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Method for Training a Gesture Recognition System

Technical field

[0001] The present invention generally relates a method for training a gesture

recognition system and to an online trainable system.

Background of the Invention

[0002] Today, gesture recognition is used in a growing number of applications as
a means of command input. The user performs a gesture, which is recognised and
interpreted as a command. Gesture recognition systems utilize various types of
sensors, like visual, radar, capacitive, etc., to detect the gesture. Among others,
such systems are presently used to steer the infotainment system in a car interior

or to activate an opening/closing mechanism for a vehicle door or a trunk.

[0003] However, such systems are usually trained offline, i.e. a supervised
learning is performed by means of training data that have been
generated/measured by the producer. Hence, they are not calibrated to the actual
customer. As gestures can be very individual and depend on the individual body
dimensions, this approach (which may be referred to as offline training) may
significantly limit the performance of such a system in practice. In principle, it is
conceivable to apply a training procedure for a specific user, where the user is
asked to perform specific gestures and the recognition system learns how these
gestures are being performed. However, such a training procedure can be tedious

for the user and means an interruption to the normal service time.

Object of the invention

[0004] It is thus an object of the present invention to provide means for adapting

a gesture recognition system to a user while being online.

[0005] This problem is solved by method for training a gesture recognition system
according to claim 1 and by an online trainable system according to claim 12.
General Description of the Invention

[0006] The invention provides a method for training a gesture recognition system.
The gesture recognition system is of course adapted to recognise a gesture of a
user and to associate this gesture with an action to be performed. The respective
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gesture could e.g. correspond to a motion of a finger, a hand, an arm, a foot, a leg
or even a head of the user. Optionally, combined motions of several body parts
could be included in one gesture. In general, the gesture recognition system may
be used in various applications. In particular, it can be associated with a car and
the action to be performed may be an action of an active system of the car, e.g. a
car infotainment system, a door opener or a trunk opener. However, the gesture
recognition system could be associated with other devices, e.g. with a multimedia
device like a tablet or a smartphone. At least some aspects of the gesture

recognition system are normally software-implemented.

[0007] The method includes performing at least one sampling cycle. As will
become apparent the following, the term "sampling cycle" refers to a sample that
can be obtained during each sampling cycle. Performing the sampling cycle
includes receiving, from a sensor system, sensor data representing a first gesture
by a user and at least temporarily storing the sensor data. The sensor system
could comprise any kind of sensor that can be used to detect a body motion, i.e. a
gesture of the user. For example, it may comprise an optical sensor like a camera,
a radar sensor, an ultrasonic sensor and/or a capacitive sensor. In general, the
invention is in no way limited to a specific type of sensor system. The sensor data
represent a first gesture of the user. In this context, the first gesture can be any
kind of body motion, whether intentionally or unintentionally performed by the user.
This gesture is detected by the sensor system, thereby generating sensor data.
Primarily, the sensor data may even be an analogue signal, which normally is
converted to a digital format. The sensor data are then at least temporarily stored.
Of course, this includes the possibility that the format of the sensor data is
converted, compressed or processed in any other way before they are stored. As
will become apparent in the following, the sensor data are normally only stored
temporarily, not permanently. They can be stored in a memory of the gesture

recognition system or in some external memory.

[0008] In another step of the sampling cycle, the first gesture is interpreted,
based on a mapping relation, as corresponding to a first action to be performed,
which first action is selected from a predefined action set. The mapping relation in
general comprises one or a plurality of rules or criteria according to which a
gesture can be associated with an action to be performed. One might also say that
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these are criteria according to which the gesture can be mapped onto an action.
For example, one gesture could be a kicking motion that the user performs next to
the trunk of a car, and the associated action could be opening the trunk. Another
example is a swiping motion that the user performs with a finger on a steering
wheel, where the associated action is turning up the radio volume. The action set
is a set of actions, each of which is associated with a certain gesture via the
mapping relation, and vice versa. The mapping relation can be rather simple or
complex. It may be applied by a gesture recognition module that can be regarded
as the central part of the gesture recognition system. Of course, the gesture

recognition module is at least partially software-implemented.

[0009] Atfter the first action has been identified using the mapping relation, the
first action is performed, e.g. by the above-mentioned active system like an

infotainment system, a trunk opener or the like.

[0010] If, within a predefined reaction time after beginning to perform the first
action, a correcting user input is received indicating that the first gesture
corresponds to a different, second action from the action set, the second action
together with the sensor data are stored as a gesture sample. According to the
method, a reaction time is predefined, which is a time interval after beginning to
perform the first action. As the first action is performed, the user can realise
whether this was the action he intended to initiate with the first gesture or not. It is
possible that the gesture recognition system misinterpreted the first gesture and
erroneously associated it with the first action. The reaction time is an estimate of
how long it may take the user at maximum to realise if the first action is the
"correct" action or not and to react with a correcting user input. For example, the
reaction time could be within one and 10 seconds or between 2 and 5 seconds. It
is possible that the reaction time depends on the first action, e.g. because the user
may need different amounts of time to realise the first action depending on its
nature. By the user input, the user tries to correct the misinterpretation by the
gesture recognition system and to initiate a second action that he originally
intended to initiate with the first gesture. Therefore, the sensor data and second
action are stored together as a gesture sample. The sensor data had already been
stored before, wherefore normally only the second action has to be stored in a way
that allows association with the sensor data. Although the second action is stored
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"together" with the sensor data, this normally does not mean that they are
physically stored in the same region of a memory device, but only that they are
stored so that they are both parts of the gesture sample.

[0011] In some cases, the gesture recognition system may fail to properly
recognise a gesture because the user made a mistake. For example, the user
could have performed a first gesture that does not even resemble the gesture
associated with the second action, e.g. because the user was distracted or is
simply unfamiliar with the gesture recognition system. In these cases, the system
should not include the first gesture in the adapting process explained below.
Therefore, it is useful if only those gesture samples are included where the first
gesture at least resembles an "ideal" gesture (most clearly) associated with the
second action. According to the invention, after receiving the sensor data, a score
indicating a degree of correspondence between the first gesture and the second
action is calculated, and the gesture sample is only stored if the score is above a
predefined threshold. In other words, some criterion or criteria are applied to
determine how well the first gesture indeed corresponded to the second action and
a score is calculated that represents a probability. Of course, this score is higher if
the first gesture has more resemblance to the above-mentioned "ideal" gesture.
Preferably, the score indicates a degree of similarity between the first gesture and
an ideal gesture associated with the second action. The ideal gesture can be -
explicitly or implicitly - defined by the mapping relation. It is understood that the
above-mentioned score could be assigned to a plurality of actions in the action set,
in particular to each action in the action set, and when associating the first action
with the first gesture, the first action is the one with the highest score. In other
words, interpreting the first gesture as corresponding to the first action could be
based on the first action having the highest score among the plurality of actions.
The score is calculated after receiving the sensor data, which of course does not
mean that it has to be calculated immediately afterwards. For example, it could be
calculated only after the correcting user input has been received. As an alternative
to determining the similarity of the first gesture and the ideal gesture, a “distance”
or “similarity” could be defined (or calculated in advance) for each pair of actions.
This distance/similarity would be based on a comparison of the respective ideal
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gestures associated with the actions. Then, the score could be calculated based

on this distance/similarity.

[0012] As mentioned above, the method includes performing at least one
sampling cycle. In another step of the method, after storing at least one gesture
sample, the mapping relation is adapted based on at least one stored gesture
sample. Storing at least one gesture sample requires completion of at least one
sampling cycle. The at least one gesture sample contains information on at least
one (first) gesture that is to be associated with a (second) action to be performed,
but was misinterpreted by the gesture recognition system. Therefore, the at least
one gesture sample can be used to adapt the mapping relation, i.e. to perform a
learning process. There are numerous ways how this adaptation can be
performed, at least some of which can be classified as "machine learning”. Either
way, by adapting the mapping relation based on the gesture sample(s), and
adaptation to the individual gesture performance of a specific user can be
achieved. After the adaptation has been completed, the respective first gesture, if
repeated in the future, will be recognised correctly — i.e. associated with the
correct action — with a higher probability. Adapting the mapping relation may at
least implicitly correspond to adapting the ideal gestures associated with the
individual actions. It should be noted that the inventive method can be performed
as the recognition system is online and does not require any interruption by a
dedicated training procedure.

[0013] Preferably, the score is calculated based on at least one criterion of the
mapping relation. As mentioned above, the mapping relation is normally based on
at least one criterion or several criteria. It will be understood that interpreting the
first gesture as corresponding to the first action may be based on fulfiiment of only
some of the criteria or on partial fulfilment of at least one criterion. Therefore, this
at least one criterion can also be applied for calculating a score that indicates a
degree of correspondence. One could also say that the score is calculated at least
partially based on the same criteria as the mapping relation. In fact, as already
hinted above, the mapping relation could be based on calculating the score for a
plurality of actions and selecting the action with the highest score as the one that
the first gesture corresponds to.



WO 2020/007881 PCT/EP2019/067773
6

[0014] It is preferred that if, within the reaction time, a correcting user input is
received corresponding to the second action, the second action is stored together
with the sensor data as the gesture sample. In other words, within the reaction
time, a user input is received that indicates that the user intended to initiate a
different action, namely the second action. One example of this could be that the
user of a car infotainment system performs a first gesture which is interpreted as
corresponding to starting a phone call. Within a reaction time, a correcting user
input is received that corresponds to muting the radio, thereby indicating that his
original first gesture was not intended to initiate the first action (starting the phone
call). Rather, it can be assumed that the first gesture was also intended to mute
the radio. This assumption can optionally be verified, as will be described below.
Based on this assumption, the first gesture is associated with the second action
(muting the radio) and both are stored as a gesture sample.

[0015] Normally, the action set includes a neutral action, corresponding to
inactivity. If a gesture is associated with the neutral action, this gesture has no
effect whatsoever. Such gestures can be, for example, any random motion
performed by the user without any intention to initiate an action. In particular, any
gesture that cannot be recognised or associated with a "real" action, is interpreted
as corresponding to the neutral action. However, it is also possible that the user
performs a first gesture intended to initiate an action like e.g. opening the trunk,
but the gesture recognition system interprets the first gesture as corresponding to
the neutral action, for example because the motion performed by the user was too
small to be recognised properly. Then, the user could try to correct this
misinterpretation by a correcting user input, e.g. by manually pressing a trunk
opener button. If the first action is the neutral action, “performing the neutral
action” begins after interpreting the first gesture has been finished, i.e. the reaction
time starts after the first gesture has been interpreted as corresponding to the
neutral action. Especially in this case, the reaction time could be longer than for
other actions, since it might take the user longer to realise that the neutral action is
performed (i.e. that nothing happens).

[0016] However, it is also conceivable that the user performs some random
motion as the first gesture. In this case, the user's intention is not to initiate any
"real" action, but the first gesture still could be interpreted as corresponding to
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such an action, e.g. opening the trunk, turning on the radio or the like. In such a
case, the normal reaction of the user could be to simply undo the first action, e.g.
close the trunk, turn the radio off again or the like. This behaviour by the user can
be interpreted in that the first gesture should have been associated with the
neutral action. According to one embodiment the method includes that if, within the
reaction time, a correcting user input is received corresponding to undoing the first
action, the neutral action is stored together with the sensor data as the gesture
sample. The idea is that the user would normally not input a first command by the
first gesture and then shortly afterwards (i.e. within the reaction time) input a
second command by the correcting user input to undo the first command if
inputting the first command was intentional. Rather, the most likely interpretation is
that the user did not want to input any command at all, i.e. the correct
interpretation by the system would have been the neutral action. Accordingly, the
first gesture is associated with the neutral action by storing these two as a gesture
sample.

[0017] In order to further improve the reliability and accuracy of the learning
process, it is preferred that before storing the gesture sample, the user is asked to
confirm that the first gesture did not correspond to the first action. This could be
done by outputting an audio or text message to the user, corresponding to e.g.:
"Did you not want to...?" or "Was your gesture not intended to...?". The response
of the user could then be input by voice or manually, e.g. by the user pressing a
button or touching a sensor field. In principle, it is also conceivable that the
response of the user is also input through the sensor system as another gesture.
However, this may not be preferred because recognising the user's response
should preferably be failsafe and independent of gesture recognition based on the
sensor system. It is understood that in this embodiment, the gesture sample is
only stored if the user confirms that the first gesture did not correspond to the first

action.

[0018] If the user did not want any "real" action to be performed, i.e. if he wanted
the neutral action to be performed, it can be sufficient to merely ask the user to
confirm that the first gesture did not correspond to the first action. However, in
other cases it may be preferable that before storing the gesture sample, the user is
asked to confirm that the first gesture corresponds to the second action. This could
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be done by outputting an audio or text message to the user, corresponding to e.g.:
"Did you want to...?" or "Was your gesture intended to...?". The response of the
user can be input by any of the means mentioned above. It is understood that in
this embodiment, the gesture sample is only stored if the user confirms that the
first gesture corresponds to the second action.

[0019] The correcting user input may be received in various different ways.
According to one embodiment, the correcting user input is sensor data
representing a second gesture received from the sensor system. In other words,
sensor data are received that are interpreted to correspond to the first gesture and
within the (relatively short) reaction time, sensor data are received that are
interpreted to correspond to the second (normally different) gesture. It should be
noted that both gestures could be similar and the corresponding actions could be
identical, though. For example, if the first gesture corresponds to a toggling action
like e.g. "turn radio on/off", the user allegedly turning the radio on and turning it off
immediately afterwards could indicate that the user did not want to turn the radio in
the first place. Normally, however, the second gesture is different from the first
gesture and can either correspond to a second action undoing the first action or it
may correspond to a second action that is not related in any way to the first action.
Receiving the correcting user input as a second gesture can be advantageous
insofar as there is no need for an alternative input means or the user employing

such input means for the correcting input.

[0020] Alternatively or additionally, it is possible that the correcting user input is
received from an input device independent of the sensor system. This input device
can be for example a sensor field, a button, a microphone or the like. Using such
independent systems has the advantage that they are unaffected by difficulties of
the gesture recognition system to appropriately recognise gestures.

[0021] After adapting the mapping relation, at least one stored gesture sample
may be deleted. In particular, all stored gesture samples may be deleted. This is
an approach where after the adaptation process, the stored gesture samples are
regarded as already used and therefore obsolete. However, in some cases it may
also be useful to keep at least some of the stored gesture samples for the next
adaptation. Optionally, they could be included in the next adaptation process by



WO 2020/007881 PCT/EP2019/067773
9

applying a weight factor, with newer gesture samples having a greater weight than

older gesture samples.

[0022] In principle, the number of sampling cycles that are performed before the
mapping relation is adapted can be varied. It is understood that for an adaptation
of the mapping relation, at least one stored gesture sample is necessary. Apart
from this, the adaptation could be performed after a certain time interval, e.g.
every day or after a certain number of service hours. According to one
embodiment, the mapping relation is adapted when a predefined number of
gesture samples have been stored. This predefined number could have various
values, e.g. somewhere between 10 and 100. It could be chosen so that on the
one hand, there are enough gesture samples to provide a reliable basis for the
adaptation, while on the other hand, the adaptation is not postponed too long if the
gesture recognition system e.g. fails to correctly recognise certain gestures too

often.

[0023] The invention further provides an online trainable system comprising a
gesture recognition system, a sensor system and an active system, which online
trainable system is configured to perform at least one sampling cycle. Each
sampling cycle includes receiving sensor data representing a first gesture by a
user from the sensor system and at least temporarily storing the sensor data;
based on a mapping relation, interpreting the first gesture as corresponding to a
first action to be performed by the active system, which first action is selected from
a predefined action set; the active system performing the first action; and if, within
a predefined reaction time after beginning to perform the first action, a correcting
user input is received indicating that the first gesture corresponds to a different,
second action from the action set, storing the second action together with the
sensor data as a gesture sample, wherein after receiving the sensor data, a score
indicating a degree of correspondence between the first gesture and the second
action is calculated, and the gesture sample is only stored if the score is above a
predefined threshold. The system is further configured to, after storing at least one
gesture sample, adapt the mapping relation based on at least one stored gesture

sample.

[0024] The online trainable system, in this context, is simply any kind of system
that comprises the gesture recognition system, the sensor system and the active
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system and is adapted as described above. In particular, this may be a system in a
car, a multimedia device like a tablet or a smartphone. All other terms have been
described above with respect to the inventive method and therefore will not be
explained again. It is understood that the first gesture is interpreted by the gesture

recognition system.

[0025] Preferred embodiments of the inventive system correspond to those of the

inventive method.

Brief Description of the Drawings

[0026] Further details and advantages of the present invention will be apparent
from the following detailed description of not limiting embodiments with reference
to the attached drawing, wherein:

Fig.1 is a schematic view of a first embodiment of an online trainable system
according to the invention;

Fig.2 is a flowchart illustrating a first embodiment of an inventive method for

training a gesture recognition system;

Fig.3 is a flowchart illustrating a second embodiment of an inventive method for

training a gesture recognition system; and

Fig.4 is a schematic view of a second embodiment of an online trainable system
according to the invention.

Description of Preferred Embodiments

[0027] Fig.1 shows a part of a car 20 with a first embodiment of an online
trainable system 1 according to the invention. Among various other systems, the
car 20 comprises an infotainment system 4 that can be operated basically in two
different ways. On the one hand, a user 30 can operate the infotainment system 4
manually via a touchscreen 5. It is understood that pushbuttons or other sensor
fields could be used instead of the touchscreen 5. On the other hand, the user 30
can operate the infotainment system 4 by gestures, which are recorded by a
camera 2 that is installed in front of the user 30. The camera 2 is in communication
with a gesture recognition system 3, which in turn is connected to the infotainment

system 4.
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[0028] The camera 2 is a sensor system that provides sensor data x
corresponding to a gesture G4, G2 by the user 30 to the gesture recognition
system 3. Depending on the gesture G4, G2 recognised by the recognition system
3, it can output a command to the infotainment system 4 to perform a certain
action ao-am. The recognition system 3, which of course is at least partially
software-implemented, comprises a gesture recognition module M, 4 , which is an
implementation of a machine learning based method for gesture recognition (e.g.
an artificial neural network) with trainable parameters 8. When receiving sensor
data x as input, the gesture recognition module M, 4 outputs an action or a subset
of possible actions ao-am from an action set S={ay, a4, ..., a,,}. The latter contains
all possible actions ao-ax that could be intended by gestures G4, G2 and that are
supported by the gesture recognition system 3. Here and in the following, a,
denotes the neutral action, corresponding to no command being sent to the
infotainment system 4. This can mean e.g. that the gesture recognition system 3
has detected a gesture but is not able to decode it. In general, one can say
M, (x)€S. In other words, M, represents a mapping relation from the space of

gestures G4, G2 to the action set {ay, a, ..., @, }-

[0029] No two drivers 30 will perform a certain gesture G, G2 in exactly the same
manner. Therefore, there is some room for misinterpretation of a certain gesture
G1, Gz, so that the gesture recognition system 3 may be unable to identify any
specific gesture Gi, G2 (resulting in output of the neutral action a,) or may
misinterpret the gesture G4, G2 so that the infotainment system 4 performs an
action ao-am that is different from the one intended by the user 30. In order to
better adapt to the gestures G4, G2 performed by different drivers 30, the online
trainable system 1 is adapted to perform the method illustrated by the flowchart in
fig. 2.

[0030] During operation, the system 1 performs a plurality of sampling cycles. At
the beginning of the sampling cycle, sensor data x are received, which represent a
first gesture G1 by the user 30. These sensor data x are temporarily stored. In a
next step, the gesture recognition system 3 applies the mapping relation
represented by the gesture recognition module M, 4 , thereby interpreting the first
gesture G4 as corresponding to a first action ax=M, 4 (x). After that, the first action

ax is performed by the infotainment system 4. Now, within a reaction time T, a
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correcting user input may be received that corresponds to a different, second
action ay to be performed by the infotainment system 4. The correcting user input
is hereinafter denoted as act(T). It may either be a second gesture G that is
recorded by the camera 2 or it may be an input through the touchscreen 5. If no
correcting user input related to at least one of {a,,...,a,,} is detected within the
reaction time T, then act(T)=a,. If a correcting user input corresponding to one of
{a,, ..., ay} is detected within the reaction time T, this could indicate that the first
gesture G4 was misinterpreted by the gesture recognition system 3, namely in that
the user 30 in fact intended to initiate the second action a, with the first gesture Gi.
Normally, it should be checked whether the correcting user input corresponds to a
second action ay that is actually different from the first action ax.

[0031] In order to better assess this possibility, a score ¢ is calculated that
indicates a degree of correspondence between the sensor data x and the second
action ay. Herein, ¢ =E(act(T), x), where E is an estimator function. In particular,
the estimator function £ and the score ¢ are based at least partially on the same
criteria as the mapping relation represented by M,,. If ¢ is greater than a
predefined threshold cmin, it can be assumed that the first gesture G4 corresponds
to the second action ay. Optionally, the user 30 can be asked to confirm this
correspondence. This can be done by a voice or text output to the user 30
corresponding to e.g.: "Did you want to...?" or "Was your gesture intended to...?".
The answer of the user 30 could be input e.g. via the touchscreen 5 or via a
microphone (not shown in the figure). If the user 30 confirms, the second action is
stored together with the sensor data x as a gesture sample (x,act(T,)) to a
database (X, iine, Yoniine). ONe could also say that the sensor data x are labelled
by the second action qy

[0032] There are a variety of possibilities how the estimator function could be
calculated. One example would be

E(act(T), x):=d, - dist(Ma,o(x), act(T))

where dist() is a suitable distance function and d, is a constant (which could be
zero). The function could be designed in an optimal way, which means that
gestures which are very similar could be rated differently from gestures which are

not similar at all. Due to the fact that the number of possible actions {a,, ...,a,} of
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the system is limited, the distance function could be realized via a matrix, e.g.
dist(ai,a;))=a:' D aj , where D € R*""1*"*1 |n this context, dist() is assumed to yield
a higher value for dissimilar gestures, so that E(act(T), x) as defined above has its
maximum value for identical gestures. It should be understood that while dist() is
formally a function of two actions, its function value is based on the distance (or
similarity, respectively) of the “ideal” gestures associated with these actions.

[0033] The gesture recognition module M,,, for instance in case of neural
network, can provide a score indicating a similarity or probability of
correspondence for each possible action {a, ..., a,}. This score could be calculated
in a similar way or even identical to the estimator function E£. The one with the
highest score is considered as the first action a,. Thus, in case a second action qy
is manually performed by the user 30 within the reaction time T, the system 1
could evaluate the original score resulting from M, , for this second action ay and

compare it to a threshold value.

[0034] As a variant, a mechanism could be implemented in M,, according to
which its parameters 6 are slightly changed, either deterministically or randomly,
but in a way that the classification performance stays in certain range that is
considered acceptable. Then, each sensor data x would be run through several
versions of M, g, say My 4, ..., Mag, (I being the total number of versions), each of
which yields a score for all possible actions {qa, ..., a,}. Then, if the scores for the
second action ay (performed by the user 30) are in mean above a certain
threshold, the system 1 could accept the gesture to correspond to that action.
Additionally to the average score, the system 1 could also take into account the
variance of the scores and only accept the gesture as corresponding to the second
action qy if the variance is below another predefined threshold.

[0035] The system 1 may also take into account the duration of the gesture, e.g.
assigning a lower score to shorter gestures, since they are more likely the result of
random motion. Additionally or alternatively, the system 1 may take into account
the distance of the user 30 from the camera 2 (or another sensor used to detect
the gestures G4, G2). If the distance is great, this could impair the detection
accuracy, wherefore a lower score could be assigned.
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[0036] If a gesture e.g. of a hand is to be detected, a “skeleton” hand model could
be fit to the image of the hand in the camera images. Then, trace and velocity of
particular parts of the skeleton could then be determined. By comparison of theses
trace and velocity values to “ideal” values stored for each action {a, ..., a,}, the
score ¢ can be determined and/or the first action a, can be identified. The ideal

values correspond to an ideal gesture associated with the respective action.

[0037] As an example, the user 30 performs a first gesture G4 that is detected by
the system 1 and interpreted as a command to start a phone call. If, within the
reaction time T, the user 30 rejects to start a phone call but instead mutes the
radio, the system 1 can take this correcting user input as an indicator that the
preceding gesture G4 could have been intended to mute the radio. Then, if E(a =
mute radio, x) exceeds the threshold cmin, the system 1 could ask the user 30 to
confirm this interpretation and, if he does, store (x, mute radio) in (X niines Yontine)-
The function E could for instance be a machine learning module dedicated to
estimate if in certain wide sense a gesture-action pair fits to corresponding pairs
that have been used to train the system.

[0038] The online trainable system 1 performs a plurality of sampling cycles until
a predefined number N of gesture samples have been stored. Then, the mapping
relation of the gesture recognition module M, , is adapted by applying an online
(re-)training function R(MAIQ,X, Y) of the gesture recognition module M, 4 with
current parameters 6. This function R(MA,Q,X,Y) returns new parameters @
defining the trained model. After the adaptation has been completed, the

previously recorded gesture samples can be deleted and the method can resume
performing a plurality of sampling cycles.

[0039] The method can be described by the following pseudo code:

While lifetime of the system
If a signal x that indicates a gesture is detected
Perform M, (x)
If M, g,(x) # act(T,) And act(T,) # a; And E(act(T_x),x) > Cmin
If driver confirms the correctness of the prediction E (act(T,), x)
Write the pair (x, act(T,)) t0 (Xoniine, Yoniine)
End if
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End if
End if

If number of samples (X, iine> Yoniine) €Xceeds N

90 = R(MA,QOJ Xonline: Yonline)
Clear (XonlineJ Yonline)
End if
End while

[0040] As mentioned above, the confirmation by the user 30 is only optional.

[0041] An optional modification of the method is shown by the flowchart in fig. 3.
This accounts for the possibility that the user 30 e.g. performs some random
motion that leads to sensor data x and a first gesture G4 which are interpreted to
correspond to an action different from the neutral action a,, while the user 30 did
not intend to initiate any action at all. In such a case, a common scenario will be
that the correcting user input corresponds to undoing the first action a.. For
example, the first action a. could be "start a phone call", while the correcting user
input corresponds to "end the phone call". If such a correcting user input is
received within a relatively small reaction time T, this normally indicates that the
user 30 did not want to initiate a phone call in the first place. This can optionally be
confirmed by asking the user 30: "Did you not want to start a phone call?". Since
the user 30 actually did not want to initiate any action with the first gesture Gy, the
neutral action a, is stored together with the sensor data x.

[0042] A second embodiment of an online trainable system 1 is shown in fig. 4.
Here, the sensor system is a capacitive sensor 12 by which can be used to detect
a gesture by a foot of the user 30. The capacitive sensor 12 generates sensor data
X that can be received by a gesture recognition system 13. The gesture
recognition system 13, in turn, can send a command to a trunk opener 14.
Alternatively, the trunk opener 14 can be operated via a pushbutton 15. In this
embodiment, the gesture recognition system 13 only has to distinguish between
two actions, namely open/close and doing nothing, ie.
{ay, a,} = {do nothing, trigger trunk opening/closure}. Opening or closing can
be triggered by a kick-like movement. If the gesture recognition system 13

receives sensor data x, but is not confident about whether this was an intended
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kick-like movement, then M, , (x) = a,. If, however, the user 30 opens/closes the
trunk within a reaction time T (via manual opening/closing with the pushbutton 15
or re-kicking), e.g. 5 seconds after detecting x and interpreting it as corresponding
to ay, act(T,) = a,. Then, if E(ay,x) > cmin, the gesture sample(x, a,) is stored for
online training. Here E(a,,x) could be for instance derived from the confidence by

which a; has been rejected by M,, . That is if the machine learning algorithm

underlying M, o, assigns a certain probability to a, .
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A method for training a gesture recognition system (3, 13), comprising

- performing at least one sampling cycle, including:

and

receiving, from a sensor system (2, 12), sensor data (x) representing a
first gesture (G1) by a user (30) and at least temporarily storing the
sensor data (x),

based on a mapping relation, interpreting the first gesture (G1) as
corresponding to a first action (ax) to be performed, which first action
(ax) is selected from a predefined action set (S),

performing the first action (ax), and

if, within a predefined reaction time (T) after beginning to perform the
first action (ax), a correcting user input is received indicating that the
first gesture (G1) corresponds to a different, second action (ay) from the
action set (S), storing the second action (ay) together with the sensor
data (x) as a gesture sample, wherein after receiving the sensor data
(x), a score (c) indicating a degree of correspondence between the first
gesture (G1) and the second action (ay) is calculated, and the gesture
sample is only stored if the score (c) is above a predefined threshold

(cmin)

- after storing at least one gesture sample, adapting the mapping relation

based on at least one stored gesture sample.

2. A method according to claim 1, characterised in that the score (c) is calculated

3.

4.

based on at least one criterion of the mapping relation.

A method according to claim any of the preceding claims, characterised in that

if, within the reaction time (T), a correcting user input is received

corresponding to the second action (ay), the second action (ay) is stored

together with the sensor data (x) as the gesture sample.

A method according to any of the preceding claims, characterised in that the

action set (S) includes a neutral action (ao), corresponding to inactivity.
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5.

10.

11.

12.

19

A method according to claim 3, characterised in that if within the reaction time
(T), a correcting user input is received corresponding to undoing the first
action (ax), the neutral action (ao) is stored together with the sensor data (x) as

the gesture sample.

A method according to any of the preceding claims, characterised in that
before storing the gesture sample, the user (30) is asked to confirm that the
first gesture (G+) does not correspond to the first action (a.).

A method according to any of the preceding claims, characterised in that
before storing the gesture sample, the user (30) is asked to confirm that the
first gesture (G+) corresponds to the second action (ay).

A method according to any of the preceding claims, characterised in that the
correcting user input is sensor data representing a second gesture (Gy)
received from the sensor system (2, 12).

A method according to any of claims 1 to 7, characterised in that the correcting
user input is received from an input device (5, 15) independent of the sensor
system (2, 12).

A method according to any of the preceding claims, characterised in that after

adapting the mapping relation, at least one stored gesture sample is deleted.

A method according to any of the preceding claims, characterised in that the
mapping relation is adapted when a predefined number (N) of gesture
samples have been stored.

An online trainable system (1) comprising a gesture recognition system (3, 13),
a sensor system (2, 12) and an active system (4, 14), which system (1) is
configured to perform at least one sampling cycle, including:

- receiving sensor data (x) representing a first gesture (G+) by a user (30)
from the sensor system (2, 12) and at least temporarily storing the sensor
data (x),

- based on a mapping relation, interpreting the first gesture (Gq1) as
corresponding to a first action (ax) to be performed by the active system (4,
14), which first action (ax) is selected from a predefined action set (S),

- the active system (4, 14) performing the first action (ax), and
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if, within a predefined reaction time (T) after beginning to perform the first
action (ax), a correcting user input is received indicating that the first
gesture (G4) corresponds to a different, second action (ay) from the action
set (S), storing the second action (ay) together with the sensor data (x) as a
5 gesture sample, wherein after receiving the sensor data (x), a score (c)
indicating a degree of correspondence between the first gesture (G4) and
the second action (ay) is calculated, and the gesture sample is only stored if
the score (c) is above a predefined threshold (cimin)
and, after storing at least one gesture sample, adapt the mapping relation

10 based on at least one stored gesture sample.
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