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(57) ABSTRACT 

The invention relates to a position detector (3) for a method 
of motion analysis, especially for golf training. It is pro 
posed that the position detector (3) be detachably mounted 
on a ball sport device (2) and then receive and transmit at 
least one position signal for the determination of the Spatial 
position and/or the alignment of the ball sport device (2). 
Furthermore, the invention includes a method of motion 
analysis by using the position detector according to the 
invention. 
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Mounting of the Position Detector 
On the Shaft of the Golf Club 

Set-Up of the Measuring Sensor and 
Alignment of the Position Detector 

Opposite the Club Head 

System Calibration 

Figure 4b 
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Emission of Ultrasonic Signals from the 
Position Detector to the Measuring Sensor 

to the Measuring Sensor 

Using Triangulation 

Measurement of the Transit Times of the 
Ultrasonic Signals from the Position Detector 

Calculation of the POSitions of the UltraSOnic 
Transmitters from the Transit Times 

Calculation of the Position and Alignment of the 
Club Head Using Coordinate Transformation 

Intermediate Storage of the Position 
and Alignment of the Club Head 

FIG 4b. 
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Figure 4d Figure 4b 
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Error Checking and Validation Test of the 
Motion Data of the Golf Swing 

Receipt and Storage of the 
Motion Data of the Golf Swing 

Number of Desired 
Golf Swings Accomplished? 

Y 

FIG 4d 
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Figure 4d 

Retrieval and Filtering of the Stored 
Motion Data of the Golf Swings 

ldentification of the Impact Time 
from the Swing Dynamics 

Automatic Segmentation of Each 
Stored Swing into 7 Segments 

Calculation of 28 Motion Parameters 
and Their Dispersion over the 

Swing Repetitions 

Standardization of the Motion Parameters by 
Transformation into Corresponding ZValues 
That Together Form a Competency Profile 

Calculation of an Overal Performance Index 
from the ZValues 

Selection of a Stored Competency Profile 
from a Database to be Used as a Reference 

Display of the Data Curves and Measurement 
Values of the Determined Competency Profile, 

the Reference Profile, and the Overall 
Performance index 

End 

FIG 4e 
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Times 

Duration 3%m 1046.67 ms 

Impact Time 3. 336.67 ms 

Impact Timing 3% 0.32 

VMAX-Timing TÉ O40 

Dynamics 

Swing Length % 1119,62n 

Max. Velocity 33 1962.6 minis 

Max. Acceleration 8724,64 s? 

Release ACCeleration % 2937.56 rins 

Jerk in the Wrist Té 6.12 mm.fs 

Club Head Rotation 

Rotation to Impact 
Rotation to End 

Total Rotation 

Variation 

SD Swing Length 3 48.4.2 ran 

SD Swing Duration - 3. 57.5Ons 

SD Impact Time w 3% : 8.16ts 

SD Velocity at Impact Ž33 102.30 mills 

SD Max. Velocity 3% : 15136 is 

SD Alignment at Impact : 164 

SD Rotation 2, 0.82 

FIG 6 
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POSITION DETECTOR AND METHOD OF 
MOTION ANALYSIS 

0001. The invention relates to a position detector, as well 
as to a method of motion analysis. 
0002. In the game of golf, putting requires highly-devel 
oped fine motor skills from the players. During training, 
primary attention is normally focused on the driving tech 
nique, that is, on the Static aspects of motion. During putting, 
the dynamics of motion can hardly be perceived with the 
naked eye due to the extremely low execution Speed. Like 
wise with conventional methods of analysis, Such as Video 
analysis, the dynamic aspects of putting movements have, 
for methodological reasons, been analyzable only unsatis 
factorily and with great difficulty. Correspondingly, the 
training of the short game is often quite neglected and 
frequently leads to unsatisfactory results, although putting 
makes up approximately 40% of the golf game when mea 
sured by the number of strokes. 
0003. The task of the invention is therefore to measure 
and improve the Sequence of movements during the golf 
game, and especially during putting. 
0004. This task is accomplished by means of a position 
detector according to claim 1 and by a corresponding 
method of motion analysis according to claim 18. 
0005 The invention is based on the knowledge that, 
when learning slow movements Such as putting, unnoticed 
systematic motion errors are also frequently learned. The 
execution of quick ballistic motions is always purely motor 
driven and, therefore, Self-organizing. In contrast to this, the 
execution of Slow motions is always closely tied to Strategy. 
Strategic motion errors during slow motions, Such as those 
performed during putting, frequently go unnoticed by the 
golfers themselves; and it is difficult even for trainers to 
recognize these mistakes with the naked eye. For example, 
in the Sport of golf, the So-called Yips Syndrome leads to an 
unconscious twitching of the hand and wrist during the short 
game and thus makes precise execution of the Swinging 
motion impossible. Yips syndrome cannot be alleviated with 
conventional training methods, quite the contrary, the Symp 
toms continue to worsen with intensified practice. 
0006 The invention therefore comprises a general tech 
nical gauge for recording and analyzing the movement of a 
golf club using a Suitable device-Supported method of 
motion analysis. The Strengths and weaknesses of the indi 
vidual Sequence of movements are hereby, on the one hand, 
displayed in detail, enabling targeted, and thus extremely 
efficient, training. Furthermore, motion problems, Such as 
the YipS Syndrome, can be measured early and objectively. 
By using the derived information, a specific treatment for 
these motion problems can be carried out for the first time. 
0007. In addition to this, within the framework of the 
invention, a position detector is provided that is detachably 
mounted on a golf club for the purpose of determing the 
Spatial position and/or the alignment of the club. 
0008 Preferably, the position detector receives and trans 
mits at least one position signal, which Serves to determine 
the position and/or the alignment of the golf club. 
0009. The invention is not, however, limited to recording 
the position or alignment of a golf club, but can rather 
basically be used for other ball Sport devices, Such as, for 
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example, billiards, cricket bats, or Similar clubs. To facilitate 
understanding, however, the invention will be described 
below using a golf club. 
0010. The position detector is preferably an active posi 
tion detector that transmits at least one position signal that 
is recorded by a Stationary receiver, wherein the position 
and/or the alignment of the golf club is determined by the 
receiver dependent upon the received position Signal. 

0011) Another alternative, however, is a position detector, 
mountable on the golf club, that is passive and has a receiver 
for receiving a position signal from a Stationary transmitter, 
wherein the position and/or the alignment of the golf club is 
again determined by the receiver dependent upon the posi 
tion Signal. 
0012. The position signal is preferably an ultrasonic 
Signal that, for example, can be transmitted with a measure 
ment rate of between 100 Hz and 400 Hz, wherein the 
measurement rate in the preferred embodiment of the inven 
tion amounts to 300 Hz. The use of an ultrasonic signal as 
the position Signal enables a high-Sensitivity resolution of 
approximately 0.1 mm, which, during motion analysis, can 
expose the Smallest details of the Sequence of movements 
and also enable the identification of motion disturbances, 
Such as, for example, Yips Syndrome, which are invisible to 
the naked eye. 
0013 With regard to the position signal, however, the 
invention is not limited to an acoustical signal. The position 
Signal can rather be an optical or a magnetic Signal. In this 
regard, the motion-measuring components can-for 
example, according to the principle of optical position 
determination-consist of cameras or laser-light Scanning; 
and the measuring Sensors can be made of reflecting and/or 
actively ruminating marking dots and optically Sensitive 
measuring Surfaces. Furthermore, according to the principle 
of position determination, the motion-measuring compo 
nents can function by using magnetic fields. 

0014. In addition to this, the position detector can also 
have one or more acceleration Sensors that record the 
movement of the golf club. 
0015. In the preferred embodiment of the invention, the 
position detector that can be mounted on the golf club has at 
least three transmitters or receivers, So that the position of 
the individual transmitters or receivers can be precisely 
determined by triangulation and Subsequently coordinate 
transformation. The individual transmitters or receivers are 
hereby preferably arranged on a common plane and form a 
triangle. 

0016 Furthermore, it is preferable for the individual 
transmitters to emit essentially in the same direction, 
wherein the individual transmitters can have a transmission 
angle of up to 180, So that the position detector or an 
asSociated control unit must be only approximately aligned 
with the associated receivers. 

0017 When the position detector is in the mounted State 
according to the invention, one of the transmitters is pref 
erably arranged flush with the shaft of the golf club, while 
the other two transmitters are arranged on opposite sides of 
this plane. This arrangement of the individual transmitters 
advantageously enables a simple and precise coordinate 
transformation and, thus, precise position determination. 
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0.018. The position detector according to the invention is 
preferably mounted on the shaft of the golf club, wherein the 
mounting is detachable and, for example, can be performed 
with a clamping Screw joint. The position detector is hereby 
preferably rotatable around the shaft of the golf club, 
wherein a gauge can be used for aligning the position 
detector in the rotation direction relative to the golf club. 
0019. The detachable mounting of the position detector 
according to the invention that is on the golf club is 
advantageous because the position detector is also a training 
device, and different golf clubs can be compared to one 
another. For example, testing different golf clubs with the 
position detector according to the invention enables the 
direct selection of the individually optimal golf club, which 
otherwise is possible only with a longer use of different golf 
clubs. 

0020. The actual determination of the position or align 
ment of the golf club is hereby preferably performed via a 
Stationary control unit, wherein the control unit is connected 
to the transmitters and the receivers in order to perform a 
transit time measurement and thus determine the position 
and alignment of the position detector and the golf club to 
which the position detector is attached. A conventional 
control unit, Such as, for example, the one marketed by 
zebris Medical GmbH, Max-Eyth-Weg 42,88316 Isny (Ger 
many) under the brand name CMS-20 or CMS10, can be 
used for this. 

0021 Within the framework of the method of motion 
analysis according to the invention, the raw data from the 
aforementioned, well-known control unit, however, under 
goes a kinematic analysis in order to acquire golf-Specific 
information on golf training and, particularly, on the training 
of putting. For example, from the position and/or the align 
ment of the golf club, the following Swing parameters can be 
determined: 

0022 duration of backSwing 
0023 duration of follow-through 
0024 impact time 
0025 symmetry of the impact time 
0026 symmetry of the velocity profile 
0027) alignment when addressing the ball 
0028 club head at the moment of impact 
0029 differential value for alignment 
0030 rotation to the moment of impact 
0031 rotation after the moment of impact 
0032 rotation rate per time 
(0.3 horizontal angle of the club head on the Swing 

pat 

0034) 
0035) 
0036) 
0037) 
0038 
0039) 

loft of the club at the moment of impact 
point of impact on the club head 
height of club at moment of impact 
length of backSwing 
length of follow-through 
Symmetry of Swing path 
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0040 horizontal direction of the Swing path at the 
moment of impact 

0041 vertical incline of the Swing path at the 
moment of impact 

0.042 
0043) 
0044) 
0045 
0046) 
0047) 
0048) 
0049) 

0050 Additionally, within the framework of the method 
of motion analysis according to the invention, the variabili 
ties of all twenty-eight (28) parameters are preferably cal 
culated for multiple Swings (typically, 5 Swings), in order to 
describe the consistency of motion execution. 

maximum backSwing Velocity 
Velocity at impact 
maximum follow-through Velocity 
maximum acceleration 

acceleration after impact 
maximum braking 
average jerk during the backSwing 
average jerk during the follow-through. 

0051. Furthermore, the individual Swing parameters are 
preferably normalized within the framework of the method 
of motion analysis according to the invention, So that 
deviations from the norm within the individual Swing 
parameters can be easily recognized and quantitatively 
evaluated. 

0052. In addition to this, the Swing parameters are pref 
erably graphically depicted within the framework of the 
method of motion analysis according to the invention, 
wherein the depiction can be performed with Stored com 
parative values So that deviations and motion disturbances 
can be recognized. 
0053 Other advantageous improvements of the invention 
are described in the dependent claims or, together with the 
following description of the prefered embodiment of the 
invention, are discussed in more detail using the figures. 
Shown are: 

0054 FIG. 1 a motion-analysis system according to the 
invention for the training of putting in golf, 
0055 FIG. 2 a position detector according to the inven 
tion that can be mounted on a golf club, 
0056 FIG. 3 an enlarged view from FIG. 1 with the 
position detector from FIG. 2 mounted on the golf club, 
0057 FIGS. 4a to 4e the method for motion analysis 
according to the invention in a flowchart, 
0.058 FIGS. 5 and 6 different graphic renditions on the 
monitor that are generated within the framework of the 
method for motion analysis according to the invention, as 
well as 

0059 FIG. 7 an alternative embodiment of a motion 
analysis System according to the invention. 
0060 FIG. 1 shows a golfer 1 putting with a golf club 2, 
wherein an active position detector 3, which is shown in 
detail in FIG. 2 and Subsequently described, is detachably 
mounted on the shaft of the golf club 2. 
0061 The position detector 3 has two attachment screws 
4, 5 with which the position detector 3 can be detachably 
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mounted on the shaft of the golf club 2. The alignment of the 
position detector 3 in the rotation direction around the shaft 
of the golf club 2 is hereby accomplished by a gauge, which, 
for reasons of Simplification, is not shown. 
0062) The position detector 3 essentially consists of a 
middle part 6, on whose free end an ultrasonic transmitter 7 
is attached, wherein the middle part 7 branches out on the 
opposite end into two side arms 8.1, 8.2, on whose free ends 
another ultrasonic transmitter 9 or, respectively, 10, is 
attached in each instance. 

0063) The ultrasonic transmitters 7, 9, 10 are hereby 
arranged on a plane and emit in the same direction, wherein 
the individual ultrasonic transmitters 7, 9, 10 have, in each 
instance, a transmission angle of 180 and a maximum 
measurement distance of approximately 2 m and enable a 
measurement rate totaling 300 Hz. 
0.064 On the top of the position detector 3, there is a 
connection to which a fourth Sensor can be connected in 
order to Separately measure wrist motions. The motions of 
the wrist are very important, especially when YipS problems 
are being measured. 
0065. Furthermore, the motion-analysis system can also 
process other measuring Signals, if a position detector 
attached to the body of golfer 1 is used instead of position 
detector 3 on golfer 2. With such a position detector, other 
body movements, Such as movements of the head, shoul 
ders, back, and hips, can also be measured. In another 
embodiment of the invention, these body-Specific signals 
can be Simultaneously registered with a Second measuring 
Sensor that is connected to the same processor via a Second 
control unit. The signals from the motion of the golf club 2 
and the motion signals of the body can be analyzed and 
evaluated Synchronously. With Such a measuring unit, the 
connection between good performance during the short golf 
game and the associated body-Specific movements can be 
measured for the first time. Furthermore the motion-analysis 
System can be operated in Synchronization with other mea 
Suring Systems, for example, for performing a Synchronous 
determination of the ground reaction forces using a force 
distribution measuring plate. 
0.066 The position detector 3 is connected by a cable 11 
to a control unit 12, which can have a conventional design. 
For the control unit 12, one can, for example, use the CMS10 
or the CMS 20S measuring system, which is marketed by the 
aforementioned company Zebras Medical GmbH. 
0067. The communication between the position detector 
3 and the control unit 12, however, can alternatively be 
wireless, for example, it can be performed by an optical 
Signal. In addition, a signaling transmitter (e.g., infrared), 
which, for example, is fastened to the belt of the golfer 1 and 
controls an additional receiver, can be controlled via a 
Shortened cable. The measuring Sensor is then preferably 
connected by a cable to the processor 19 via the control unit 
12. The control unit 12 can hereby also be integrated with 
the measuring sensor 14 or combined with the processor 19. 
0068. Furthermore, the control unit 12 is connected by 
another cable 13 to an ultraSonic measuring Sensor 14, which 
can be designed conventionally and is available, for 
example, together with the aforementioned measuring Sys 
tem of Zebras Medical GmbH. The measuring sensor 14 is 
hereby arranged on a tripod and has three ultrasonic receiv 
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erS 16, 17, 18, which are arranged on a Single plane in the 
shape of a triangle and which are aligned, jointly and 
roughly parallel, to the position detector 3, in order to 
receive ultrasonic Signals from the ultrasonic transmitters 7, 
9, 10. 

0069 Via cable 11, the control unit 12 triggers the 
ultrasonic transmitters 7, 9, 10 to emit ultrasonic impulses 
that are recorded by the ultrasonic receivers 16-18 and 
transmitted via cable 13 to the control unit 12. The transit 
times of the ultraSonic impulses of the ultraSonic transmit 
ters 7, 9, 10 until they are received by the ultrasonic 
receivers 16-18 are transmitted by the measuring sensor 14, 
via the cable 13, to the control unit 12 and, from there, via 
a data interface, to the processor 19. Using triangulation, the 
processor 19 calculates the positions of the individual ultra 
Sonic transmitters 7, 9, 10 in three-dimensional space from 
the transit time of the ultrasonic impulses. From this raw 
data, the processor 19 then calculates the position data of the 
golf club 2 in real time by using coordinate transformation. 
The position data of the golf club 2 are analyzed in real time, 
and the results are alternately displayed on a monitor 20 and 
Saved for further analysis in a measured value file. Operator 
prompting is hereby possible via an input device 21. 

0070 From the enlarged representation in FIG. 3, one 
can See that the position detector 3 is attached to the Shaft of 
the golf club 2 in Such a way that the ultraSonic transmitter 
7 is located in the middle front of the shaft, while the side 
arms 8.1 and 8.2 stick out laterally from the shaft of the golf 
club 2. This arrangement of the position detector 3 enables 
a precise position determination using a triangulation of the 
ultraSonic impulses that are emitted by the three ultrasonic 
transmitters 7, 9, 10. 

0071 FIGS. 4a to 4e show the method of motion analysis 
according to the invention in a flowchart. In the Segment of 
the method shown in FIG. 4a, preliminary tasks, such as the 
mounting of the position detector 3 onto the golf club 2, as 
well as the Set-up of the measuring Sensor 14 with the tripod 
15 and the alignment of the measuring Sensor 14 in the 
direction of golfer 1, are initially performed. 

0072 Furthermore, the entire system is calibrated in this 
Segment of the method, in order to enable a precise record 
ing of the position. For this, the club head of the golf club 
2 is calibrated, in the horizontal direction, precisely in the 
direction of the sighted target (“alignment”), and, in the 
vertical direction, the club head is calibrated in the direction 
of the the gradient opposite the verticals ("loft”). 
0073. In the segment of the method shown in FIG. 4b, the 
actual measurement of the motion of golf club 2 is then 
performed, wherein this segment of the method is constantly 
repeated in the background during operation. During a 
measurement in the diagnosis mode, Several Swings are 
normally performed one after the other, in order to test the 
consistency of motion execution. Typically, there are five 
putts to the same goal. 

0074. During this procedure, the ultrasonic transmitters 
7, 9, 10 of the position detector 3 constantly emit ultrasonic 
signals that are received by the ultrasonic receivers 16 to 18 
of the measuring Sensor 14. 

0075. The control unit 12 then measures the transit time 
of the ultraSonic Signals between their emission by the 
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ultrasonic transmitters 7, 9, 10 of the position detector 3 and 
their reception by the ultrasonic receivers 16 to 18 of the 
measuring Sensor 14. 

0.076 Finally, from the measured transit times, the pro 
ceSSor 19 calculates the positions of the ultrasonic transmit 
ters 7, 9, 10, and, from these positions, it calculates the 
position and alignment of the club head using coordinate 
transformation, wherein a defined alignment of the position 
detector 3 relative to the golf club 2 is taken as the basis. 
0077. In order to make an operator intervention Super 
fluous for the measuring and Storing of the data on individual 
Swings, the Swing motions within the continuous data Stream 
are automatically identified according to precisely defined 
criteria, a task that is performed in the Segment of the 
method shown in FIG. 4c. For this, diverse criteria are 
combined in a combination of time Sequences, motion 
direction, and motion dynamics. First, the golf club 2 must 
be kept still for a certain period of time (for example, for 1 
second). Then the club must be moved away from the goal 
in the negative direction at a certain minimum velocity. 
Within a certain period of time, the backward motion must 
then be stopped and converted Seamlessly into a forward 
motion. Within a certain period of time, a certain forward 
velocity must then be exceeded. Within a certain period of 
time, the Swing Velocity must then decrease to below a 
certain threshold value, in order to indicate the end of the 
Stroke. If one of the Specified conditions is not met, the 
measurement cycle is interrupted, and the motion is rejected 
as invalid. 

0078 If, on the other hand, a valid Swing cycle was 
identified in the continuous data Stream, then the associated 
position data and the alignment of the club head of golf club 
2 are Stored, along with the respective measurement times 
for the Subsequent analysis of the Swing motion. 

0079 If the Swing motion did not end correctly, then the 
segment of the method shown in FIG. 4c is repeated. If a 
Swing is ended and the required number of Strokes have not 
yet been completed, then the Segment of the method shown 
in FIG. 4c is performed again. Otherwise, one skips to the 
segment of the method shown in FIG. 4d in which the actual 
analysis and display of the motion data is performed as 
described below. 

0080. In contrast to the diagnosis mode, in the training 
mode, only one motion is executed each time. This is 
immediately analyzed in real time, and the results displayed 
on the monitor. Thus, the golfer 1 can immediately See how 
close he or she has come to the Standard for each Stroke. In 
contrast to the continuous biofeedback, here a So-called 
kinetic feedback is used ("knowledge of result”). Continu 
ous motion feedback, on the other hand, would disrupt 
motion execution; and it has proven to be unsuitable for the 
learning of automated movements. 
0081. Before the data can be evaluated, they undergo an 
error analysis and data filtering, which is shown in FIG. 4d. 
Since all biomechanical signals entail a certain error ratio 
and this error ratio is multiplied when dynamic aspects, Such 
as, Velocity and acceleration, are calculated, then valid data 
filtering plays a decisive role. On the basis of Scientific 
findings, a sliding average filter is used here that, as has been 
proven, produces the best filtering results for motion data. 
This filter is described, for example, in MAROUARDT, C. 
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& Mai, N.: “A computational procedure for movement 
analysis in handwriting” (Journal of Neuroscience Methods, 
52,39-45); thus the entire contents of this publication should 
be included in the existing description, and a detailed 
description of the data filtering is not needed here. 
0082 Since the impact time of the golf club 2 on the golf 
ball cannot be measured acoustically due to the low Velocity 
of the club, the moment of impact is calculated from the data 
Stream. In order to determine the impact time, a combination 
of the position when the Swing begins, the club height, and 
the measured impact impulse of the ball on the golf club 2 
is used in the acceleration Signal. An additional acceleration 
Sensor mounted on the club can also be used to determine the 
impact time. 
0083. In order to calculate the different motion param 
eters, the data of the individually Stored motions are auto 
matically classified into Seven (7) different motion Seg 
ments, which include: 

0084) 

0085) 

0086) 

0087 

0088) 

0089) 
0090) 

1) beginning of the backSwing, 
2) beginning of the follow-through, 

3) maximum acceleration, 
4) impact time 
5) maximum velocity, 

6) maximum braking, 
7) end of the follow-through. 

0091 Based on the seven (7) motion segments, the 
twenty-eight (28) different motion parameters are then cal 
culated, Some of which are shown as examples in the 
monitor printouts in FIGS. 5 and 6. For example, within the 
framework of the motion analysis, the maximum Velocity 
and the maximum acceleration of the club head of the golf 
club 2 are calculated in advance. All calculated data curves 
can be depicted graphically and, together with the associated 
motion parameters, combined with one another and dis 
played on the monitor or printed out in any manner what 
SOCWC. 

0092 Finally, the motion parameters (e.g., maximum 
acceleration) that have been determined in this way are 
Standardized into corresponding Z values using a transfor 
mation, wherein the combined Z values form a skills profile 
that is graphically depicted in FIG. 6. 
0093. Additionally, an overall performance index, which 
reflects the performance capability of the respective golfer 1, 
is calculated from the Z values. 

0094) Furthermore, a competency profile of a well 
known golfer can be Selected as a reference from a database 
that is Stored in the processor 19 and then displayed graphi 
cally on the monitor. In FIG. 6, this competency profile 
Serving as reference is always shown in the middle as a gray 
shaded field, while the actually determined Z values of the 
golfer 1 appear as black bars that lie partially outside of the 
range of the competency profile that Serves as a reference. 
0095 Finally, the determined competency profile and the 
competency profile Selected to Serve as reference are graphi 
cally depicted, whereby the monitor printouts from FIGS. 5 
and 6 are to be understood only as examples. 
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0096. The embodiment of a motion-analysis system 
according to the invention, which is shown in FIG. 7, largely 
corresponds to the motion-analysis System that was previ 
ously described and depicted in FIG. 1, so that, in order to 
avoid repetition, reference is generally made to the afore 
mentioned description; and the same indicators are used 
below for corresponding components. 
0097. In this embodiment, the determination of the posi 
tion and alignment of the golf club 2 is based, however, on 
what is basically a technically different principle. Thus, the 
position detector 3 has Several acceleration Sensors that 
record the acceleration of the position detector 3, from 
which the control unit 12, in conjunction with the processor 
19, can then calculate the position and alignment of the golf 
club 2. 

0098. The invention is not limited to the preferred afore 
mentioned embodiment examples. Rather, a number of 
variants and adaptations are possible that also make use of 
the Scope and nature of the invention and therefore lie within 
the range of protection. 

I claim: 
1. Position detector (3) characterized by a mounting 

arrangement with which the position detector (3) can be 
detachably mounted on a ball sport device (2). 

2. Position detector (3) according to claim 1, character 
ized in that the ball sport device (2) is a golf club. 

3. Position detector (3) according to one of the preceding 
claims, characterized by at least one transmitter (7,9,10) for 
emitting a position signal to a stationary receiver (16-18), 
wherein the receiver (16-18) determines the position and/or 
the alignment of the ball sport device (2), dependent upon 
the received position Signal. 

4. Position detector (3) according to claim 3, character 
ized by at least three, interspaced transmitters (7,9,10), each 
of which emits a position signal to three Stationary and 
interspaced receivers (16-18). 

5. Position detector (3) according to claim 1 or 2, char 
acterized by at least one receiver for receiving the position 
Signal from a Stationary transmitter, wherein the receiver 
determines the position and/or the alignment of the ball Sport 
device, dependent upon the received position signal. 

6. Position detector (3) according to claim 5, character 
ized by at least three, interspaced receivers, each of which 
receives a position Signal from three Stationary and inter 
Spaced transmitters. 

7. Position detector (3) according to one of the claims 3 
to 6, characterized in that the transmitter (7, 9, 10) is an 
ultraSonic transmitter. 

8. Position detector (3) according to one of the claims 3 
to 7, characterized in that the transmitters (7, 9, 10) are 
essentially arranged on one plane (flush). 

9. Position detector (3) according to one of the claims 3 
to 8, characterized in that the transmitters (7, 9, 10) essen 
tially emit the position Signals in the Same direction. 

10. Position detector (3) according to one of the claims 3 
to 9, characterized in that the three transmitters (7, 9, 10) are 
essentially arranged in the shape of a triangle. 

11. Position detector (3) according to one of the claims 3 
to 10, characterized in that one of the transmitters (7, 9, 10) 
is arranged, in the mounted State, flush with the shaft of the 
ball sport device (2), while the two other transmitters (9,10) 
are arranged on opposite Sides of this plane. 

Sep. 29, 2005 

12. Position detector (3) according to claim 1 or 2, 
characterized in that the position detector has at least one 
acceleration Sensor. 

13. Position detector (3) according to one of the claims 2 
to 12, characterized in that the position detector (3) can be 
mounted on the shaft of the ball sport device (2). 

14. Position detector (3) according to one of the preceding 
claims, characterized in that a cable connection (11) is 
provided for wire communication with a Stationary control 
unit (12). 

15. Position detector (3) according to one of the preceding 
claims, characterized in that an additional transmitter is 
provided for wire communication with a Stationary control 
unit (12). 

16. Position detector (3) according to claim 15, charac 
terized in that the additional transmitter can be attached to 
the body of a golfer. 

17. Motion-analysis system with a position detector (3) 
according to one of the preceding claims and a control unit 
(12) that is connected to the position detector (3) in order to 
control and assess the motion analysis. 

18. Method of motion analysis, characterized in that the 
motion of the ball sport device (2) during a Swing is recorded 
and analyzed by a position detector (3) mounted on the ball 
Sport device (2). 

19. Method of motion analysis according to claim 18, 
characterized in that the ball Sport device (2) is a golf club. 

20. Method of motion analysis according to one of the 
claims 18 to 19, characterized by the following steps: 

transmission of a position signal between the position 
detector (3) mounted on the ball sport device (2) and a 
Stationary control unit (12), 

determination of the position and/or the alignment of the 
ball sport device (2), dependent upon the position 
Signal. 

21. Method of motion analysis according to claim 20, 
characterized in that the transit time of the position Signal 
between the position detector (3) and the control unit (12) is 
measured, and then the position and/or alignment of the ball 
Sport device (2) is determined using the transit time. 

22. Method of motion analysis according to claim 20 or 
21, characterized in that the position detector (3) and the 
control unit (12) have several interspaced transmitters (7,9, 
10) or several interspaced receivers, among which several 
position signals are transmitted, wherein the position and/or 
the alignment of the ball sport device (2) is determined, 
dependent upon the position signals. 

23. Method of motion analysis according to one of the 
claims 18 to 22, characterized in that the following data are 
determined from the position and/or the alignment of the 
ball sport device (2): 

Start of a Swing motion and/or 
end of a Swing motion and/or 
moment of impact of the ball sport device (2) on the ball. 
24. Method of motion analysis according to one of the 

preceding claims, characterized in that at least one of the 
following Swing parameters is determined for a Swing from 
the position and/or the alignment of the golf club (2): 

duration of backSwing 
duration of follow-through 
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impact time 
Symmetry of the impact time 
symmetry of the velocity profile 
alignment when addressing the ball 
club head at the moment of impact 
differential value for alignment 
rotation to the moment of impact 
rotation after the moment of impact 
rotation rate per time 
horizontal angle of the club head on the Swing path 
loft of the club at the moment of impact 
point of impact on the club head 
height of club at moment of impact 
length of backSwing 
length of follow-through 
Symmetry of Swing path 
horizontal direction of the Swing path at the moment of 

impact 
Vertical incline of the Swing path at the moment of impact 
maximum backSwing Velocity 
Velocity at impact 
maximum follow-through Velocity 
maximum acceleration 

acceleration after impact 
maximum braking 
average jerk during the backSwing 
average jerk during the follow-through. 
25. Method of motion analysis according to one of the 

claims 18 to 24, characterized in that the variability is 
calculated for each of the Swing parameters in order to 
measure motion consistency. 

26. Method of motion analysis according to one of the 
claims 18 to 25, characterized in that the Swing parameters 
are graphically displayed. 
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27. Method of motion analysis according to one of the 
claims 18 to 26, characterized in that the chronological 
Sequence of the Swing parameters is graphically displayed. 

28. Method of motion analysis according to one of the 
claims 24 to 27, characterized in that the Swing parameters 
are normalized. 

29. Method of motion analysis according to one of the 
claims 18 to 28, characterized in that the Swing parameters 
are compared to Stored reference values and/or displayed 
together with the reference values. 

30. Method of motion analysis according to one of the 
claims 28 to 29, characterized in that an Overall-Perfor 
mance-Index is calculated from the normalized Swing 
parameters in order to determine the performance of the 
golfer. 

31. Method of motion analysis according to one of the 
preceding claims, characterized in that, in addition to the 
position determination of the club, other position signals, 
Such as, the positions and motions of the golfer's body, are 
Synchronously recorded and jointly analyzed. 

32. Method of motion analysis according to one of the 
preceding claims, characterized in that, in addition to the 
position determination of the club, the ground reaction 
forces during golf play are Synchronously measured and 
analyzed using a force measuring plate. 

33. Method of motion analysis according to one of the 
claims 18 to 32, characterized in that motion problems, Such 
as the Yips Syndrome, can be classified and identified 
already before they actually occur by using the calculated 
competency profile. 

34. Method of motion analysis according to one of the 
claims 18 to 33, characterized in that the position detector 
has at least one acceleration Sensor that produces an accel 
eration Signal corresponding to the motion of the ball Sport 
device. 

35. Method of motion analysis according to claim 34, 
characterized in that the position Signal that is dependent 
upon the transit time is balanced with the acceleration signal, 
in order to increase the precision. 

36. Method of motion analysis according to claim 34, 
characterized in that the position signals and the angle 
Signals of the club are reconstructed from the acceleration 
Signals, in order to calculate the Swing parameters from 
them. 


