skipped, if the absolute value of the mean
of the acceleration and/or the maximum of the absolute
value of the acceleration in the time interval starting after
closing (or opening, respectively) of the door and ending
with the end of the measurement of the obtaining step of
the calibration sequence as explained above exceeds
the respective acceleration threshold. In addition or al-
ternatively, the assigning step may be skipped, if the ob-
tained magnetic field information is not at least essentially
constant. If the magnetic field information is not essen-
tially constant, this may have at least two reasons:

(i) the door leaf is moved during the calibration se-
quence, and/or
(ii) the external magnetic field changes during the
calibration sequence, e.g. due to electrical machines
operating in the vicinity of the door. In this case one
likely observes an oscillating magnetic field.

[0021] In particular in the second case one often can
resolve the problem by installing a permanent magnet in
the vicinity of the door frame, e.g. by attaching it to a
striking plate or in the vicinity of the striking plate. It is
noted that reliability of the position detection is enhanced
if the permanent magnet is installed independently from
the existing magnetic field. The magnet’s field superpos-
es with the ’natural’(including the field by electrical instal-
lations) external magnetic field and the relative changes
in the external magnetic field in the vicinity of the door
handle/door knob are reduced. This holds in particular if
the magnetic field of the permanent magnet is guided by
the door leaf or parts attached to the door leaf to the
magnetic field sensor as will be explained below.
[0022] In an example of the invention, the method com-

prises measuring the magnetic field strength at a position
being defined in the door leaf’s coordinate system, and
subsequently comparing the measured field strength
with a first and/or a second reference field strength.
Thereby, one may determine if a second open or a sec-
ond closed condition is met and determine the door to
be closed, if the first and the second closed conditions
are met, and open, if the first and the second opens con-
ditions are not met. If only a single of the two conditions
is met the door’s status may be determined to be unde-
fined.
[0023] For example, the method may further comprise
determining, while the door is being closed the acceler-
ation of the door leaf as a function of time and storing at
least one value being indicative for the acceleration while
closing the door, i.e. the acceleration of the door leaf
during the process of closing the door is determined. Sim-
ilarly, the acceleration of the door leaf while being opened
may be determined (in addition or alternatively) and at
least one value being indicative for the acceleration when
opening the door may be stored. Subsequently, the ac-
celeration of the door as a function of time may be meas-
ured and compared to the measured acceleration(s) of
the door with the at least one stored value, to thereby
determine if a third open or a third closed condition is
met, and determining the door to be closed, if the first
and/or the second and/or the third closed conditions are
met and open, if the first and/or the second and/or the
third open conditions are met. In this example the relia-
bility in determining the door’s position is enhanced. In
particular, if a door is opened, it often swings open without
being abruptly stopped, thus acceleration of the door leaf
when slowing down is quite low and continuous. When
closing a door, in contrast, the door leaf usually abuts
the door frame being causing a corresponding peak in
the acceleration (as a function of time). Most door frames
have an elastic gasket absorbing the shock when closing
the door. The gasket affects the peak enabling to distin-
guish when the door leaf abuts against the gasket from
the situation when an extended dead bolt of a door lock
abuts a door frame, or if the latch does not retract.
[0024] The precision of estimating the door status can
be further augmented, by monitoring the position of a
dead bolt and/or a latch of a door lock being mounted to
said door leaf.
[0025] The problem underlying the invention can as
well be solved by an electro mechanic door lock for being
mounted to a door leaf. The door lock can be e.g. a cyl-
inder lock. The door lock preferably comprises at least a
rotatable handle, at least one clutch for rotatably coupling
and decoupling the handle with a transmission and/or a
lock housing, a controller e.g. for controlling the clutch
and a magnetic field sensor. The handle can be e.g. a
door knob or a door lever. The clutch enables to selec-
tively couple and decouple the handle with a transmis-
sion. The transmission can be e.g. the cam of cylinder
lock or as well an output shaft for being coupled to a
follower for retracting a latch of a mortise lock. More gen-
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erally the transmission is a coupling means for coupling
the lock with means (e.g. of the mortise lock) for operating
a latch and/or a dead bolt. The at least one clutch enables
to selectively couple the handle to the transmission
and/or the housing. The clutch is preferably an electro-
mechanical clutch being controlled by controller. The
controller verifies if a user is authorized to lock or unlock
the lock by some user interface. The user interface may
be an RFID-reader, a sensor for biometric recognition
(e.g. a fingerprint sensor or the like), a keypad or any
other means enabling user authentication. If a user is
authorized, the clutch is operated accordingly i.e. opened
or closed. The magnetic field sensor is preferably a 3D-
magnetic field sensor (i.e. a 3-axis magnetometer). The
magnetic field sensor has a measuring area. This meas-
uring area is preferably at least approximately centered
(63cm, preferably 62cm, even more preferred 61cm or
even less) with the rotational axis of the handle. Thereby,
a rotation of the handle does not displace the magnetic
field sensor in the respective field. Thus, a measurement
of the magnetic field strength is not affected by rotation
of the handle, provided the angular position of the handle
has no (or only negligible) effect on the magnetic field.
But even if the handle has a non-vanishing magnetic field,
this field can be determined by simply rotating the handle
in a constant external magnetic field and obtaining the
magnetic field information for at least two angular posi-
tions. Subsequently the contribution of the handle’s mag-
netic field (and thus the contribution of the handle’s an-
gular position) to the measured magnetic field informa-
tion can be calculated, i.e. is known and can be subtract-
ed from the measured magnetic field information to there-
by obtain a corrected measured magnetic field informa-
tion.
[0026] The invention may thus as well (i.e. in addition
or alternatively) include rotating a handle of a lock, while
measuring the direction and/or the length of the magnetic
field vector in the vicinity of the handle, e.g. by a magnetic
field sensor being attached to the handle, and determin-
ing the change of the magnetic field vector as function
of the angular position of the handle. In a preferred em-
bodiment the magnetic field B(r, φ) (wherein r represents
a position and φ and angular orientation of the handle) is
measured for at least two orientations of φ1, φ2, wherein

preferably φ1 = φ2 + π. If the latter condition is met, the

corrected magnetic field Bext(r). in other words the exter-

nal magnetic field, can be obtained as the mean of the
two measurements, i.e.

 Other rela-
tions between φ1 and φ2 may as well be used. In practice,

the rotation by π cannot be performed exactly, but it can
be performed within an accuracy of a few degrees (e.g.
610° ≈ 60,028rad).
[0027] The method can be implemented using an elec-
tromechanical cylinder lock. The cylinder lock has a lock

housing, e.g. according to DIN 18252 (the so called EU-
RO-cylinder) to fit in mortise locks according to DIN
18252-1 to -3. The cylinder lock comprises at least a han-
dle, a clutch, a cam, and a controller. The clutch is con-
trolled by the controller and if closed, it provides a torque
proof connection between the handle and the cam. If the
clutch is open, the torque proof connection is disen-
gaged, i.e. there is no torque transmission between form
the handle to the cam via the clutch and preferably as
well not from the cam to the handle. "No torque" includes
0 Nm, but small torques may still be transmitted, provided
the transmitted torque is to low to lock or unlock a door
(e.g. by operating a mortise lock as defined in DIN
18252-1 to -3).
[0028] Preferably, the cylinder lock comprises at least
one magnetometer enabling to determine the orientation
and/or strength of a magnetic field at the position of the
magnetometer. For example, the magnetometer may be
inside the handle. Preferably the magnetometer is a three
axis magnetometer enabling to measure the components
of the magnetic field. The magnetometer is coupled via
a data link with the controller, enabling the controller to
store and process the measurement data obtained by
the magnetometer. As the wording implies, the measure-
ment data of the magnetometer provides information like
magnetic field strength and/or direction of the magnetic
field or at least one component of the magnetic field vec-
tor to the controller and is in this sense related to the
magnetic field at the magnetometer’s position. The data
link may be a digital bus system (like e.g. I2C or any other
appropriate communication bus) or simply an analog volt-
age representing the measured magnetic field strength
(either the total field strength and/or the component(s) of
the magnetic field vector). The data link simply provides
a communication of measurement data to the controller.
[0029] In particular, if the magnetometer is rotatable
relative to the lock housing, the cylinder lock preferably
comprises a position sensor for determining the angular
position of the magnetometer relative the cylinder hous-
ing. The position sensor is coupled via a position data
link to the controller, thereby enabling the controller to
obtain angular position information from the position sen-
sor. Again the position data link may be e.g. a digital bus
or any other appropriate means to signal the angular po-
sition of the magnetometer to the controller. The position
sensor is not necessarily directly attached to the magne-
tometer (but it may be). It may be mounted to a structure
being torque proof coupled to the magnetometer (or the
magnetometer itself). For example, if the magnetometer
is positioned inside a handle and rotates with that handle
(e.g. if it is attached to the handle), the position sensor
may determine the rotational position of the handle and
the position may be used as rotational position of the
magnetometer. The position sensor may measure the
angular position directly, i.e. relative to the cylinder hous-
ing or indirectly, e.g. relative to another reference that is
typically in a static relation with the cylinder housing. For
example, the position sensor may determine the angular
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position relative to the gravity vector. In this example, the
position sensor can be an accelerometer.
[0030] Mostly, the lock housing is configured to be at-
tached via a mounting screw, often as well referred to as
"cylinder screw" or "forend screw", to a mortise lock. For
example, the cylinder housing may have threaded hole,
typically extending orthogonally to the cylinder lock’s lon-
gitudinal axis for receiving the mounting screw. In a pre-
ferred example, a paramagnetic material magnetically
bridges the distance between the screw hole and the
cylinder lock’s magnetometer. In this sense the paramag-
netic material magnetically connects the hole and the
magnetometer. This enables to conduct a magnetic flow
from the threaded hole to the magnetometer or at least
to the vicinity of the magnetometer. Thus, if a magnetic
flow is coupled via the threaded hole to the cylinder lock,
it can be detected with a high reliability by the magne-
tometer, i.e. the magnetometer provides a sharp signal.
In this example, the mounting screw may as usual extend
from the mortise lock’s forend through a portion of the
mortise lock’s housing into the threaded hole. If the
mounting screw is of a paramagnetic material a magnetic
flow can be coupled via the mounting screw into the cyl-
inder housing. Thus, if one positions a small permanent
magnet opposite of the mounting screw’s head to the
door frame (supposing the door leaf to be closed), the
magnetic flow of the permanent magnet is conducted at
least in part via the magnetic mounting screw and the
magnetic bridge to the magnetometer. If the door is only
slightly opened, the magnetic coupling between the per-
manent magnet and the mounting screw is reduced sig-
nificantly, as the air gap increases between the mounting
screw and the permanent magnet as soon as the door
leaf pivots form its closed positon to an only slightly open
position (as the magnetic susceptibility of air is essentially
zero). This reduction in the magnetic coupling can be
measured by the processor using the magnetometer as
a reduction in the magnetic field strength. If the door is
subsequently closed, the measured magnetic field
strength enhances significantly.
[0031] In another example, a permanent magnet is
movably supported by the door frame and rotated if the
door is closed. Thus, by closing the door, the direction
of the magnetic field being provided by the permanent
magnet changes and can be detected. For example, at
least one permanent magnet may be movably, e.g. ro-
tatably supported by the door frame, e.g. by a striking
plate. The movable magnet may be comprised by a mov-
able portion. The movable portion is movably supported
relative to the door frame, e.g. relative to the striking plate
and/or a door jamb. The movably supported magnet may
have at least first and a second position. The movement
of the magnet thus changes the magnetic field in the vi-
cinity of the magnet, which can be detected, e.g. using
the magnetometer of the cylinder door lock as explained
above, thereby discrimination an open door from a closed
one.
[0032] In a preferred embodiment, the magnetic field

is rotated, this enabled particularly safe discrimination of
the door status (open, closed or potentially in transition).
To this end, the magnet is preferably rotatably supported
and rotatable between said first and second positions.
But rotation of the magnet is not the only way to rotate
the magnetic field. A translation of the magnet may as
well translate in a rotation of the magnetic field using
(para-) magnetic legs.
[0033] In a particular preferred example, the movable
portion blocks a recess of a door frame or door jamb
being configured for receiving a latch or a dead bolt, if
the magnet and thus the movable portion are in their first
position(s). If the latch or the dead bolt, respectively, en-
gages into the recess, it pushes the movable portion and
thus the magnet into its second position, thereby altering
the magnetic field in the vicinity of the door lock. This
altering can be detected by the controller using the mag-
netic field information obtained from the magnetometer.
Summarizing, in an aspect of the invention, the invention
may be implemented by a striking plate with a bearing
rotatably supporting the movable portion, wherein the
bearing enables the movable portion to move (e.g. to
rotate) between at least two positions, a first position, in
which the movable portion would - if not movably sup-
ported - block a recess of the striking plate. In the second
position the recess is not blocked. Blocking the recess
does not necessarily mean that the movable portion en-
gages into the recess, but at least a dead bolt and/or a
latch cannot be (fully) extended through the recess with-
out pivoting the magnet (e.g. via the movement of the
lever) into its second position. In other words, in the sec-
ond position the recess is clear of the movable portion.
Thus movable magnet enables not only to distinguish an
open door from a closed door (latch engaged into the
corresponding recess), but as well an unlocked door
(dead bolt not engaged into its recess) from a locked door
(dead bolt engaged).
[0034] In a preferred example, the movable portion has
a center of gravity. In the first position of the movable
portion, its center or gravity is below the position of its
center of gravity in the second position. Thus, by moving
the movable portion from its first into its second position
it gains potential energy. When opening the door, the
movable portion automatically reverts into its first posi-
tion, thereby restoring the magnetic field indicating "door
open".

Description of Drawings

[0035] In the following the invention will be described
by way of example, without limitation of the general in-
ventive concept, on examples of embodiment with refer-
ence to the drawings.

Figure 1 shows an example door.

Figure 2 shows a first example cylinder lock.
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Figure 3 shows a second example cylinder lock.

Figure 4 shows a third example cylinder lock.

Figure 5 shows a fourth example cylinder lock.

Figure 6 shows a preferred embodiment of a striking
plate.

Figure 7 shows another preferred embodiment of a
striking plate.

[0036] Figure 1 shows a door with a cylinder lock ac-
cording to a preferred embodiment. The door has a door
leaf 100 being pivotably supported relative to a door
frame 110. The door comprises a mortise 50 lock being
inserted into the narrow facing front end of the door leaf
100. The mortise lock has a dead bolt 51 and a latch 52
for being retraced by operation of a door handle 56. For
extending and retracting the dead bolt (and the latch) the
mortise lock provides a transmission being driven by a
cam 11 of cylinder lock, e.g. by the cam 11 of the cylinder
lock 1 as depicted in Figure 2. Often the transmission as
well enables to retract the latch 52. Strictly speaking the
cam 11 is part of a transmission providing a torque proof
connection (if the clutch is closed) between the handle
20 and the dead bolt and/or a latch. The cam has the
function of a mechanical connector of a releasable cou-
pling.
[0037] The example cylinder lock in figure 2 has a cyl-
inder housing 10 adapted to be mounted to a mortise
lock. A threaded hole 16 enables to secure the cylinder
lock 1 relative to the mortise lock using a mounting screw,
which may be inserted from the narrow side facing the
corresponding striking plate.
[0038] The cylinder housing 10 provides an axial bear-
ing for a cylinder core comprising the cam 11. The cylin-
der lock 1 further comprises a (cylinder) handle 20 being
rotatably supported by the cylinder housing 10. The han-
dle 20 and the cam 11 have a common rotational axis 2
(as well referred to as cylinder axis) can be coupled and
decoupled to each other by closing or opening a clutch
12, respectively. For simplicity, the clutch 12 is depicted
only symbolically, but a large number of different clutch
systems for connecting a handle to a cam have been
reported to so far (see e.g. DE10235201B4, DE
102004056988 B4, EP 1953314 B1, DE 10 2013 104
366, to name only a few). The clutch 12 is not necessarily
positioned in the cylinder core but can as well be inte-
grated in a handle, e.g, as suggested in EP978611B1.
Operation of the clutch 12 is controlled by a controller 13
in response to signals received from an authentication
device 14. In this example the authentication device is
symbolized as an antenna as used e.g. for RFID authen-
tication. But other means may be used as well, like e.g.
a fingerprint sensor, a keypad for entering a personal
code or the like or some sort of remote control receiver.
[0039] If a user’s authentication is verified, the control-

ler 13 closes the clutch and thereby enables the user, by
rotating the handle 20 to rotate the cam 11 as indicated
by arrow 13 (or in the other direction). Rotation of the
cam enables to operate the mortise lock (50), e.g. to ad-
vance or retract a dead bolt 51 and/or to retract a latch
52 (cf. Fig. 1).
[0040] Preferably, the cylinder lock further comprises
a magnetometer 30. The magnetometer may be connect-
ed to the controller 13 via a data link thereby enabling
the controller 13 to measure using the magnetometer the
magnetic field B(r) or at least the magnitude of the mag-

netic field, e.g.  and/or the mag-
nitude of at least a component Bi(r) of the magnetic field

B(r) and or the direction d of the magnetic field B(r), what
is summarized under the term magnetic field information.
Based on the magnetometer data, i.e. magnetic field in-
formation, the processor may determine whether the
door is closed or open (as depicted in Fig. 1). Potentially,
the processor may as well determine the door to be in
an undefined state as explained above in more detail.
[0041] Optionally, the cylinder lock may comprise an
angular position sensor 35 enabling to determine the an-
gular position of the cylinder handle 20 relative to the
cylinder housing 10 and/or the door leaf 100. In this ex-
ample, the angular position sensor 35 can be an accel-
erometer as indicated by a. The accelerometer enables
to determine the orientation of the gravity vector and thus
of the angular position of the cylinder handle 20.
[0042] Fig. 3 shows another preferred example of the
cylinder lock 1. This example is almost identical to the
example of Fig. 2 and the description of Fig. 1 can be
read on Fig. 2 as well. Like the cylinder housing 10 of the
cylinder 1 in Fig. 2, the cylinder housing in Fig. 3 is pref-
erably a non magnetic (e.g. diamagnetic) material, e.g.
of brass. Different from the cylinder housing 10 in Fig. 2,
the cylinder housing 10 in Fig. 3 magnetically connects
the threaded hole 16 with the cylinder housing’s front end
side 17 by inserts of magnetic material 19. The magnetic
material is preferably paramagnetic, i.e. have a (volume)
magnetic susceptibility χv greater than 0, i.e. χv > 0. In
practice the magnetic susceptibility χv of the magnetic
material should be greater than those of air (and of the
material the housing body is manufactured of. The mag-
netic material (hereinafter "insert", for short) can be e.g.
a (para)magnetic steel rod. If steel rods are use, the body
in addition reinforced rendering successful mechanical
attacks against the cylinder lock less probable.
[0043] The inserts 19.1-19.3 are inserted and prefer-
ably secured in recesses 18 of the cylinder housing 10.
In the example of Fig. 3, there are three recesses 18.1
to 18.3. A first recess 18.1 extends essentially parallel to
the axis 2 from the front side 17 at least almost to the
hole 16. There may remain a small amount of nonmag-
netic material remaining between the dead end of the
recess and the hole 16. Alternatively the recess 18.1 ex-
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tends into the hole 16. At least almost perpendicular (615
or better) to the first recess 18.1 is a second recess 18.2
extending from the bottom side 15 towards the axis 2.
The closed end of the second recess 18.2 is connected
to a third recess 18.3 extending again at least essentially
parallel (615° or better) to the axis 2 from the front side
17 to the end section of the second recess 18.2. In each
recess is an insert 19.1-19.3. The inserts preferably con-
tact is other mechanically. There may be gaps in between
of the inserts 19.1 to 19.3, but these should be kept small
to provide an essentially closed magnetic path. If a mag-
netic flux is coupled via a screw extending into (or
through) the hole 16, at least a portion of the magnetic
flux couples into the inserts and is literally conducted to-
wards the handle 20. The magnetic field thus exits via
the handle 20 facing side of the insert 19.3 and can be
detected by the magnetometer 30 inside the handle. To
improve said detection, the handle 20 may comprise a
magnetic structure 29 being positioned between the
magnetometer 30 and the front surface of the recess
19.1. The magnetic structure 29 so to speak picks up the
magnetic field (lines) exiting the insert 19.3 and guides
them to the magnetometer for detection. Other paths for
guiding a magnetic flux from the hole 16 to the magne-
tometer may be realized as well.
[0044] Another example is depicted in Fig. 4. Again the
description of Fig. 2 can be read on Fig. 4 as well. The
example of Fig. 4 differs from the example in Fig. 3 (and
Fig. 2) only in that the magnetic connection between the
hole 16 and the magnetometer 30 is provided by a single
insert 19 of an magnetic material, being positioned in a
single recess 18 extending obliquely relative to the axis
2. The advantage of this example is that only a single
recess 18 is and only a single insert 19 are required. The
disadvantage comes in manufacturing, requiring to drill
(or mill or otherwise provide) a recess in an oblique angle
via the front side opening of the cylinder housing 10.
[0045] Another preferred example is depicted in Fig. 5
and again the description of Fig. 2 can be read on Fig.
5, as well: It differs from the examples of Fig. 3 and 4 in
that it has two recesses 18.1 and 18.2, each housing an
insert 19.1, 19.2, respectively for magnetically, connect-
ing the whole 16 with the magnetometer. Compared to
the example of Fig. 3, the magnetometer 30 has been
moved into a shaft section of the handle. But of course
the examples of Fig. 2 and 3 are not limited to the re-
spective position of the magnetometer 30.
[0046] Fig. 6 shows an example of a striking plate 120.
The striking plate 120 may be mounted as indicated to a
door jamb of a door frame 110 and have at least one,
preferably two recesses 121, 122 for receiving a dead
bolt 51 and a latch 52. By attaching a permanent magnet
130 to the striking plate 120 or in the vicinity of the striking
plate the change of the magnetic field at the position r of
the magnetometer 30 in the examples of Fig. 2 to 5 can
be detected more reliably and used by the processor to
determine if the door leaf is open or closed with an en-
hanced accuracy. The magnet 130 is not necessary, but

significantly reduces the computational effort for reliably
determining if a door is opened or closed and thereby
enhances the battery lifetime of the battery powering the
cylinder lock. In addition the decision can be made quick-
er without using a more powerful, i.e. more expensive
controller. For determining whether the door is open or
closed the processor may use at least one of, the meas-
ured magnetic field strength ||B(r)||, the strength of at
least one of the components of the magnetic field Bi,

wherein i = x, y or z and/r the direction d of the magnetic
field B(r), which can be expresses a d = B(r)/iB(r)i.
[0047] Fig. 7 shows a further example of a striking plate
120. Like the striking plate 120 in Fig. 6 it may be mounted
as indicated to a door jamb of a door frame 110 and have
at least one, preferably two recesses 121, 122 for receiv-
ing a dead bolt 52 and a latch 51. Attached to the striking
plate 120 are two movable magnets 130.1 and 130.2 as
example for movable portions of the striking plate. In
practice, a single movable portion 130.1, 130.2 may be
sufficient, but for illustrative purposes both are depicted.
As apparent, the movable portions 130.1, 130.2 would
block the recesses 121, 122, respectively, but they are
movably supported enabling a latch and a dead bolt to
simply pivot movable portions 130.1, 130.2 upwards.
Thereby, the magnetic field in the vicinity of the corre-
sponding cylinder lock is altered (i.e. the direction d of
the magnetic field B(r) changes) and this alteration can
be detected by a magnetometer of a cylinder lock, e.g.
as depicted in FIGs. 2 to 5. In a preferred embodiment,
both movable portions 130.1 and 130.2 are installed, but
the respective magnets have a different strength. This
enables to distinguish if the first movable portion 130.1,
if the second movable portion or of both movable portions
130.1, 130.2 are pivoted upwards. In Fig. 7, the upper
portions of the movable portions 130.1, 130.2 are indi-
cated by a dashed line, to indicate that they are behind
the striking plate 120. Accordingly, the shaft supporting
the movable portions 130.1, 130.2 is as well indicated as
dashed line.
[0048] In this application B(r) indicates the magnetic
field in the door leaf’s reference system at a position r,
i.e. a potential rotation of the magnetometer has been
compensated. The non compensated magnetic field is
referred to as B(r, φ), wherein φ indicates an angle of
rotation of the magnetometer (and/or the handle 20). This
angle φ can be determined by said angular position sen-
sor 35. More generally φ is a vector as well, but in the
depicted examples it is sufficient to compensate for a
rotation of the magnetometer 30 around the axis 2 and
can thus be represented as scalar.
[0049] If a striking plate with a magnet 130 (and/or with
a rotatable portion 130.1., 130.2 comprising a magnet)
is used, the magnetic field of the magnet is in most cases
much stronger than the external magnetic field, e.g. the
earth magnetic field or even fluctuating magnetic fields
being produced by electrical apparatus in the vicinity of
the door. Any change of these fields thus has a reduced
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if not negligible effect in distinguishing the door to open
or closed based on the measurement data provided by
the magnetometer. This effect is further enhanced if there
is a magnetic path effectively connecting the magnet 130
with the magnetometer, e.g. via a magnetic mounting
screw and at least one magnetic insert 19 (including 19.1
to 19.3).

List of reference numerals

[0050]

1 cylinder lock
2 cylinder axis, rotational axis of cam 11 and cyl-

inder handle 20
3 rotation
10 cylinder housing (e.g. Euro cylinder housing)
11 cam
12 clutch
13 controller
14 authentication means, e.g. antenna, coil, fin-

gerprint sensor, key-pad,...
15 bottom side
16 threaded hole
17 front end side of the cylinder housing 10
18.1 first recess
18.2 second recess
18.3 third recess
19 magnetic material (e.g. paramagnetic or ferro-

magnetic) / insert
19.1 first insert
19.2 second insert
19.3 third insert
20 cylinder handle, briefly handle
30 magnetometer (e.g. 3-axis magnetometer)
35 angular position sensor
50 mortise lock
51 dead bolt
52 latch
55 mounting screw, cylinder screw, front end

screw
56 door handle
100 door leaf
110 doorframe
120 striking plate
121 recess for dead bolt 51
122 recess for latch 52
130 magnet
130.1 first magnet / first movable portion
130.2 second magnet / second movable portion

Claims

1. Method for determining the position of a door leaf
(100) relative to a door frame (110), characterized
in that the method comprises at least the steps of:

- obtaining at least the spatial orientation of a
magnetic field vector relative to a reference di-
rection being defined in the door leaf’s (110) co-
ordinate system and/or the length of the mag-
netic field vector, and or at least one component
of the magnetic field vector and or its length be-
ing attached to the door leaf (100) using at least
a magnetic field sensor (35);
- comparing the spatial orientation and/or the
length of the magnetic field vector or of at least
one of its components with at least a first or a
second predetermined orientation and/or first or
second predetermined length, respectively, to
thereby determine if the door is open or closed,
wherein the door is determined to be

+ closed, if a first closed condition is met,
wherein the first closed condition is met if
the magnetic field vector points in a first pre-
determined direction and/or has a first pre-
determined length and/or at least one of its
components has a first predetermined val-
ue,
+ open, if a first open condition is met, where-
in the first open condition is met if met if the
magnetic field vector points in a second pre-
determined direction and/or has a second
predetermined length and/or at least one of
its components has a second predeter-
mined value.

2. The method of claim 1,
characterized in that it comprises determining the
door leaf (100) to be in an undefined position if nei-
ther the closed nor the open condition is met.

3. The method of claim 1,
characterized in, that it said obtaining comprises:

- supporting the magnetic field sensor (35) by a
rotatable portion of a door lock (1) being at-
tached to the door leaf (100), wherein the rotat-
able portion is rotatable relative to the door leaf
(100),
- measuring the angle between the magnetic
field sensor’s coordinate system and the refer-
ence direction in the door leaf’s coordinate sys-
tem,
- measuring the spatial orientation of the mag-
netic field at the position of the magnetic field
sensor by the magnetic field sensor in the mag-
netic field sensor’s coordinate system,
- rotating the measured spatial orientation
against said angle to thereby obtain the spatial
orientation of the magnetic field at the position
of the magnetic field sensor in the door leaf’s
coordinate system and/or rotating the reference
direction as defined in the door leaf’s coordinate
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system by said angle to obtain the reference di-
rection in the magnetic field sensor’s coordinate
system,
- determining the spatial orientation of the mag-
netic field relative to said reference orientation
wherein both the spatial orientation and the ref-
erence orientation are either in the rotatable por-
tion’s coordinate system or both the door leaf’s
coordinate system,

and in that comparing step comprises:

- comparing the spatial orientation of the mag-
netic field relative to said reference orientation
with the predetermined orientation wherein both
the spatial orientation of the magnetic field rel-
ative to said reference orientation and the pre-
determined orientation are either in the rotatable
portion’s coordinate system or both the door
leaf’s coordinate system.

4. The method of one of claims 1 to 3,
characterized in, that it further comprises a calibra-
tion sequence, said calibration sequence compris-
ing:

- closing or opening the door,
- initializing a calibration mode of the door lock,
- obtaining at least the spatial orientation of a
magnetic field relative to a reference direction
being defined in the door leaf’s coordinate sys-
tem after the door was closed,
- assigning the predetermined orientation a vec-
tor being derived from said spatial orientation
being obtained in said calibration mode while
the door remained closed,

5. The method of claim 4, characterized in that
it further comprises:

- measuring at least the absolute value of the
acceleration of the door leaf (100) and
- skipping thee the assigning step, if the absolute
value of the mean of the acceleration and/or the
maximum of the absolute value of the acceler-
ation in the time interval starting after closing of
the door and ending with the end of the meas-
urement of the obtaining step as defined in claim
4 exceed a threshold.

6. The method of one of the preceding claim, charac-
terized in that it further comprises:

- Measuring the magnetic field strength at a po-
sition being defined in the door leaf’s coordinate
system,
- comparing the measured field strength with a
first or a second reference field strength, to

thereby determine if a second open or a second
closed condition is met and determining the door
to be

+ closed, if the first and the second closed
conditions are met, and
+ open, if the first and the second opens con-
ditions are met.

7. The method of one of the preceding steps, charac-
terized in that it further comprises:

- Determining, while the door is being closed the
acceleration of the door as a function of time and
storing at least one value being indicative for the
acceleration, and
- Subsequently, measuring the acceleration of
the door as a function of time,
- Comparing the measured acceleration of the
door with the at least one stored value, to thereby
determine if a third open or a third closed con-
dition is met, and determining the door to be

+ closed, if the first and/or the second and/or
the third closed conditions are met,
+ open, if the first and/or the second and/or
the third open conditions are met.

8. The method of one of the preceding steps, charac-
terized in that it further comprises: monitoring the
position of a dead bolt (51) and/or a latch (52) of a
door lock being mounted to said door leaf (110) and
performing the obtaining and comparing steps as de-
fined in claim after the dead bolt (51) was advanced
and/or after the latch (52) was blocked.

9. Door lock (1) for being mounted to a door leaf (100)
comprising at least,

- a housing (1) rotatably supporting a transmis-
sion means (11)
- a rotatable handle (20) being supported by the
housing (1),
- a clutch (12) for torque-proof coupling and de-
coupling the handle (20) with the transmission
(11) and/or a lock housing (10),
- a controller (13),

characterized in that it further comprises
a magnetometer (35) being connected via a data link
with the controller, for providing measurement data
relating to the magnetic field at the magnetometer’s
position to the controller (13).

10. Door lock (1) of claim 9, characterized in that the
door lock further comprises an angular position sen-
sor being torque proof connected to the magnetom-
eter and being connected via a data link to the con-
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troller (13).

11. A striking plate (120) or a door jamb, comprising a
plate having at least one recess (121, 122) being
configured for receiving a dead bolt (51) and/or a
latch (52) of a mortise lock (50), characterized in
that at least one movable portion (130. 1, 130.2)
comprising at least one magnet is movably support-
ed by the striking plate (120) or the door jamb, re-
spectively, enabling the movable portion (130.1,
130.2) and thus the magnet to be moved at least
from a first positon to a second position, wherein in
the first position, the movable portion (130.1, 130.2)
blocks the recess (121, 122) and wherein in the sec-
ond position, the recess (121, 122) is clear.

12. The striking plate of claim 11, characterized in that,
the movable portion (130.1, 130.2) has a center of
gravity being moved upwards, when moving the
movable (130.1, 130.2) portion from its first position
into it second position.

Amended claims in accordance with Rule 137(2)
EPC.

1. Method for determining the position of a door leaf
(100) relative to a door frame (110), wherein the
method comprises at least the steps of:

- obtaining at least the spatial orientation of a
magnetic field vector relative to a reference di-
rection being defined in the door leaf’s (110) co-
ordinate system and/or the length of the mag-
netic field vector, and or at least one component
of the magnetic field vector and or its length be-
ing attached to the door leaf (100) using at least
a magnetic field sensor (35);
- comparing the spatial orientation and/or the
length of the magnetic field vector or of at least
one of its components with at least a first or a
second predetermined orientation and/or first or
second predetermined length, respectively, to
thereby determine if the door is open or closed,
wherein the door is determined to be

+ closed, if a first closed condition is met,
wherein the first closed condition is met if
the magnetic field vector points in a first pre-
determined direction and/or has a first pre-
determined length and/or at least one of its
components has a first predetermined val-
ue,
+ open, if a first open condition is met, where-
in the first open condition is met if met if the
magnetic field vector points in a second pre-
determined direction and/or has a second
predetermined length and/or at least one of

its components has a second predeter-
mined value.

- executing a calibration sequence, the calibra-
tion sequence comprising:

+ closing the door,
+ initializing a calibration mode of the door
lock,
+ obtaining at least the spatial orientation of
a magnetic field relative to a reference di-
rection being defined in the door leaf’s co-
ordinate system after the door was closed,
+ assigning the predetermined orientation a
vector being derived from said spatial ori-
entation being obtained in said calibration
mode while the door remained closed,

characterized in that the calibration sequence fur-
ther comprises

- measuring at least the absolute value of the
acceleration of the door leaf (100) and
- skipping thee the assigning step, if the absolute
value of the mean of the acceleration and/or the
maximum of the absolute value of the acceler-
ation in the time interval starting after closing of
the door and ending with the end of the meas-
urement of the obtaining step as defined in claim
4 exceed a threshold.

2. The method of claim 1,
characterized in that it comprises determining the
door leaf (100) to be in an undefined position if nei-
ther the closed nor the open condition is met.

3. The method of claim 1,
characterized in, that it said obtaining comprises:

- supporting the magnetic field sensor (35) by a
rotatable portion of a door lock (1) being at-
tached to the door leaf (100), wherein the rotat-
able portion is rotatable relative to the door leaf
(100),
- measuring the angle between the magnetic
field sensor’s coordinate system and the refer-
ence direction in the door leaf’s coordinate sys-
tem,
- measuring the spatial orientation of the mag-
netic field at the position of the magnetic field
sensor by the magnetic field sensor in the mag-
netic field sensor’s coordinate system,
- rotating the measured spatial orientation
against said angle to thereby obtain the spatial
orientation of the magnetic field at the position
of the magnetic field sensor in the door leaf’s
coordinate system and/or rotating the reference
direction as defined in the door leaf’s coordinate
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system by said angle to obtain the reference di-
rection in the magnetic field sensor’s coordinate
system,
- determining the spatial orientation of the mag-
netic field relative to said reference orientation
wherein both the spatial orientation and the ref-
erence orientation are either in the rotatable por-
tion’s coordinate system or both the door leaf’s
coordinate system,

and in that comparing step comprises:

- comparing the spatial orientation of the mag-
netic field relative to said reference orientation
with the predetermined orientation wherein both
the spatial orientation of the magnetic field rel-
ative to said reference orientation and the pre-
determined orientation are either in the rotatable
portion’s coordinate system or both the door
leaf’s coordinate system.

4. The method of one of the preceding claims, charac-
terized in that it further comprises:

- Measuring the magnetic field strength at a po-
sition being defined in the door leaf’s coordinate
system,
- comparing the measured field strength with a
first or a second reference field strength, to
thereby determine if a second open or a second
closed condition is met and determining the door
to be

+ closed, if the first and the second closed
conditions are met, and
+ open, if the first and the second opens con-
ditions are met.

5. The method of one of the preceding claims, charac-
terized in that it further comprises:

- Determining, while the door is being closed the
acceleration of the door as a function of time and
storing at least one value being indicative for the
acceleration, and
- Subsequently, measuring the acceleration of
the door as a function of time,
- Comparing the measured acceleration of the
door with the at least one stored value, to thereby
determine if a third open or a third closed con-
dition is met, and determining the door to be

+ closed, if the first and/or the second and/or
the third closed conditions are met,
+ open, if the first and/or the second and/or
the third open conditions are met.

6. The method of one of the preceding claims, charac-

terized in that it further comprises: monitoring the
position of a dead bolt (51) and/or a latch (52) of a
door lock being mounted to said door leaf (110) and
performing the obtaining and comparing steps as de-
fined in claim 1 after the dead bolt (51) was advanced
and/or after the latch (52) was blocked.

7. Door lock (1) for being mounted to a door leaf (100)
comprising at least,

- a housing (1) rotatably supporting a transmis-
sion means (11)
- a rotatable handle (20) being supported by the
housing (1),
- a clutch (12) for torque-proof coupling and de-
coupling the handle (20) with the transmission
(11) and/or a lock housing (10),
- a controller (13),
- a magnetometer (35) being connected via a
data link with the controller, for providing meas-
urement data relating to the magnetic field at the
magnetometer’s position to the controller (13),

characterized in that the door lock is configured to
execute the method of one of the preceding claims..

8. Door lock (1) of claim 7, characterized in that the
door lock further comprises an angular position sen-
sor being torque proof connected to the magnetom-
eter and being connected via a data link to the con-
troller (13).
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