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(57) ABSTRACT 

The invention relates to a measuring device for detecting a 
hitting movement of a hitting implement. The measuring 
device comprises at least one two-dimensional acceleration 
sensor for detecting a two-dimensional acceleration vector ( 

& ). The measuring device comprises at least one one 
dimensional acceleration sensor for detecting a one-dimen 
sional acceleration vector (i. ). In addition, the measuring 
device comprises a first rotation angle sensor for detecting a 
first rotation angle of the two-dimensional acceleration vector 
(; ) about a Z-axis. 
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MEASURING DEVICE FOR DETECTINGA 
HTTING MOVEMENT OF A HTTING 
IMPLEMENT, TRAINING DEVICE, AND 
METHOD FORTRAINING AHITTING 

MOVEMENT 

0001. The invention relates to a measuring device for 
detecting a hitting movement of a hitting implement accord 
ing to the preamble of Claim 1, a training device for training 
a hitting movement of a hitting implement according to the 
preamble of Claim 20, and a method for training a hitting 
movement of a hitting implement on a distinguished Swing 
path according to the preamble of Claim 27. 
0002. A measuring device of the type mentioned above, 
serving for determining a hitting movement, comprises at 
least one two-dimensional acceleration sensor for detecting a 
two-dimensional acceleration vector, at least one one-dimen 
sional acceleration sensor for detecting a one-dimensional 
acceleration vector, wherein the at least one one-dimensional 
acceleration vector is arranged with respect to the at least one 
two-dimensional acceleration sensor in Such a way that the 
detected one-dimensional acceleration vector runs Substan 
tially orthogonally with respect to the two-dimensional accel 
eration vector detected by the at least one two-dimensional 
acceleration sensor, and a first rotation angle sensor for 
detecting a rotation angle of the two-dimensional accelera 
tion vector about a Z-axis, wherein the first rotation angle 
sensor is arranged with respect to the at least one two-dimen 
sional acceleration sensor in Such a way that the Z-axis 
extends substantially orthogonally with respect to the two 
dimensional acceleration vector. For sports involving hitting 
a ball with a hitting implement, such as e.g. golf, baseball, 
tennis or ice hockey, as is known it is advantageous to guide 
the hitting implement on a distinguished Swing path during 
the hitting movement. Otherwise, considerable deviations 
from the intended trajectory of the ball can occur. Guiding the 
hitting implement on a distinguished path can be learned and 
trained. This necessitates identifying the distinguished Swing 
path and ascertaining the deviation of the hitting implement 
from said distinguished Swing path. 
0003. DE 10 2006 008 333 B4 discloses a measuring 
device of the type described in the introduction. Said measur 
ing device determines the data relevant to training a hitting 
movement predominantly by means of the acceleration sen 
sors. However, the starting point of a hit cannot always be 
determined unambiguously from the data obtained by the 
acceleration sensors. This entails the consequence that data 
dependent on the starting point of the hit, Such as e.g. the 
hitting Velocity or the point in time of the greatest accelera 
tion, may also be erroneous. A further problem, for example 
in golf, is that a sensor which is sensitive to putting exceeds its 
range in the case of a Swing at higher Velocity. Accordingly, 
the measuring device from the prior art is not suitable both for 
putting and for Swings at higher velocity. 
0004. The invention addresses the problem of specifying a 
measuring device having increased precision. 
0005. This problem is solved by the features of Claim 1. 
0006 Accordingly, the measuring device comprises a sec 
ond rotation angle sensor for detecting a second rotation 
angle of the one-dimensional acceleration vector about a 
y-axis, wherein the second rotation angle sensor is arranged 
with respect to the at least one one-dimensional acceleration 
sensor in Such a way that the y-axis extends Substantially 
perpendicularly to the one-dimensional acceleration vector. 
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This measuring device, for example when used for golf can 
detect Swings at higher Velocity and likewise putting move 
mentS. 

0007. The rotation angle sensors can generally be means 
for detecting the angular Velocity. Such means are gyroscope 
sensors, for example. The gyroscope sensors are advanta 
geously embodied as microelectromechanical systems, so 
called MEMS. For specific applications, mechanical gyro 
Scope sensors can also be used. For the sake of simplicity, the 
two rotation angle sensors can be structurally identical. Fur 
thermore, the two rotation angle sensors can be integrated in 
one component. Since they are provided for measuring two 
rotation angles about two axes that run Substantially orthogo 
nally with respect to one another, the two rotation angle 
sensors are are arranged Substantially orthogonally with 
respect to one another. The rotation angle sensors are Suitable 
for resolving movements of a duration of a few milliseconds. 
If gyroscope sensors are used as rotation angle sensors, then 
preferably those having a measurement range of 50 to 2000/ 
s, in particular of 400 to 800°/s, particularly preferably of 550 
to 650°/s, should be chosen. 
0008. In accordance with one embodiment, the measuring 
device comprises at least one two-dimensional acceleration 
sensor and two one-dimensional acceleration sensors. In 
accordance with a further embodiment, the measuring device 
comprises two two-dimensional acceleration sensors and two 
one-dimensional acceleration sensors. The two two-dimen 
sional acceleration sensors and the two one-dimensional 
acceleration sensors are preferably sensitive in different mea 
Surement ranges in each case. Accordingly, one two-dimen 
sional acceleration sensor and one one-dimensional accelera 
tion sensor can be designed and provided for measurements 
of slow hits in a measurement range of 0 to 15 g, in particular 
of 0 to 10 g. By contrast, the other two-dimensional accelera 
tion sensor and the other one-dimensional acceleration sensor 
can be designed and provided for measurements of fast hits in 
a measurement range of 5 to 250 g, in particular of 15 to 100 
9. 
0009. In accordance with one embodiment, the measuring 
device comprises two two-dimensional acceleration sensors 
for detecting a two-dimensional acceleration vector, two one 
dimensional acceleration sensors for detecting a one-dimen 
sional acceleration vector, wherein the one-dimensional 
acceleration sensors are arranged with respect to the two 
dimensional acceleration sensors in Such a way that the 
detected one-dimensional acceleration vector runs substan 
tially orthogonally with respect to the two-dimensional accel 
eration vector detected by the two-dimensional acceleration 
sensors, a first rotation angle sensor for detecting a first rota 
tion angle of the two-dimensional acceleration vector about a 
Z-axis, wherein the first rotation angle sensor is arranged with 
respect to the two-dimensional acceleration sensors in Such a 
way that the Z-axis extends substantially orthogonally with 
respect to the two-dimensional acceleration vector, and a 
second rotation angle sensor for detecting a second rotation 
angle of the one-dimensional acceleration vector about a 
y-axis, wherein the second rotation angle sensor is arranged 
with respect to the one-dimensional acceleration sensors in 
Such a way that the y-axis extends Substantially perpendicu 
larly to the one-dimensional acceleration vector. In accor 
dance with this embodiment, the two-dimensional accelera 
tion sensors are sensitive in different measurement ranges in 
each case. In addition, the one-dimensional acceleration sen 
sors are sensitive in different measurement ranges in each 
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case. In particular, the two-dimensional acceleration sensors 
and/or the one-dimensional acceleration sensors are designed 
to carry out measurement simultaneously in each case. 
0010 Alternatively, the measuring device can also com 
prise only respectively one two-dimensional acceleration 
sensor and one-dimensional acceleration sensor. In order nev 
ertheless to be able to detect both fast hits and slow hits by 
means of one measuring device, an amplifier can be provided 
for each sensor. Suitable amplifiers are, for example, continu 
ously variable amplifiers which amplify by a factor of 1 to 16. 
0011. The sensors for measuring the acceleration and the 
rotation angles of the hitting implement can be embodied as 
microelectromechanical systems, so-called MEMS. MEMS 
have the advantage that, firstly, they can be produced cost 
effectively and, secondly, they have a low energy consump 
tion. In addition, they usually have a higher reliability than 
conventional systems. 
0012. In order to be able to analyze the temporal profile of 
a hit, it is expedient additionally to provide a means for time 
measurement. Consequently, a point in time can be assigned 
to each measurement point of the acceleration and rotation 
angle sensors and the hit can be analyzed in a temporally 
resolved manner. 
0013. In accordance with one embodiment, the measuring 
device comprises computing means, which are provided for 
processing the raw data determined by the acceleration sen 
sors and rotation angle sensors and for providing conditioned 
data. The conditioned data are data which the user can use 
directly for assessing the quality of his/her hitting movement. 
Such conditioned data are, for example, the orientation of the 
hitting implement, the maximum acceleration, the duration of 
the individual phases of the hit, and the force distribution 
and/or accelerations during the individual phases and the 
Swing path. From these conditioned data, it is possible to 
derive further data such as, for example, the point in time of 
the highest velocity of the hitting implement and therefrom 
the location and/or the angle at the point in time of the highest 
velocity. 
0014. The computing means can additionally have an 
interface in order to transmit the raw data and/or the condi 
tioned data to external data processing systems. Alternatively, 
the sensors can also have an interface of this type. In this case, 
it is possible to dispense with a computing means as part of 
the measuring device and the data can be processed directly 
on external data processing systems. 
0015 Since it is often unnecessary for the totality of all the 
conditioned data to be provided, an operating element can be 
provided, with which a user can select which conditioned data 
are generated by the computing means. As a result, comput 
ing time can be saved, such that the conditioned data are 
available more rapidly. Moreover, the desired conditioned 
data are more easily evident to the user. 
0016. As mentioned in the introduction, the measuring 
device is intended to serve to train the movement of a hitting 
implement on a distinguished Swing path. Deviations from 
this swing path can have the effect that the ball misses its 
target. Therefore, it is of particular interest whether the hitting 
movement deviates from the distinguished Swing path, and if 
So when and to what extent. For this purpose, it is necessary 
for the measurement data to be processed and evaluated by the 
computing means in real time. Furthermore, the computing 
means can be provided for comparing the raw data deter 
mined by the acceleration sensors and rotation angle sensors 
and/or the conditioned data with corresponding reference 
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data that correspond to the distinguished Swing path. In order 
to inform the user about the occurrence of the deviation as 
early as at the moment when said deviation occurs, the mea 
Suring device can comprise a signal generator. The latter 
Supplies the user with a signal, for example, as soon as a 
deviation is measured. Alternatively, a signal can be gener 
ated by the signal generator only if the difference (deviation) 
between the raw data and/or the conditioned data exceeds a 
defined limit value. Moreover, the intensity of the signal can 
correlate with the magnitude of the deviation. The signal can 
be acoustic, optical and/or mechanical. 
0017 Advantageously, all sensors and, if present, also the 
means for time measurement, the computing means and the 
signal generator are accommodated in a housing. A securing 
means is provided on the housing in order to secure the 
measuring device releasably on a hitting implement. Simple 
handling of the measuring device is made possible as a result. 
Alternatively, the measuring device can also be secured non 
releasably on the hitting implement. By way of example, the 
measuring device can be arranged in a cavity of the hitting 
implement. In accordance with a further alternative, the 
securing means can be embodied Such that it enables the 
measuring device to be secured indirectly or directly on a 
body of a user of the measuring device. In particular, the 
securing means can be provided for securing the measuring 
device on a hand or in the vicinity of a wrist, such that the 
hitting movement of the hitting implement can be detected via 
the movement of the hand holding the hitting implement. By 
Way of example, the Securing means can be a glove or a 
wristband. 

0018. A training device for training a hitting movement of 
a hitting implement is specified in Claim 20. In accordance 
with one specific configuration, the training device comprises 
a hitting implement, with which a user trains the hitting 
movement, and at least one measuring device for detecting 
the hitting movement of the hitting implement. The hitting 
implement defines a hitting implement axis. The measuring 
device is secured releasably on the hitting implement. The 
measuring device comprises at least one two-dimensional 
acceleration sensor for detecting a two-dimensional accelera 
tion vector. In addition, the measuring device comprises at 
least one one-dimensional acceleration sensor for detecting a 
one-dimensional acceleration vector, wherein the at least one 
one-dimensional acceleration sensor is arranged with respect 
to the at least one two-dimensional acceleration sensor in 
Such a way that the detected one-dimensional acceleration 
vector runs Substantially orthogonally with respect to the 
two-dimensional acceleration vector detected by the at least 
one two-dimensional acceleration sensor. Furthermore, the 
measuring device comprises a first rotation angle sensor for 
detecting a first rotation angle of the two-dimensional accel 
eration vector about a Z-axis, wherein the first rotation angle 
sensor is arranged with respect to the at least one two-dimen 
sional acceleration sensor in Such a way that the Z-axis 
extends substantially orthogonally with respect to the two 
dimensional acceleration vector. The training device is dis 
tinguished by the fact that the measuring device comprises a 
second rotation angle sensor for detecting a second rotation 
angle of the one-dimensional acceleration vector about a 
y-axis, wherein the second rotation angle sensor is arranged 
with respect to the at least one one-dimensional acceleration 
sensor in Such a way that the axis extends Substantially 
orthogonally with respect to the one-dimensional accelera 
tion vector. 
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0019. There are diverse possibilities for aligning the mea 
Suring device on the hitting implement, since the sensors in 
their entirety are not spherically symmetrical. In one advan 
tageous configuration, the measuring device can be oriented 
in relation to the hitting implement axis in Such a way that the 
two-dimensional acceleration sensor detects a two-dimen 
sional acceleration vector of the hitting implement which 
runs orthogonally with respect to the hitting implement axis, 
that the one-dimensional acceleration sensor detects a one 
dimensional acceleration vector of the hitting implement 
which runs parallel to the hitting implement axis, that the first 
rotation angle sensor detects a first rotation angle of the hit 
ting implement about the hitting implement axis, and that the 
second rotation angle sensor detects a second rotation angle 
of the hitting implement about the y-axis, which extends 
Substantially perpendicularly to the hitting implement axis. 
0020. In accordance with one particularly advantageous 
embodiment, the training device comprises at least one body 
sensor besides the measuring device secured on the hitting 
implement. The at least one body sensor is a sensor provided 
for measuring the movement of a body or of a body part of a 
user of the training device. For this purpose, the at least one 
body sensor can be secured indirectly or directly on at least 
one location of the body of the user. The body sensor can 
comprise at least one acceleration sensor, at least one rotation 
angle sensor or a combination of at least one acceleration 
sensor and at least one rotation angle sensor. The measure 
ment of the at least one body sensor is advantageously 
effected simultaneously with the measurement of the measur 
ing device. This embodiment makes it possible, during a hit, 
to detect simultaneously the movement of the hitting imple 
ment (by means of the measuring device) and the movement 
of the body or of a body part (by means of the at least one body 
sensor). 
0021. The training device can advantageously have com 
puting means provided for comparing a measurement signal 
of the at least one body sensor with a corresponding reference 
signal. This computing means can be the above-described 
computing means of the measuring device or an additional 
computing means. Since, moreover, the computing means of 
the measuring device can be suitable for comparing the raw 
data and/or reference data of the acceleration sensors and 
rotation angle sensors of the measuring device with corre 
sponding reference signals, the computing means can deter 
mine, both for the hitting implement and for the body or a 
body part, a deviation of the measured movement (position) 
from a reference movement (reference position), which cor 
responds for example to the ideal movement (position). Since 
the measuring device and the at least one body sensor perform 
measurement simultaneously, a deviation of the movement of 
the hitting implement from a reference signal can be assigned 
the body (part) posture or the body (part) movement or the 
deviation thereoffrom a corresponding reference signal at the 
point in time of the deviation of the movement of the hitting 
implement. 
0022. In order to inform the user of a determined deviation 
of the body (part) posture or of the body (part) movement, a 
signal generator can be provided. The signal generator can be 
the above-described signal generator of the measuring device 
or an additional signal generator. Accordingly, it is advanta 
geously possible to indicate to a user that, firstly, the Swing 
path of the hitting implement deviates from the distinguished 
Swing path and, if appropriate, what deviation of the body 
(part) posture or of the body (part) movement was present at 
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the point in time of the deviation of the movement of the 
hitting implement. The user can thus identify the body (part) 
posture or body (part) movement causing the deviation of the 
hitting implement from the distinguished Swing path and can 
correct it in order to improve the hitting movement of the 
hitting implement. 
0023 The signal generator can output an acoustic, optical 
or mechanical signal. The acoustic signal can be, in particular, 
a spoken announcement describing the deviating (erroneous) 
posture or movement of the body or of a body part and of the 
hitting implement. The optical signal can be, in particular, a 
graphical representation of the deviating (erroneous) posture 
or movement of the body or of a body part and of the hitting 
implement, which is depicted in comparison with that posture 
or movement of the body or of a body part and of the hitting 
implement which corresponds to the reference signal. The 
body can be represented as an avatar, for example. The 
graphical representation can depict the events without a tem 
poral delay, such that a user can identify a deviation at the 
moment when it occurs. Alternatively, the optical signal can 
be output after the performance of a hit in a sequence of 
images which together depict the course of the entire hitting 
movement. The mechanical signal can be, in particular, a 
vibration signal. 
0024. In accordance with one embodiment, the measuring 
device of the training device is a measuring device in accor 
dance with one or more embodiments of the invention. 
0025. A method for training a hitting movement of a hit 
ting implement on a distinguished Swing path by means of a 
training device is specified in Claim 27. Advantageous devel 
opments of the method are evident from the claims dependent 
thereon. 

0026. In accordance with one specific configuration of the 
method, provision can be made, in particular, for the training 
device used for the method to comprise a hitting implement 
and at least one measuring device for detecting the hitting 
movement of the hitting implement, said at least one measur 
ing device being secured on the hitting implement, wherein 
the training device is a training device according to one of the 
embodiments of the invention. When the training device is 
used as intended, the second rotation angle sensor detects a 
second rotation angle of the hitting implement about the 
y-axis, which extends Substantially perpendicularly to the 
distinguished Swing path. 
0027. The method can serve, for example, for comparing a 
measured Swing path with an ideal reference Swing path. For 
this purpose, the sensors of the measuring device determine 
raw data, which the computing means of the measuring 
device converts into conditioned data. Conditioned data are 
taken to mean the conditioned data mentioned by way of 
example further above. Accordingly, the orientation of the 
hitting implement, the maximum acceleration, the duration of 
the individual phases of the hit, the force distribution and/or 
accelerations during the individual phases and the Swing path 
can be involved. Furthermore, it is possible to determine the 
maximum velocity of the head of the hitting implement and 
the position of the head of the hitting implement at the point 
in time of the highest velocity relative to the point in time of 
hitting the ball. The conditioned data are subsequently com 
pared with reference data, and the difference is determined. 
Advantageously, a signal generator generates a signal if the 
difference between the conditioned data and the reference 
data exceeds a defined limit value. The signal is generated at 
the moment when the deviation from the reference data is 
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present. In this case, the strength of the signal can correlate 
with the magnitude of the difference. The user is thus 
informed of the deviation at the moment when the deviation 
occurs. That is to say that said user knows from the situation 
at what points the hitting movement is not ideal. Accordingly, 
it is not necessary for said user, after the hit, to identify the 
corresponding moment on the basis of the conditioned data 
or, something which is even more difficult, to find the calcu 
lated point in time in the actual movement sequence. 
0028. The data can also be evaluated after a hit in terms of 
the temporal relationship in order to determine additional or 
more precise parameters. Examples thereof include precisely 
reading the position of the start of the Swing from Smoothed 
measurement data or determining the rhythm of the Swing 
from the total amount of data between the start of the swing 
and hitting the ball (impact). 
0029. The invention will be described in detail below on 
the basis of exemplary embodiments in conjunction with the 
drawings. 
0030. In the figures: 
0031 FIG. 1 shows a schematic illustration of a measuring 
device in accordance with one embodiment of the invention 
for detecting a hitting movement of a hitting implement; 
0032 FIG. 2 shows a schematic illustration of a training 
device comprising the measuring device from FIG. 1 in the 
state incorporated as intended; 
0033 FIG.3 shows the training device from FIG. 2 illus 
trated from a different perspective: 
0034 FIG. 4 shows a schematic illustration of measure 
ment signals in the X-direction of two-dimensional accelera 
tion sensors of the measuring device from FIG. 1 as a function 
of time; 
0035 FIG. 5 shows a schematic illustration of measure 
ment signals in the y-direction of the two-dimensional accel 
eration sensors from FIG. 4 as a function of time; 
0.036 FIG. 6 shows a schematic illustration of measure 
ment signals in the Z-direction of one-dimensional accelera 
tion sensors of the measuring device from FIG. 1 as a function 
of time; 
0037 FIG. 7 shows a schematic illustration of a measure 
ment signal of a first rotation angle sensor of the measuring 
device from FIG. 1 as a function of time; 
0038 FIG. 8 shows a schematic illustration of a measure 
ment signal of a second rotation angle sensor of the measuring 
device from FIG. 1 as a function of time; 
0039 FIG. 9 shows a schematic illustration of possible 
positions of a body sensor as part of a training device com 
prising the measuring device from FIG. 1 and at least one 
body sensor; and 
0040 FIG. 10 shows a schematic illustration of the mea 
Surement signal of the measuring device from FIG. 1 in com 
bination with the measurement signal of the body sensor from 
FIG. 9 in comparison with a reference signal in each case. 
0041. The measurement signals illustrated in FIGS. 4 to 8 
were measured simultaneously by the different sensors. 
0042 FIG. 1 schematically illustrates a measuring device 
2 in accordance with one embodiment of the invention. The 
measuring device 2 is provided for measuring movements of 
a hitting implement 4 which hits a ball, designated hereinafter 
as hitting movements. A hitting movement is Subdivided into 
the following sections: start of the Swing (a), backSwing (b). 
forward Swing (c) and hitting the ball (d). The measuring 
device 2 measures the hitting movements in a temporally 
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resolved manner, such that the relevant time period between 
the start of the swing (a) and hitting the ball (d) can be 
evaluated. 

0043. The measuring device 2 is suitable, for example, for 
measuring hitting movements in golf, baseball, tennis and ice 
hockey. In the exemplary embodiment (FIGS. 2 and 3), the 
measuring device 2 serves for measuring hitting movements 
with a hitting implement 4 in the form of a golf club. 
0044. In the exemplary embodiment, the measuring 
device 2 comprises two two-dimensional acceleration sen 
sors 6a, 6b for detecting a two-dimensional acceleration vec 

tor is and two one-dimensional acceleration sensors 8a, 8b 
for detecting a one-dimensional acceleration vector is . In 
this case, the one-dimensional acceleration sensors 8a, 8b are 
arranged with respect to the two-dimensional acceleration 
sensors 6a, 6b in Such a way that the one-dimensional accel 
eration vector i runs Substantially orthogonally with 

respect to the two-dimensional acceleration vector it . 
Besides the acceleration sensors 6a, 6b, 8a, 8b, the measuring 
device 2 comprises a first rotation angle sensor 10 for detect 
ing a first rotation angle 0. In this case, the first rotation angle 
sensor 10 is arranged with respect to the two-dimensional 
acceleration sensors 6a, 6b in Such away that the first rotation 
angle 0 corresponds to the rotation angle of the two-dimen 
sional acceleration vector i. about an axis Z extending 
Substantially orthogonally with respect to the two-dimen 
sional acceleration vector ... In addition, the measuring 
device 2 comprises a second rotation angle sensor 12 for 
detecting a second rotation angle (p. In this case, the second 
rotation angle sensor 12 is is arranged with respect to the 
one-dimensional acceleration sensors 8a, 8b in Such a way 
that the second rotation angle p corresponds to the rotation 

angle of the one-dimensional acceleration vector about a 
y-axis extending Substantially perpendicularly to the one 

: dimensional acceleration vector i. The second rotation 
angle (p is accordingly the rotation angle in the Swing plane. 
0045. The two-dimensional acceleration sensors 6a, 6b 
operate in two different, partly overlapping measurement 
ranges. In this case, the measurement range of one two 
dimensional acceleration sensor 6a extends from 5 to 250 g 
and is suitable particularly for fast hits. In this case, the 
measurement range of the other two-dimensional accelera 
tion sensor 6b extends typically from 0 to 15 g and is suitable 
particularly for slow hits. 
0046. The two-dimensional acceleration sensors 6a, 6b 
can be constructed from in each case two one-dimensional 
acceleration sensors. These one-dimensional acceleration 
sensors of a two-dimensional acceleration sensor 6a, 6b can 
be structurally identical with regard to the measurement 
range. For specific applications it may also be advantageous 
to choose different measurement ranges for these one-dimen 
sional acceleration sensors. Furthermore, the one-dimen 
sional acceleration sensors of the two-dimensional accelera 
tion sensor 6a can be structurally identical to the one 
dimensional acceleration sensor 8a and the one-dimensional 
acceleration sensors of the two-dimensional acceleration sen 
sor 6b can be structurally identical to the one-dimensional 
acceleration sensor 8b. Alternatively, the one-dimensional 
acceleration sensors can also be embodied differently. The 
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two-dimensional acceleration sensors 6a, 6b are advanta 
geously accommodated in one component. 
0047. The rotation angle sensors 10, 12 are means for 
detecting the angular Velocity. In accordance with one 
embodiment, the rotation angle sensors 10, 12 are gyroscope 
sensors. The rotation angle sensors 10, 12 are arranged 
orthogonally with respect to one another in order to measure 
the rotation angles 0 and (p. The rotation angle sensors 10, 12 
operate in a measurement range of 50 to 2000°/s. 
0048. In the exemplary embodiment, the acceleration sen 
sors 6a, 6b, 8a, 8b and the rotation angle sensors 10, 12 are 
microelectromechanical systems, generally known as 
MEMS. 

0049. The measuring device 2 furthermore comprises a 
means 14 for time measurement. The means 14 for time 
measurement measures the time in parallel with the accelera 
tion sensors 6a, 6b, 8a, 8b and the rotation angle sensors 10, 
12 in order to be able to assign a point in time to each 
measurement value detected by the acceleration sensors 6a, 
6b, 8a, 8b and the rotation angle sensors 10, 12. 
0050. A computing means 16 is provided for receiving and 
evaluating the raw data Supplied by the acceleration sensors 
6a, 6b, 8a, 8b, the rotation angle sensors 10, 12 and the means 
14 for time measurement. On the basis of the raw data deter 
mined and on the basis of physical models, the computing 
means 16 calculates in a time-dependent manner the position 
of the hitting implement in space, and also its orientation and 
Velocity in the course of the hit. The calculated values can be 
compared with reference data. The functioning of the com 
puting means 16 will be illustrated in detail further below in 
connection with the description of a method for training a 
hitting movement, in which the measuring device 2 is used. 
0051. The computing means 16 comprises a memory and 
a processor. The memory stores programs which serve for 
evaluating the raw data Supplied by the acceleration sensors 
6a, 6b, 8a, 8b, the rotation angle sensors 10, 12 and the means 
14 for time measurement. In addition, the memory stores a 
multiplicity of reference data which correspond to ideal 
Swing sequences and serve for comparison with measured 
hitting movements. The computing means 16 is accessible 
externally via an interface 18. Consequently, firstly, the raw 
data supplied by the acceleration sensors 6a, 6b, 8a, 8b, the 
rotation angle sensors 10, 12 and the means 14 for time 
measurement, and/or the data evaluated by the computing 
means 16 can be transmitted by the computing means 16 to 
external data processing systems. Secondly, the interface also 
enables the programs and/or reference data to be updated 
and/or replaced. The interface 18 is, for example, a USB 
connection, a Bluetooth interface, an infrared interface or 
some other customary wireless or wired interface. Preferably, 
the interface is a Bluetooth interface in order to be able 
thereby to establish a link to smartphones as external data 
processing Systems. 
0052. The measuring device 2 furthermore has an operat 
ing element 20, with which a user can select which program 
(s) is/are to be executed by the computing means 16. In 
addition, a user can select, by means of the operating element 
20, a reference data set with which the hitting movements that 
are Subsequently to be measured are to be compared. 
0053. The acceleration sensors 6a, 6b, 8a, 8b, the rotation 
angle sensors 10, 12, the means 14 for time measurement and 
the computing means 16 are arranged in a compact housing 

Dec. 3, 2015 

22. The housing 22 has a securing means 24, by means of 
which the measuring device 2 can be secured releasably on 
the hitting implement 4. 
0054 The measuring device 2 furthermore has a signal 
generator 26. The signal generator 26 is fitted to the housing 
22 on the outside, for example. Alternatively, the signal gen 
erator 26 can also be accommodated in the housing 22. The 
signal generator 26 outputs acoustic and/or optical signals. 
For specific applications, the signal can also be a vibration 
signal. Signals are output by the signal generator 26 if the 
difference between the values calculated by the computing 
means 16 and the reference data exceeds a limit value. In this 
case, the limit value can be defined by the user. 
0055 FIGS. 2 and 3 illustrate a training device 30 inaccor 
dance with one embodiment of the invention from two differ 
ent perspectives. The training device 30 is suitable for train 
ing a hitting movement of a hitting implement 4. For the sake 
of better illustration, FIGS. 2 and 3 show the training device 
30 together with a user. The Swing path extends perpendicu 
larly to the plane of the drawing in FIG. 2, and parallel to the 
plane of the drawing in FIG. 3. 
0056. The training device 30 comprises the measuring 
device 2 already described and a hitting implement 4, with 
which a hitting movement is intended to be trained. The 
hitting implement extends along a hitting implement axis A. 
The measuring device 2 is secured on the hitting implement 4. 
Preferably, the measuring device 2 is secured on the hitting 
implement 4 via the securing means 24. In the exemplary 
embodiment, the hitting implement 4 is a golf club. However, 
as described in the introduction, the hitting implement can 
also be a hitting implement used for other ball sports. 
0057. In this case, the measuring device 2 is secured on the 
hitting implement 4 in Such a way that the two-dimensional 
acceleration vector a detected by the two-dimensional 
acceleration sensors 6a, 6b runs orthogonally with respect to 
the hitting implement axis A. From the above-described rela 
tive arrangement of the two-dimensional acceleration sensors 
6a, 6b, of the one-dimensional acceleration sensors 8a, 8b, of 
the first rotation angle sensor 10 and of the second rotation 
angle sensor 12 with respect to one another and from the 
relative arrangement of the hitting implement 4 and of the 
two-dimensional acceleration sensors 6a, 6b, the following 
relationships arise: the one-dimensional acceleration vector 
a detected by the one-dimensional acceleration sensors 8a, 
8b runs parallel to the hitting implement axis A. The first 
rotation angle 0, which is detected by the first rotation angle 
sensor 10, corresponds to the rotation angle of the hitting 
implement 4 about the hitting implement axis A. The second 
rotation angle (p, which is detected by the second rotation 
angle sensor 12, corresponds to the rotation angle of the 
hitting implement 4 about a y-axis, which extends Substan 
tially perpendicularly to the hitting implement axis A. 
0058. In order to be able to use the training device 30 for 
training a hitting movement on a distinguished Swing path, 
the measuring device 2 is to be arranged with respect to the 
hitting implement axis A in Sucha way that, when the training 
device 30 is used as intended, the y-axis, about which the 
second rotation angle (p rotates, extends Substantially 
orthogonally with respect to the distinguished Swing path. 
0059. The method fortraining a hitting movement with the 
hitting implement 4 on a distinguished Swing pathis based on 
the fact that the acceleration sensors 6a, 6b, 8a, 8b, the rota 
tion angle sensors 10, 12 and the means for time measurement 
14 determine raw data which are transmitted to the computing 
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means 16 and are processed by the computing means 16, 
which converts the raw data into conditioned data Such as, for 
example, the orientation, maximum acceleration, duration of 
individual phases of the hitting movement, force distributions 
and accelerations during the individual phases and Swing 
path. These steps are carried out in real time. Such that the 
conditioned data are available to the user directly during 
hitting. 
0060 Since a user who trains a specific movement cannot 
necessarily read errors solely from the conditioned data of 
said user's hitting movement, the method provides for com 
paring the conditioned data with reference data and for deter 
mining the difference between the conditioned data and the 
reference data. For this purpose, a multiplicity of reference 
data are available to the user, from which said user can select, 
by means of the operating element 20, the reference data 
corresponding to the hitting movement which said user would 
like to train. If a difference between the measured hitting 
movement and the selected reference data is ascertained, a 
signal is generated by the signal generator 26. In this case, the 
strength of the signal varies with the magnitude of the differ 
ence. In the exemplary embodiment, the signal is an acoustic 
signal that becomes louder as the difference increases. 
0061 Professional players who do not necessarily rely on 
a comparison of the measured data with reference data can 
also access the conditioned data directly. A comparison with 
reference data does not take place in this case. 
0062. The conditioned data and the difference between 
them and the reference data are determined in real time, that 
is to say during hitting. Consequently, the user instanta 
neously identifies which phases of the Swing movement are 
erroneous. In addition, all the data (raw data, conditioned 
data, difference data) can be transmitted to an external data 
processing system via the interface 18. This allows more 
extensive analyses of the hits after the hits have been per 
formed. By way of example, it is thus possible to determine 
how, upon multiple repetition of a specific type of hitting or in 
the long term over a number of training stages, the hitting 
quality has improved. 
0063 FIGS. 4 to 8 schematically illustrate, for a hit using 
a hitting implement 4 in the form of a golf club, the measure 
ment signals of the individual sensors 6a, 6b, 8a, 8b, 10, 12 as 
a function of time. In this case, the relevant phases of start of 
the Swing (a), backSwing (b), forward Swing (c) and hitting 
the ball (d) are indicated in each measurement signal. In this 
case, backSwing (b) should be understood to mean the phase 
between the start of the swing (a) and the moment of the 
highest position of the hitting implement. The forward Swing 
(c) is accordingly the phase between the moment of the high 
est position of the hitting implement and hitting the ball (d). 
The duration of a hit is typically between 600 and 1000 ms. 
depending on the player. The hit illustrated in FIGS. 4 to 8 has 
a length of approximately 1000 ms. The relative duration of 
backSwing and forward Swing is not depicted in a manner true 
to scale, but rather only schematically, in FIGS. 4 to 8. In 
general, the duration of the backSwing is approximately three 
times the duration of the forward Swing. 
0064 FIG. 4 shows how the magnitude of the acceleration 
vector as one component of the two-dimensional accel 

eration vector i. changes in the course of the hit. As can be 
discerned from FIG. 3, the acceleration vector i is directed 
perpendicularly to the hitting implement axis A and runs 
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Substantially parallel to the distinguished Swing path. Two 
graphs are illustrated in FIG. 4. The graph illustrated as a solid 
line corresponds to a measurement of one two-dimensional 
acceleration sensor 6a, which performs measurement in a 
range of 10 to 100g. The value of the acceleration i mea 
sured by the acceleration sensor 6a is read on the left-hand 
ordinate axis in FIG. 4. The measurement by the other two 
dimensional acceleration sensor 6b takes place in parallel 
(dashed line), this acceleration sensor performing measure 
ment in a range of 0 to 10g. The value of the acceleration i 
measured by the acceleration sensor 6b is read on the right 
hand ordinate axis in FIG. 4. While the backswing (b) is 
measured by the sensor 6b with a good resolution, the signal 
of this sensor 6b is saturated for the forward swing (c). Con 
versely, the backswing (b) is not sufficiently resolved by the 
sensor 6a, but the forward Swing (c) is mapped very well. 
Consequently, the sensor 6b should be used for the evaluation 
of the backswing (b) and the sensor 6a should be used for the 
evaluation of the forward Swing (c). The acceleration vector 

: 

& of the backswing (b) is negative and has a parabolic 
profile. The acceleration vector of the forward Swing (c) is 
positive and likewise has a parabolic profile having a peak at 
the moment of hitting the ball (d). 
0065 FIG. 5 shows how the magnitude of the acceleration 

Vector i as the other component of the two-dimensional 
acceleration vector i changes in the course of the hit. As 
can be discerned from FIG. 3, the acceleration vector is 
directed perpendicularly to the hitting implement axis A and 
runs substantially perpendicularly to the distinguished Swing 
path. In the case of an ideal hit, there is no acceleration in the 
y-direction, and the acceleration vector is therefore equal 
to zero during the entire hit. The profile of the acceleration 

Vector i. in FIG. 5 originates solely from the rotation of the 
hitting implement about the hitting implement axis A. Two 
graphs are illustrated in FIG. 5, too, analogously to FIG. 4. 
The amplitudes of the backswing (b) and of the forward Swing 
(c) are Substantially identical in magnitude and differ only in 
their sign. Since the amplitudes are generally rather Small, the 
sensor 6b is preferably used for evaluating the entire hit. 
0.066 One aim of training is to guide the hitting implement 
as much as possible in one plane, that is to say to minimize the 
excursion of the hitting implement from the plane. This aim 
can be trained by checking the profile of the acceleration 
Vector with the aid of the sensors 6a, 6b. 
0067 FIG. 6 shows the profile of the magnitude of the 
acceleration vector extending parallel to the hitting imple 
ment axis A. Two graphs are illustrated in FIG. 6, too, analo 
gously to FIG. 4. The graph illustrated as a solid line was 
measured by one one-dimensional acceleration sensor 8a and 
the graph illustrated as a dashed line was measured by the 
other one-dimensional acceleration sensor 8b. The respec 
tively associated ordinate axes are correspondingly indicated. 
The profile of the acceleration vector i of the forward Swing 
qualitatively corresponds to the profile of the acceleration 

Vector i. the forward Swing. The profile of the acceleration 
Vector of the backSwing also substantially corresponds to 
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the profile of the acceleration vector it. of the backSwing, 
except that the sign is now positive. For evaluating the mea 
surement of the acceleration vector i , the procedure analo 

gous to the procedure for the acceleration vector should 
be adopted. 

0068 Proceeding from the measurement values s 

and of the acceleration sensors 6a, 6b, 8a, 8b, it is possible 
to determine the response position, that is to say the position 
of the hitting implement 4 directly before the golf strike. 
0069 FIG. 7 shows how the first rotation angle 0 of the 
hitting implement 4 about the hitting implement axis A 
changes during hitting. The profile of the value of the first 
rotation angle 0 during hitting in this case corresponds to a 
parabola. Often, the first angle 0 at the start of the swing (a) is 
not identical to the first angle 0 when hitting the ball (d). That 
is to say that the head of the hitting implement changes its 
orientation during hitting on account of a rotation of the entire 
hitting implement 4 about the hitting implement axis A. The 
difference between the two angles yields the so-called open 
close value of the hitting implement 4. That is to say that the 
difference is a measure of whether the ball will deviate from 
the sought trajectory more likely towards the left or towards 
the right. Ideally, the head of the hitting implement is guided 
perpendicularly to the distinguished Swing path during hit 
ting. One aim of training is to minimize the difference 
between these two angles. This aim can be trained by check 
ing the profile of the first angle 0 with the aid of the first 
rotation angle sensor 10. 
0070. One problem that frequently occurs is so-called YIP. 
This is a spasm of the wrist, resulting in an uncontrolled 
rotation of the hitting implement 4 about the hitting imple 
ment axis A. The YIP is measured by the first rotation angle 
sensor 10. The movement takes place on a time scale of 
approximately 50 ms. In order to detect this, a resolution of 50 
to 5000 Hz, in particular of 500 to 2000 Hz, is required. The 
YIP is manifested as a hook-shaped deviation in the time 
dependent profile of the first angle 0 (see FIG. 7). Another aim 
of training is to reduce the YIP. This aim can be trained by 
checking the profile of the first angle 0 with the aid of the first 
rotation angle sensor 10. 
0071 FIG. 8 shows how the second rotation angle (p of the 
hitting implement 4 about the y-axis changes during hitting. 
The second rotation angle (p thus corresponds to the angle 
covered by the hitting implement 4 during hitting in the Swing 
plane. The temporal profile of the secondangle (p qualitatively 
corresponds to that of the first angle 0. In the case of the 
second angle 0, too, it can often be observed that the values at 
the start of the Swing (a) and when hitting the ball (d) differ. 
The so-called driving angle can be derived from the differ 
ence. The driving angle is the angle formed between the 
driving Surface of the head of the hitting implement and a 
vertical when hitting the ball (d). One aim of training, in the 
case of specific hits, is first to minimize the difference in 
driving angles between the position at the start of the Swing 
(a) and the position when hitting the ball (d). In the case of 
other hits, it may be of importance, rather, to reproduce the 
driving angle as precisely as possible. These aims can be 
trained by checking the profile of the second angle (p with the 
aid of the second rotation angle sensor 12. 
0072 Alternatively, the determination is also possible by 
means of the two-dimensional acceleration sensors 6a, 6b, in 
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which case the component in the x-direction (see FIG. 3), in 
particular, is of importance. However, the measurement accu 
racy that can be achieved by the second rotation angle sensor 
12 is higher than that of the acceleration sensors 6a, 6b, and so 
the measurement of the second rotation angle sensor 12 
should be preferred. 
0073. The two-dimensional acceleration sensors 6a, 6b 
together with the one-dimensional acceleration sensors 8a, 
8b and the first rotation angle sensor 10 supply the relevant 
data for determining the velocity and the acceleration of the 
hitting implement 4 in the form of a golf club along the Swing 
path during hitting. 
0074. A further important item of information is the tem 

: 

poral profile of the acceleration vector & (along the hitting 
implement axis). If more than one measurement range is 
recorded synchronously, both the slow accelerations of a 
putting movement and the high accelerations of a Swing can 
be detected without exceeding a range. From the temporal 
profile of the acceleration vector it is possible to deter 
mine the maximum velocity of the head of the hitting imple 
ment and the position of the head of the hitting implement at 
the point in time of the highest velocity relative to the point in 
time of hitting the ball (d). One typical aim of training is to 
achieve the effect that the point in time of the highest velocity 
and the point in time of hitting the ball (d) coincide. A further 
aim of training is to optimize the maximum velocity, that is to 
say for example to maximize it or train it to a target value. 
0075 FIG. 9 illustrates a further embodiment of the train 
ing device 30. The training device from FIG. 9 differs from 
that from FIGS. 2 and 3 in particular in that, in addition to the 
measuring device 2 serving for the measurement of the move 
ment of the hitting implement 4, provision is made of at least 
one body sensor 50a-50i suitable for detecting the movement 
of the body of the user of the training device 30 or of a body 
part of the user of the training device 30. Theat least one body 
sensor 50a-50i is provided for being secured directly or indi 
rectly on at least one location of the body of the user of the 
training device 30. The number of body sensors 50a-50i can 
be chosen by the user of the training device 30 depending on 
the training aim. FIG. 9 illustrates by way of example nine 
body sensors 50a-50i as dots, in order to illustrate suitable 
body locations where a respective body sensor 50a-50i can be 
fitted. Accordingly, a hand (body sensor 50a), a region in the 
vicinity of the wrist (body sensor 50b), an upper arm (body 
sensor 50c), the head (body sensor 50d), the back (body 
sensor 50e), the pelvis (body sensor 50f), a thigh (body sensor 
50g), a region in the vicinity of the ankle (malleolus) (body 
sensor 50h) and/or a foot (body sensor 50i) are suitable body 
locations for detecting the movement of the body or of a body 
part during hitting. The body sensors 50a, 50b and 50c are 
preferably fitted to the hand or the arm holding the hitting 
implement 4. What is common to all these positions is that 
they are preferably not provided directly on a joint. 
0076. The training device from FIG.9 comprises the mea 
suring device 2 described in the introduction, which in turn 
comprises a computing means and a signal generator. In the 
embodiment from FIG. 9, the computing means and the sig 
nal generator of the measuring device 2 serve, firstly, for 
processing and outputting the measurement data or the infor 
mation derived therefrom of the measuring device 2 and, 
secondly, for processing and outputting the measurement 
data or the information derived therefrom of the at least one 
body sensor 50a-50i. 
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0077 FIG. 10 illustrates by way of example an optical 
signal of the signal generator of the training device from FIG. 
9. The representation of a person by means of a dashed con 
tour line depicts the measurement data of the at least one body 
sensor 50a-50i, while the representation of a person by a solid 
contour line corresponds to a reference data set. Accordingly, 
the Swing path represented as a dashed line and the hitting 
implement 4 with a dashed contour line depict the measure 
ment data of the measuring device 2, while the Swing path 
represented as a Solid line and the hitting implement 4 with a 
solid contour line correspond to a reference data set. The 
reference data sets can correspond, in particular, to the pre 
ferred body posture or the distinguished Swing path. 
0078. The optical signal from FIG. 10 is displayed to the 
user after the hitting movement has been performed. Alterna 
tively, such a signal can be displayed during hitting, such that 
the user can identify at any point in time during hitting 
whether there is a deviation with respect to a preferred body 
posture and/or stance with the hitting implement. 

1-32. (canceled) 
33. Measuring device for detecting a hitting movement of 

a hitting implement, comprising: 
at least one two-dimensional acceleration sensor for 

: 

detecting a two-dimensional acceleration vector (i. y). 
at least one one-dimensional acceleration sensor for detect 

ing a one-dimensional acceleration vector (i. 2), 
wherein the at least one one-dimensional acceleration 
sensor is arranged with respect to the at least one two 
dimensional acceleration sensor in Such a way that the 

8 

detected one-dimensional acceleration vector (i. ) runs 
substantially orthogonally with respect to the two-di 

mensional acceleration vector (i. ) detected by the at 
least one two-dimensional acceleration sensor, 

a first rotation angle sensor for detecting a first rotation 
angle (0) of the two-dimensional acceleration vector ( 

) about a Z-axis, wherein the first rotation angle 
sensor is arranged with respect to the at least one two 
dimensional acceleration sensor in Such a way that the 
Z-axis extends Substantially orthogonally with respect to 

: 

the two-dimensional acceleration vector (&), 
wherein: 
a second rotation angle sensor for detecting a second 

rotation angle (cp) of the one-dimensional acceleration 
8 

Vector (i. ) about a y-axis, wherein the second rota 
tion angle sensor is arranged with respect to the at 
least one one-dimensional acceleration sensor in Such 
a way that the y-axis extends Substantially perpen 
dicularly to the one-dimensional acceleration vector ( 
i 2). 

34. Measuring device according to claim 33, wherein the 
first rotation angle sensor and the second rotation angle sen 
sor are means for detecting the angular Velocity. 

35. Measuring device according to claim 33, wherein the 
first rotation angle sensor and the second rotation angle sen 
sor are gyroscope sensors. 

36. Measuring device according to claim 33, wherein the 
first rotation angle sensor and the second rotation angle sen 
sor are structurally identical and are arranged substantially 
orthogonally with respect to one another. 
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37. Measuring device according to claim 35, wherein the 
gyroscope sensors are sensitive in a measurement range of 50 
to 2000°/s. 

38. Measuring device according to claim 33, wherein the 
measuring device comprises two two-dimensional accelera 
tion sensors, which are sensitive for different measuring 
ranges in each case. 

39. Measuring device according to claim 38, wherein one 
two-dimensional acceleration sensor is sensitive in a mea 
Surement range of 0 to 10 g. 

40. Measuring device according to claim 38, wherein the 
other two-dimensional acceleration sensor is sensitive in a 
measurement range of 15 to 100 g. 

41. Measuring device according to claim 38, wherein the 
measuring device comprises two one-dimensional accelera 
tion sensors, wherein one one-dimensional acceleration sen 
sors is structurally identical to said one two-dimensional 
acceleration sensor and the other one-dimensional accelera 
tion sensors is structurally identical to the other two-dimen 
sional acceleration sensor. 

42. Measuring device according to claim 33, wherein the 
measuring device has a means for time measurement, which 
measures the time during the hitting movement. 

43. Measuring device according to claim 33, wherein the 
measuring device has computing means provided for convert 
ing the raw data determined by the acceleration sensors and 
rotation angle sensors into conditioned data comprising ori 
entation, maximum acceleration, duration of individual 
phases of the hitting movement, force distributions and accel 
erations during the individual phases and Swing path. 

44. Measuring device according to claim 43, wherein the 
measuring device comprises an operating element, with 
which a user can select which conditioned data are generated 
by the computing means. 

45. Measuring device according to claim 42, wherein the 
measuring device comprises a housing, which encloses all the 
sensors, the means for time measurement and the computing 
CaS. 

46. Measuring device according to claim 33, wherein the 
measuring device comprises a securing means provided for 
securing the measuring device releasably or non-releasably 
on a hitting implement. 

47. Measuring device according to claim 33, wherein the 
measuring device comprises a securing means provided for 
securing the measuring device indirectly or directly on abody 
of a user including on a hand or in the vicinity of a wrist. 

48. Measuring device according to claim 43, wherein the 
computing means are provided for comparing the raw data 
and/or the conditioned data with reference data. 

49. Measuring device according to claim 48, wherein a 
signal generator is provided, which generates a signal if the 
difference between the conditioned data and the reference 
data exceeds a defined limit value. 

50. Training device for training a hitting movement of a 
hitting implement, comprising: 

a hitting implement, with which a user trains the hitting 
movement, and 

at least one measuring device for detecting the hitting 
movement of the hitting implement, said at least one 
measuring device being secured on the hitting imple 
ment and comprising: 
at least one two-dimensional acceleration sensor for 

detecting a two-dimensional acceleration vector ( 
: a) s 
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at least one one-dimensional acceleration sensor for 
detecting a one-dimensional acceleration vector ( 

i ), wherein the at least one one-dimensional accel 
eration sensor is arranged with respect to the at least 
one two-dimensional acceleration sensor in Such a 
way that the detected one-dimensional acceleration 
Vector (i. ) runs Substantially orthogonally with 
respect to the two-dimensional acceleration vector ( 

) detected by the at least one two-dimensional 
acceleration sensor, and 

a first rotation angle sensor for detecting a first rotation 
angle (0) of the two-dimensional acceleration vector ( 

..) about a Z-axis, wherein the first rotation angle 
sensor is arranged with respect to the at least one 
two-dimensional acceleration sensor in Such a way 
that the Z-axis extends Substantially orthogonally with 
respect to the two-dimensional acceleration vector ( 

), wherein: 
the measuring device comprises comprises a second 

rotation angle sensor for detecting a second rota 
tion angle (cp) of the one-dimensional acceleration 

: 

vector (&) about a y-axis, wherein the second 
rotation angle sensor is arranged with respect to the 
at least one one-dimensional acceleration sensor in 
Such a way that the y-axis extends Substantially 
orthogonally with respect to the one-dimensional 
acceleration vector (i. 2). 

51. Training device according to claim 50, wherein the 
hitting implement extends along a hitting implement axis (A), 
and in that the measuring device is oriented in relation to the 
hitting implement axis (A) in Such a way that: 

the two-dimensional acceleration sensor detects a two 

dimensional acceleration vector (i. ) of the hitting 
implement which runs orthogonally with respect to the 
hitting implement axis (A), 

the one-dimensional acceleration sensor detects a one-di 

mensional acceleration vector ( ) of the hitting imple 
ment which runs parallel to the hitting implement axis 
(A), 
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the first rotation angle sensor detects a first rotation angle 
(0) of the hitting implement about the hitting implement 
axis (A), and 

the second rotation angle sensor detects a second rotation 
angle (p) of the hitting implement about the y-axis, 
which extends substantially perpendicularly to the hit 
ting implement axis (A). 

52. Training device according to claim 50, wherein the 
training device comprises at least one body sensor which is 
designed for indirector direct securing on a body of a user and 
is provided for detecting a movement of the body, wherein the 
at least one body sensor measures simultaneously relative to 
the measuring device. 

53. Training device according to claim 52, wherein com 
puting means are provided, which are Suitable for comparing 
a measurement signal of the at least one body sensor with a 
reference signal. 

54. Training device according to claim 53, wherein the 
computing means are provided for assigning a deviation of a 
measurement signal of the measuring device from a corre 
sponding reference signal to the simultaneously measured 
measurement signal of the at least one body sensor and, if 
appropriate, a deviation of the measurement signal of the at 
least one body sensor from the reference signal. 

55. Training device according to claim 54, wherein a signal 
generator is provided, which is suitable for indicating to a 
user the assignment of the deviation of the measurement 
signal of the measuring device from the corresponding refer 
ence signal to the simultaneously measured measurement 
signal of the at least one body sensor and, if appropriate, to the 
deviation of the measurement signal of the at least one body 
sensor from the corresponding reference signal. 

56. Method for training a hitting movement of a hitting 
implement on a distinguished Swing path by means of a 
training device, wherein the training device comprises a hit 
ting implement and at least one measuring device for detect 
ing the hitting movement of the hitting implement, said at 
least one measuring device being secured on the hitting 
implement, wherein: 

the training device is a training device according to claim 
SO. 


