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(57) ABSTRACT 

For measuring the rotational frequency of a movable game 
device, one resorts to an existing radio signal in the form of 
a broadcast signal or mobile communication signal Within 
the framework of an open system, or to a radio signal of an 
evaluation unit Within the framework of a closed system, so 
as to obtain, by means of an antenna having a directivity 
characteristic, a time-varying radio antenna receive signal 
Which has a low-frequency modulation portion, the fre 
quency of Which corresponding to the rotational frequency 
of the movable game device. 
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DEVICE AND METHOD FOR MEASURING A 
ROTATIONAL FREQUENCY OF A MOVABLE 

GAME DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority from German 
Patent Application No. 1020050363555, Which Was ?led on 
Jul. 29, 2005, and is incorporated herein by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to movable devices 
and in particular to game devices such as balls, and to 
concepts for measuring a rotational frequency of a movable 
game device. 

[0004] 2. Description of Prior Art 

[0005] For quite some time, various interest groups have 
Wished to study and understand the sequence of movements 
of moving objects and/or persons, Which requires an exact 
indication of the object’s position in space and time. What 
is of particular interest here are, among other things, game 
balls, in particular in commercialized types of sport, such as 
footballs, or soccer balls, Which are highly accelerated in 
three-dimensional space, as Well as tennis or golf balls. The 
question of Who Was the last to touch the object of the game, 
hoW it Was hit and in Which direction it Was accelerated 
further may be decisive for the outcome of the game, 
depending on the type of game. 

[0006] Game devices that are used in high-performance 
sports, such as tennis balls, golf balls, footballs and the like, 
noWadays can be accelerated to extremely high speeds, so 
that the detection of the object during the movement requires 
highly sophisticated technology. The technical means 
employed so farimainly camerasieither completely fail 
to meet the requirements set forth above, or meet them only 
to an insuf?cient degree; also the methods, hitherto knoWn, 
for position ?nding by means of various transmitter and 
receiver combinations still leave a large error margin With 
regard to the spatial resolution of the position indication, 
With regard to the ease of use of the transmitter/receiver 
components required, and above all With regard to evaluat 
ing the data obtained by means of the transmitter/receiver 
system, so that it is not yet possible, or at least requires a 
large amount of effort, to evaluate the results obtained from 
this data as fast as possible. 

[0007] It is not only in the ?eld of commercial sports, 
Where movable game devices may be employed, but it is 
also in the personal ?eld that users have become more and 
more used to electronic devices indicating various pieces of 
information to give a user feedback as to hoW he/she has 
affected an object, or to provide him/her With information 
about hoW a player has affected a gaming device. 

[0008] Current statistics methods in commercial applica 
tions, such as of the German ?rst football division (Bundes 
liga), Work With recording relatively simple statistics, such 
as the percentage of ball contacts of a team or the number of 
corners, free kicks or fouls. 
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[0009] On the other hand, there have been means, for 
example in tennis, Where there is a very plannable, clearly 
arranged environment With only tWo players, Which mea 
sure, for example, the speed of the tennis ball at the serve, 
such that a vieWer is in a position to assess Whether a serve 
Was “hard” or “soft”. 

[0010] What is problematic about such speed measure 
ments Which may occur by optical methods is the fact that 
they do not function Within an environment Where there is a 
muddle of players, such as on a football pitch Where there 
are not only tWo persons being active, but 22 persons, Who, 
in additioniunlike in tennis for a serveiare not positioned 
in more or less the same place but may form any constel 
lation on the pitch. On the other hand, particularly in 
football, it is interesting, both for the feedback of the players 
in training and for the vieWers to knoW, for example, hoW a 
shot actually came about and/or hoW large the force of the 
shot Was. 

[0011] Thus, kicking a ball in football or soccer or hitting 
a ball in tennis represents the actual “base” impact, as it 
Were, on the game device Which is alWays decisive of hoW 
the game continues, since ultimately everything is about 
doing something With the movable game device, such as 
playing it into an opponent’s ?eld (as in tennis) or moving 
it into a goal (as in football, or soccer) or into a basket (as 
in basketball) or to cause it to contact the ?oor of the 
opponent’s pitch (as in volleyball). Due to the di?iculty of 
the continuously changing constellations in dynamic games, 
in particular team games, hoWever also in tennis When no 
serve is currently played, but the ball is played in one move, 
external speed measurements Will fail, Which has lead to the 
fact that there are currently no shot force detection systems 
that could be employed in a ?exible manner. 

[0012] On the other hand, for the ?eld of sports, but also 
for the ?eld of leisure, there is a further limitation resulting 
from the fact that these ?elds are highly commercialized. All 
systems providing additional information, in particular When 
they are intended for leisure of for leisure sports, must 
enable to be offered at a loW price since they are objects 
Which a user never “absolutely needs” but might like to have 
anyWay. Particularly in such a market, it is decisive to be 
able to offer a robust system at loW price. For example, a 
system must not require a high level of maintenance or of 
equipment such as, for example, a speed measurement 
system for measuring the serve of a tennis player. Due to the 
relatively high cost associated, a small tennis club Would 
never acquire such a system for training purposes, Which 
applies even more to a private person Who Wishes to play 
tennis in a slightly more ambitioned manner in his/her 
leisure time. 

[0013] When considering the impact experienced by a 
game device, such as When it is shot by a racket or a leg or 
an arm or a hand of a player, one Will ?nd that most of the 
time, the movable game device Will be made to rotate. Part 
of the energy transmitted to the device is thus converted into 
rotational energy rather than into, e.g., kinetic or potential 
energy. This rotation of the movable game device has a 
considerable effect With regard to a trajectory of the movable 
game device, since a trajectory thereby may be in?uenced in 
that the trajectory Will deviate from a normal trajectory 
Which Would be folloWed, e.g., by a non-rotating object in 
the air. In football, one knoWs of so-called “curling crosses” 
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Which occur due to the fact that a ball rotates in the air and 
its trajectory is in?uenced by the rotation. One also knoWs 
of free kicks Which are lowered doWn into the goal after they 
have passed the Wall and represent a challenge for each goal 
keeper. Here, too, the rotation of the game device plays an 
important part. 
[0014] A further decisive part is played by a rotation When 
the rotating object hits the ground. Everybody knoWs this 
phenomenon for example in table tennis, tennis or even 
football. The ball Will jump off differently when it is rotating 
than When it is not rotating. Thus, a so-called “stopped” ball 
in tennis Will hardly continue its direction of ?ight once it 
bounces on the ground, but Will be highly decelerated and 
then tend to jump off high and thus contribute to the 
opponent’s confusion. On the other hand, an accelerated ball 
Will, When it hits the ground, jump off at a very much smaller 
angle With the ?oor and in a highly accelerated manner, 
Which results solely from the rotation of the ball. 

[0015] Measuring a rotation of a movable game device is 
thus a good measure of being able to predict the behavior of 
a movable game device or to receive feedback or to accu 

mulate further statistical data With regard to, e.g., a football 
match in terms of Which player not only has the hardest shot 
but may also give a ball the highest level of rotation When 
he/ she shoots. 

[0016] Us. Pat. No. 6,151,563 discloses a device for 
measuring a movable object such as a baseball, football, 
hockey puck, football, tennis ball, boWling ball or golf ball. 
A detection unit mounted to the ball includes a spin detection 
circuit, an electronic processor circuit, a magnetic ?eld 
sensor and a radio transmitter. A monitoring unit is Worn, or 
carried, by a user and serves as a user interface for the 
detection device. The monitoring unit has a radio receiver, a 
processor, a keyboard and an output display displaying 
various movement characteristics measured of the movable 
object, such as ?ying time, speed, height of trajectory, spin 
rate or curve of the movable object. Particularly, a spin 
detection is performed in that a measurement of the earth’s 
magnetic ?eld is performed using a magneto-inductive sen 
sor, Which is an inductive element Within an oscillator. If the 
sensor rotates by 1800 relative to the earth’s magnetic ?eld, 
a frequency shift of the oscillator of up to 100% may be 
achieved. Thus, the frequency of the oscillator tuned by the 
variable inductance is varied betWeen a maximum and a 
minimum value, an interval being measured betWeen fre 
quency peaks to determine the spin rate of the object. 

[0017] What is disadvantageous about this concept is the 
fact that the entire detection is based on the earth’s magnetic 
?eld Which may vary considerably from area to area and thus 
Will lead to a pronounced or Weak frequency variation, 
depending on the intensity of the earth’s magnetic ?eld. 

[0018] In addition, measuring the earth’s magnetic ?eld 
requires a lot of effort, particularly as an oscillator must be 
provided Which additionally must be energiZed. This prob 
lem is a large one, particularly since this oscillator Would 
have to be arranged Within the ball, but replacing batteries 
Within the ball or recharging the ball is problematic, if not 
impossible. In addition, this concept of the tuned oscillator 
is also problematic, With regard to the energy consumption, 
in that the oscillator must be kept sWitched on irrespective 
of Whether a rotation is detected, and Will thus consume as 
much valuable battery energy of the ball as in those cases 
When no rotation is measured. 
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[0019] In addition, provision of an oscillator With a Wide 
tuning range is expensive and problematic particularly for 
loW frequencies, unless one resorts to digital circuits Which, 
hoWever, require a lot more energy than analog circuits 
While being more prone to defects. On the other hand, to 
build analog circuits With oscillation characteristics at loW 
frequencies, these circuits Would have to have either high 
capacitances or high inductances, Which in turn contributes 
to the sensor being expensive, to a large volume required 
and, possibly, even to a heavy Weight of the sensor. In 
particular, hoWever, volume, energy consumption and espe 
cially also the Weight of the sensor are measures Which 
should be kept as small as possible, since a ball Without a 
sensor actually must not differ, With regard to its properties 
for the player, from a ball having a sensor. 

SUMMARY OF THE INVENTION 

[0020] It is the object of the present invention to provide 
an e?icient, loW-cost but nevertheless ?exible concept for 
measuring a rotational frequency of a movable game device. 

[0021] In accordance With a ?rst aspect, the invention 
provides a device for measuring a rotational frequency of a 
movable game device using a high-frequency radio signal, 
the device including: 

[0022] a provider for providing a time-varying radio 
antenna receive signal; and 

[0023] a detector for detecting a loW-frequency frequency, 
Which has been modulated onto the high-frequency radio 
signal, using the time-varying radio antenna receive sig 
nal, 

[0024] the loW-frequency frequency of the time-varying 
radio antenna receive signal representing the rotational 
frequency of the movable game device. 

[0025] In accordance With a second aspect, the invention 
provides a method of measuring a rotational frequency of a 
movable game device using a high-frequency radio signal, 
the method including the steps of: 

[0026] providing a time-varying radio antenna receive 
signal; and 

[0027] detecting a loW-frequency frequency, Which has 
been modulated onto the high-frequency radio signal, 
using the time-varying radio antenna receive signal, 

[0028] the loW-frequency frequency of the time-varying 
radio antenna receive signal representing the rotational 
frequency of the movable game device. 

[0029] In accordance With a third aspect, the invention 
provides a movable game device including: 

[0030] a radio antenna for providing a time-varying radio 
antenna receive signal having a high-frequency carrier 
portion and a loW-frequency modulation portion; 

[0031] a selector for extracting the loW-frequency modu 
lation portion; and 

0032 an interface for out uttin the selected loW-fre P g 
quency modulation portion. 

[0033] In accordance With a fourth aspect, the invention 
provides a computer program having a program code for 
performing the method of measuring a rotational frequency 
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of a movable game device using a high-frequency radio 
signal, the method including the steps of: 

[0034] providing a time-varying radio antenna receive 
signal; and 

[0035] detecting a loW-frequency frequency, Which has 
been modulated onto the high-frequency radio signal, 
using the time-varying radio antenna receive signal, 

[0036] the loW-frequency frequency of the time-varying 
radio antenna receive signal representing the rotational 
frequency of the movable game device, 

When the program runs on a computer. 

[0037] The present invention is based on the ?ndings that 
one does not resort to the natural magnetic ?eld, Which for 
various locations on the earth deviates considerably and thus 
may cause the sensitivity problems, but that one Will resort 
to a radio hop, or radio ?eld, Which does not naturally exist 
but is created by man and exists, in suf?cient intensity, 
Wherever there is a need to employ movable game devices. 
Radio ?elds Which exist almost everyWhere are long-Wave 
?elds, medium-Wave ?elds, short-Wave ?elds or ultrashort 
Wave ?elds. In every more or less developed area, hoWever, 
there are not only such broadcast ?elds, but also higher 
frequency ?elds Which are even higher in energy, for 
example mobile communication ?elds. High-frequency 
mobile communication ?elds, just like broadcast and tele 
vision ?elds, have the property that they are radiated almost 
With circular radiation characteristic and thus are available 
Wherever the rotation of movable game devices is to be 
measured. Depending on the “carrier” ?eld intended, differ 
ent receive antennas may be installed Within the movable 
game device, all of Which, hoWever, have the property that 
they have hardly any Weight, are easy to implement and are 
cheap, particularly due to the high level of research/knoWl 
edge regarding radio antennas, and are even available on the 
market in one-chip solutions together With a corresponding 
front-end RF circuit. For loWer frequencies, ferrite antennas 
may be employed. For higher frequencies, dipole antennas 
may be employed Which are mounted, e.g., Within the ball, 
eg on the inside of the outer shell, or Which are mounted 
Within the ball itself. 

[0038] In accordance With the invention, one must simply 
evaluate the ?eld-strength variation of such an antenna in 
order to detect the rotational frequency, since almost every 
antennaiWhether one likes it or notihas a directivity 
characteristic and Will emit, When it is rotated in an existing 
electromagnetic radio ?eld, a higher or loWer ?eld strength 
depending on the orientation of the directivity characteristic 
of the antenna With the electromagnetic ?eld. 

[0039] This ?eld strength represents a variable Which is 
easy to measure and to process further, such as voltage or 
current at the output of the antenna, Whose envelope is to be 
detected in order to obtain the frequency of the envelope, 
Which is the same as the rotational frequency of the game 
device. By resorting, in accordance With the invention, to the 
radio ?eld Which exists Wherever movable game devices are 
to be measured With regard to the rotational frequency, all 
problems associated With the magnetic ?eld in terms of 
volume, Weight, sensitivity variations, etc., are solved. 

[0040] Antennas for detecting any Wavelength ranges 
desired for radio antennas exist in any siZes and may thus be 
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adapted to the siZe of the movable game device in any 
manner desired, since in each Wavelength range and, in 
particular, also in the high-frequency Wave range, at or 
above one GHZ, there is typically su?icient radio energy 
present on the basis of Which the rotation may be measured. 

[0041] Even if no ambient ?eld is present, the inventive 
detection device may nevertheless operate in a reliable 
manner When, using the game device Which is typically 
alWays communicated With an external transmitter via a 
radio interface, the external transmitter is given the instruc 
tion to generate a radio ?eld Whose modulation Will then 
simply be measured by the very same antenna of the 
movable game device With Which the movable game device 
communicates With the external device anyWay. Thus, a 
self-contained system may readily be implemented as an 
alternative to the open radio system, While no high-energy 
steps are required Within the movable game device. Within 
a closed system, it is only the external communication 
device that must transmit energy. When this is done by a 
clock, or Watch, or something similar, then the battery in this 
clock Will need replacing more often. Alternatively, hoW 
ever, one may also take an energy supply line ?xedly 
installed, e.g., at a sports ?eld, so that no battery operation 
Whatsoever Will be required. Even if battery operation is still 
necessary, a battery replacement and, in particular, utiliZa 
tion of accumulators is considerably easier and less costly 
than if a battery replacement Within the ball Would become 
necessary, Which is either not possible or may only be 
accomplished at high expense and at the price of a doWntime 
of the game device if the characteristics of the game device 
are not to be greatly in?uenced. 

[0042] Preferably, the mobile game device further com 
prises a shot-force measuring means based on the fact that 
a shot-force measurement Which is accurate, loW in main 
tenance and, at the same time, may be used in a ?exible 
manner may be achieved in that a time curve of an accel 
eration or a time curve of an internal pressure of a movable 

game device is provided so as then to process this time 
curve, speci?cally With the aim of obtaining a measure of 
energy Which depends on the energy transmitted to the 
object by the shot. In addition, a means for providing 
information about the force of the shot is provided Which 
uses the synergy measure for determining the force of the 
shot. Thus, What is performed is not direct speed measure 
ment but, in preferred embodiments, at the most an indirect 
speed measurement, to the effect that a temporal acceleration 
curve and a temporal pressure curve are detected, and that is 
these time curves, or temporal curves, are processed to 
obtain a measure of energy, that is some quantity Which is 
somehoW connected to the energy in a linear or non-linear 
or in some other manner. This measure is then used to 

provide force-of-shot information. This force-of-shot infor 
mation may be a quantitative value Which is, hoWever, free 
from units, eg on a scale between 1 and 10, or it may be a 
value on an open-ended scale, or it may be a value repre 
senting a force exerted on the movable game device at the 
time of the shot, or it may be an energy value, ie a value 
of the energy imparted on the movable game device at the 
shot. 

[0043] Alternatively, the shot force may also be an indi 
cation of length providing a measure of hoW far the ball 
Would have ?oWn, for example, if the ball had been shot at 
an optimum angle and Without any rotation. Such a shot 
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force result is interesting, in particular, for ball sports such 
as soccer or American football, since to the players there, a 
measure of length, for example hoW far a pass or kickout 
Will have gone, means more than quantitative values or 
physical force or energy units. HoWever, for a comparison 
With other players, the non-unit quantitative scale is highly 
interesting, Whether it is ?nite or open-ended. 

[0044] In preferred embodiments, ball contacts are also 
detected. Here, various components may be employed for 
both tasks. To this end, the use of tWo signals having 
different signal speeds is ideal to achieve a robust but 
nevertheless ef?cient and accurate detection of a contact 
With a movable device. Thus, a detector Within the movable 
device, eg in a football, detects Whether an object, such as 
a player’s leg, is located in the vicinity of the football. This 
is effected, for example, by pressure, acceleration or vibra 
tion measurement or by non-contact measurement. 

[0045] Once a detection has been made to the effect that 
the object is located in the vicinity of the movable device, 
the transmitter module is controlled to transmit tWo signals 
having different signal speeds. A receiver device connected 
to the object Will detect the ?rst signal and then Wait for a 
certain time period for reception of the second signal having 
a loWer signal speed. If the signal having the loWer signal 
speed is detected Within the predetermined time period 
Which starts upon reception of the ?rst, fast signal, it shall be 
assumed that the object Which has received both the ?rst 
and, Within the predetermined time period, also the second 
signal, Was in contact With the movable device. This is 
re?ected in that a detector Which has detected reception of 
the second signal Within the predetermined time period 
provides a detector output signal, a memory subsequently 
storing the fact that there has been a detector output signal, 
i.e. that it is very likely for a ball contact to have occurred. 
Alternatively or in addition, an absolute moment in time at 
Which the detector signal has occurred may be stored in the 
memory, so that When one thinks of a football match, a 
sequence of moments result Which may then, eg after a 
match or during a match, be read out to ascertain, as a 
function thereof, hoW many ball contacts a player had, or 
generally speaking; hoW many contacts an object had With 
the movable device. 

[0046] If one assumes that, e.g., several football players 
are near a ball, the fast signal Will be detected by several 
receiver devices. HoWever, if the predetermined time dura 
tion is selected such that it is very likely that really only that 
receiver device Which is located closest to the movable 
device can receive the second signal Within the predeter 
mined time period, While receiver devices Which are more 
remote Will also receive the second signal, but only after the 
predetermined time duration has expired, no ball contact 
Will be registered for those players. 

[0047] By setting the predetermined time duration in the 
receiver devices Worn, or carried, by the player, it is thus 
possible to set the accuracy and/or the range to be detected. 
For this purpose, no access to the ball itself is required. 

[0048] In addition, the use of tWo signals of different 
speeds alloWs to dispense With any complicated and, thus, 
failure-prone electronics in the ball itself. One only needs to 
make sure that the ball has a proximity detector Which 
operates in a contact-controlled or non-contact manner and 
Which Will then control the transmission of the tWo signals 
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of different delay times. Thus, no complicated electronics 
are required Within the ball itself, Which is a considerable 
advantage in particular since the forces and accelerations 
acting on the ball may be huge, so that there is a very rough 
environment for there to be an electronic system Within the 
ball. 

[0049] On the receiver side, no personal identi?cation or 
the like is required, Which is of considerable advantagei 
particularly if one considers that What is dealt With here is a 
mass product, i.e. that may players are to be provided With 
receiver devicesisince thus, all receiver devices may oper 
ate in an identical manner and do not require any speci?c 
identi?cation, Which also renders the receiver devices 
simple and loW in or even completely free from mainte 
nance. In addition, a simple and robust structure also ensures 
safety from tampering. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0050] These and other objects and features of the present 
invention Will become clear from the folloWing description 
taken in conjunction With the accompanying draWing, in 
Which: 

[0051] FIG. 1 is a schematic sketch of a pitch including a 
movable device and several objects provided With receivers; 

[0052] FIG. 2 depicts a player With a football as an 
example of a movable device; 

[0053] FIG. 3 is a schematic system sketch; 

[0054] FIG. 4a is a more detailed vieW of the functional 
groups Within the movable device; 

[0055] FIG. 4b is a more detailed representation of the 
transmitter module of FIG. 4a; 

[0056] FIG. 5a is a block diagram representation of the 
receiver device; and 

[0057] FIG. 5b is a more detailed representation of the 
receiver device of FIG. 5a; 

[0058] FIG. 6a depicts a qualitative schematic curve of the 
acceleration over time during a shot; 

[0059] FIG. 6b depicts a qualitative curve of the speed 
over time during a shot; 

[0060] FIG. 6c shows a qualitative curve of the force 
exerted on the movable game device during a shot, 

[0061] FIG. 6d shoWs a qualitative curve of the force as a 
function of the distance covered, the force being exerted on 
a movable game device during a shot; 

[0062] FIG. 6e shoWs a preferred allocation table betWeen 
the energy measure and the force of the shot; 

[0063] FIG. 7 shoWs a qualitative curve of the internal 
pressure of a movable game device; 

[0064] FIG. 8 shoWs a group of straight lines for deter 
mining the shot force using the idle-state internal pressure as 
the parameter; 

[0065] FIG. 9 shoWs a schematic block diagram of the 
device for measuring a force of shot exerted on a movable 

game device; 
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[0066] FIG. 10 shows a How diagram for a preferred 
force-of-shot measurement by means of a temporal pressure 

curve; 

[0067] FIG. 11 shows a schematic block diagram of the 
inventive concept for measuring a rotational frequency of a 
movable game device; 

[0068] FIG. 1211 shows a spectrum of a radio-antenna 
receive signal prior to selection; 

[0069] FIG. 12b shoWs a spectrum of the radio-antenna 
receive signal after the selection; 

[0070] FIG. 13 is a schematic representation of the orien 
tation of tWo receive antennas With directivity characteristics 
Which have different directions of maximum sensitivity; 

[0071] FIG. 14 depicts a scenario on a football pitch 
comprising various transmitters, such as broadcast transmit 
ters, mobile telephones or other radio transmitters; 

[0072] FIG. 15 is a ?owchart of the communication Within 
a self-contained system; and 

[0073] FIG. 16 is a block diagram of a preferred imple 
mentation of the assembly Within the mobile game device. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0074] To improve one’s skills in a ball game or to be able 
to compare oneself to other players, objective data must be 
obtained in a simple manner. This data must be visualiZed 
such that a training feedback or a comparison to other 
players is possible. To this end, respective components are 
provided Within the game device, and, if need be, a data 
detection device including a display unit is provided. 

[0075] In a loW-cost system, recognition of a person 
cannot be effected via delay times of the radio signals. To 
this end, the incoming radio signals Would have to be 
compared to a highly accurate time reference. Also, a 
netWork Would have to be built Within Which all times 
measured are compared to determine that player Who is 
closest to the ball. Therefore, one concludes, from the 
transmission of a radio signal and an acoustic signal, as to 
Who had the last ball contact. 

[0076] By measuring the forces acting on the game device, 
one may also infer the shot force or the rotational speed of 
the game device. If this entails an energy observation, the 
individual player can learn to control his/her in?uence on the 
game device. 

[0077] Further advantages result from the further claims 
and subclaims and from the folloWing description. 

[0078] Before the invention Will be described in detail, it 
shall be pointed out that it is not limited to the particular 
components of the device or to the procedure discussed, 
since these components and methods may vary. The expres 
sions used here are merely intended to describe particular 
embodiments, and are not used by Way of limitation. If the 
singular form or inde?nite articles are used in the description 
and in the claims, they also relate to the plural form of these 
elements, unless the overall context clearly indicates other 
Wise. The same applies in the opposite direction. 

[0079] FIG. 3 shoWs a schematic system sketch. In par 
ticular, it shoWs a device for detecting the force and/or 
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motion ratios on a game device 7, such as a ball, an assembly 
15 being provided in the ball Which is populated With several 
electronic components. Instead of the assembly, the elec 
tronic components may also be disposed on the ball’s jacket, 
for example on the inside, or be suspended Within the center 
of the ball. 

[0080] At least one of the folloWing electronic compo 
nents is provided Within the game device: 

[0081] a transmitter 4 for acoustic or ultrasonic Waves for 
transmitting an acoustic signal, 

[0082] 
[0083] 
[0084] 
[0085] 
[0086] 
[0087] The electronic components are in connection With 
a receiver 2 via transmitter 4 for the acoustic or ultrasonic 
Waves, or at least via a radio transmitter 3, for example via 
radio 1, for example to transfer the data detected by the 
electronic components. In addition, a microcontroller 11 is 
provided for processing the data. This data can then be 
transferred to a data detection device 12. An evaluation unit 
13 is provided for evaluating the data detected Which is 
presented, if need be, on a display unit 14. Data detection 
device 12 preferably is associated With at least one player 6, 
preferably hoWever With all players of a game to thereby 
perform a localiZation, for example, of the nearest player, as 
Will be explained later on. 

a pressure sensor 10, 

an acceleration sensor, 

at least one Hall sensor 16, 

at least tWo magnetoresistive sensors, 

at least tWo coils. 

[0088] For some games, such as in a football match, it is 
often interesting to knoW Who had the most ball contacts. To 
determine this, one must ascertain, during the ball contact, 
Who has touched the ball. 

[0089] In a loW-cost system, recognition of the person 
cannot be performed via delay times of the radio signals. To 
this end, the arriving radio signals Would have to be com 
pared With a highly accurate time reference, and a netWork 
Would have to be built Wherein all measured times are 
compared in order to determine that player Who is located 
closest to the ball. Alternatively, the ?eld strength of the 
transmitter at the ball could be used to estimate a distance. 
HoWever, this is imprecise. 

[0090] To keep cost loW, the delay time of sound. is 
measured Within the device. To this end, game device 7 
emits, When recognizing a force being exerted upon it, an 
acoustic signal as a sound or ultrasound by a transmitter 4. 
At the same time, a radio transmitter 3 transmits a radio 
signal. The receiver 2 of a data detection device associated 
With player 6 registers the acoustic signal and also the radio 
signal. The time difference yields the distance from the ball. 
As soon as the radio signal is recogniZed, the acoustic signal 
is aWaited to arrive for 5 ms. If an acoustic impulse is 
recogniZed Within this time period, one may assume that 
receiver 2 of the data detection device 12 associated With 
player 6 is spaced aWay from the ball by 1.5 meters at a 
maximum. It is then very likely that this player has touched 
the ball. Preferably, each player 6 carries, or Wears, such a 
receiver. The number of acoustic impulses recogniZed is 
counted and displayed. Using this information and the hour 
of the event, one may then determine, in a subsequent 



US 2007/0059675 A1 

interplay of all data of all data detection units 12, hoW many 
ball contacts a player 6 had. It is even possible to make 
statistic statements about hoW successful passes Were, since 
the target of a pass may be determined by a time comparison. 
This may be used to detect the following, for example: 

[0091] Who lost the ball hoW many times to the opponent? 

[0092] Were the ball contacts constant over the playing 
time and Was there a drop in performance? 

[0093] Who played hoW many passes to Whom? 

[0094] HoW often did a move pass several players of the 
same team? 

[0095] The evaluation unit 13 thus has a means for evalu 
ating Whether an acoustic signal of transmitter 4 for the ball 
or ultrasonic Waves arrives Within a predetermined time 
period after the arrival of the radio signal. 

[0096] A device for measuring a shot force exerted on a 
movable game device is depicted in FIG. 9. The device 
includes a means 90 for providing a time curve of an 

acceleration or an (internal) pressure of a movable game 
device, the time curve occurring When there is an impact on 
the game device caused by a shot. 

[0097] Depending on the type of sport, the object acting 
upon the movable game device is a tennis racket, a leg of a 
football player, a hand of a handball player, a table tennis 
paddle, etc., if the movable game device is a ball. Because 
of the fact that an object acts upon the movable game device 
Within the framework of a shot, an acceleration is exerted 
upon the movable game device Wh1Chi1I being assumed 
that the movable object Was at rest beforeiWas Zero, and 
Which, at a time tO at Which the object hits the game device, 
Will suddenly increase and Will decrease, as is shoWn in FIG. 
6a, until a time t 1 at Which the movable game device leaves 
the object that has impacted the movable game device. 

[0098] This drop at time tl may be more or less abrupt, or 
the case may occur Where the acceleration curve a(t) rela 
tively “softly” approximates the value of Zero, at Which a 
constant speed is achieved Which Will become negative at 
some point in time due to the deceleration caused by air 
friction. The deceleration of the movable game device due to 
friction or catching objects is initially irrelevant to the 
force-of-shot measurement, or is to be taken into account in 
dependence on the de?nition of the force of the shot. The 
latter case Will occur When, for example, a distance over 
Which a football Would ?y is indicated in meters as the force 
of the shot. Then, the deceleration of the game device by air 
friction Would have to be taken into account, speci?cally it 
Would have to be taken into account on the basis of the 
energy measure When calculating the information about the 
force of the shot. 

[0099] Speci?cally, the device depicted in FIG. 9 includes 
a means 92 for processing the time curve of the acceleration 
or the time curve of the internal pressure to obtain an energy 
measure Which depends on an energy imparted onto the 
object by the shot. This energy measure may be, e.g., the 
speed at time tl exerted upon the movable game device by 
the shot. Such a situation is shoWn in FIG. 6b. If it shall be 
assumed, again, that the object Was at rest at time to, its 
speed Will increase due to the acceleration exerted at time to, 
and Will rise up until time t1. At time t1, for example, the 
football leaves the football player’s leg, and a maximum 
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speed vmax is reached Which Will then decrease again due to 
air friction. The instantaneous velocity at time t betWeen t0 
and t1 may readily be currently calculated by the equation 
shoWn on the right-hand side of FIG. 6b. 

[0100] HoWever, a preferred energy measure is the maxi 
mum speed at time t1, since this energyiapart from a 
potential energy Which Will typically be negligibleiis the 
energy transferred by the player onto the game device. If the 
player has transferred a lot of energy, his/her force of shot is 
high. If, on the other hand, the player has transferred little 
energy, his/her force of shot Was loW, provided that for both 
cases other circumstances of the game device, for example 
the internal pressure, are comparable, as Will be explained in 
detail later on With reference to FIG. 8. 

[0101] Thus, means 92 may calculate, for example, the 
maximum speed as an energy measure, or may even calcu 
late, using the ball mass, the energy associated With the 
maximum speed and referred to as Emax. 

[0102] The device depicted in FIG. 9 further comprises a 
means 94 for providing information about the shot force on 
the basis of the energy measure. The functionality of means 
94 Will be explained With reference to FIG. 6e and may in 
this case be simply an allocation table Which maps the 
energy measure calculated to a scale betWeen, e.g., l and 10, 
as in the case of FIG. 6e, or to an open-ended scale or to a 
tendency indication. 

[0103] A tendency indication Would consist in that a 
comparison of the current energy measure With a previously 
determined energy measure Which Was associated With 
another player is performed so as to be able to state, as the 
tendency indication, i.e. as information about the shot force, 
that the shot force of the current player Was larger, equal to 
or smaller than the shot force of the previous player. 

[0104] Mapping the energy measure to force-of-shot infor 
mation in such a manner may be conducted using any energy 
measures desired, i.e. even in the event that the force as is 
depicted in FIG. 60 as a curve over time is evaluated. Thus, 
the force curve is proportional to the acceleration curve, to 
be precise With the mass of the movable game device as the 
proportionality constant. The curve of the force over time 
also provides an energy measure Which could be calculated, 
for example, by integrating the force over time. 

[0105] Alternatively, as is shoWn in FIG. 6d, the direc 
tional force exerted on the ball may also be measured as a 
function of the locus on Which the ball moves during the 
shot. Thus, the force at the location point ><=0, at Which the 
ball is located before it is hit by the player’s leg, Will 
increase to a high value Which Will fall doWn to a certain 
value. The ball leaves the player’s foot at the location point 
so on the locus, so that no more driving force is exerted on 
the ball, but only deceleration forces Which are present due 
to the air friction and Which, hoWever, are not taken into 
account in FIG. 6d. 

[0106] Thus, an energy measure also represents the inte 
gration of the force measured (acceleration) across the locus 
covered by the ball. The locus may be measured, for 
example, at the same time With the acceleration sensor 
Within the ball if the acceleration sensor is an acceleration 
sensor Which operates in a three-dimensional manner and is 
sensitive in terms of direction. Alternatively, the locus of a 
projectile may also be calculated in different manners, such 
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as by using highly accurate satellite- or ground-based posi 
tioning systems or by accessing predetermined tables. HoW 
ever, micromechanical positioning systems using vibrating 
gyroscopes may also be employed for determining the locus 
so as to be able to numerically evaluate the integral depicted 
in FIG. 6. 

[0107] However, the preferred embodiment of the present 
invention is to provide a pressure sensor Within the movable 
game device. When the movable game device is shot, it 
could have a pressure curve as is qualitatively depicted in 
FIG. 7. At a time to, the object hits the movable game device, 
Which Will lead to a pressure increase in the movable game 
device, since the movable game device is deformed by the 
object impacting the movable game device. This pressure 
increase Will then increase up to a maximum pressure Pmax 
and Will then decrease again so as to diminish again doWn 
to the pressure at rest around time tl Which is characteriZed 
in that the movable game device has no more contact With 
the object. 

[0108] It has thus been found out that the integral regard 
ing the pressure change, i.e. the area ?ll Within the area 
shaded in FIG. 7, is connected to the energy exerted on the 
ball, so that the time curve of the pressure may advanta 
geously be employed for determining the force of the shot. 

[0109] The utiliZation of a pressure sensor is particularly 
advantageous, compared to an acceleration sensor, since the 
pressure sensor may be con?gured in a simple manner and 
to be robust, in comparison With an acceleration sensor 
Which, e.g., has large masses of bending beams. In addition, 
it is inherent for a pressure sensor not to emit a directional 
quantity, but to emit a non-directional quantity if it is 
arranged Within the movable game device, Which in accel 
eration sensors could only be achieved by expensive provi 
sion of an acceleration sensor array Which must be sensitive 
in three spatial directions. On the other hand, one single 
pressure sensor is su?icient to provide a pressure curve of 
the internal pressure of the movable game device. 

[0110] Thus, utiliZation of a pressure sensor provides a 
maintenance-free, robust and, at the same time, loW-cost 
possibility of measuring the pressure curve Within a movable 
game device and of obtaining force-of-shot information, as 
Will be set forth later on With reference to FIGS. 8 and 10. 

[0111] In a preferred embodiment of the present invention, 
the pressure curve over time is integrated betWeen t0 and t1, 
speci?cally in accordance With the equation as is shoWn in 
FIG. 7. This shoWs that What is integrated is not the absolute 
pressure curve, but the curve of the pressure change in 
comparison to the pressure at rest, p0. HoWever, it Would 
also be possible to integrate the absolute pressure curve so 
as then to subtract area 97 folloWing the integration. This 
results simply from the product of time duration At and the 
pressure at rest. 

[0112] As may be seen from FIG. 8, the shot force is 
highly dependent on the level of the pressure at rest. This 
result from FIG. 8 on the basis of the various parameter 
curves, one parameter curve 97 being plotted for a small 
pressure at rest, p0, Whereas a different parameter curve is 
plotted for a high pressure pO at 98. In particular, the x axis 
of the group of curves of FIG. 8 represents the integrated 
pressure change as a measure of the energy., i.e.icalculated 
in physical unitsia measure Which has (Pascalxseconds) as 
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a unit. In illustrative terms, area 96 of the curve shoWn in 
FIG. 7 is plotted over the x axis. If one assumes a ball having 
a small internal pressure, a force-of-shot value Will result 
along the straight line depending on hoW hard the ball Was 
hit, i.e. hoW high the shot force is. If, on the other hand, a 
highly in?ated ball is used for playing, a very much higher 
force of shot has been obtained as a measure of the energy, 
With the same integrated pressure change, in comparison 
With curve 97. This is due to the fact that a highly in?ated 
ball is deformed only to a small degree even by a very hard 
shot, Whereas a ball in?ated to a very small degree is 
deformed by a relatively soft shot already, the deformation 
corresponding to the integrated pressure change. 

[0113] Alternatively or in addition, the maximum pres sure 
Pmax of the pressure curve over time may also be determined 
by means 92 of FIG. 9. Speci?cally, one may assume, for 
simpler evaluations, that the curve of the pressure over time, 
i.e. the manner in Which the shot impacts the object, is 
assumed to be roughly the same for all shots, such that then 
solely the maximum value Will be decisive. In this case, a 
group of straight lines Would be provided Which is similar to 
the group of curves in FIG. 8 but Which Would not have, as 
the x axis, an integrated pressure change as the measure of 
the energy, but the maximum pressure. 

[0114] As another alternative, one could also determine 
the time duration of the curve of the pressure deviation 
Which, if typical pressure curves are taken to be approxi 
mately the same With regard to their shapes, is also a 
measure of the energy imparted on the game device during 
the shot. 

[0115] In a preferred embodiment of the present invention, 
the internal pressure at rest pO is initially determined in a step 
100, as is depicted in FIG. 10. This determination may either 
occur prior to or after the shot and is used to select one of 
the curves in the group of curves of FIG. 8. In addition, the 
pressure change is integrated over time in a step 102, 
speci?cally from time tO to time t1, using the temporal 
pressure curve p(t) determined in a step 101. Thus, the 
integration regarding the pressure change or regarding the 
pressure deviation from the pressure at rest, set forth in step 
102, provides the energy measure Which Will then be used to 
determine a value on the parameter curve selected. Prefer 
ably, the access made to a table comprising a group of curves 
is conducted, in a step 103, such that a three-dimensional 
table is given Which comprises groups of three values, a ?rst 
value of the group of three being the pressure at rest p0, a 
second value of the group of three being the integrated 
pressure change, and a third value then being the shot force 
as is plotted on the y axis of FIG. 8. This force-of-shot 
information is provided by step 103. When comparing FIG. 
9 and FIG. 10, it is obvious that steps 100 and 101 are 
performed by means 90, that step 102 is performed by means 
92, and that step 103 is performed by means 94. 

[0116] Depending on the implementation of the system, 
i.e. on the diversity required, information about the type of 
game device Which is fed in at 104 may also be taken into 
account in step 103. For example, the shot force may depend 
on Whether the ball is a tennis ball or a football. In addition, 
the shot force Will vary from brand to brand. This is relevant 
particularly When the “ideal range” of the ball, Which Will 
then also depend on the surface of the ball, is taken as the 
shot force. A smoother surface of the ball has a smaller air 
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resistance, so that With the same energy transmitted, the shot 
forceimeasured in metersiWill be higher than that of a 
ball having a rougher surface. Nevertheless, both force-of 
shot results depend on the energy imparted on the ball, and 
additionally depend on the type of game device fed in via 
line 104. 

[0117] Depending on the implementation, all or only some 
of the components shoWn in FIG. 9 Will be arranged Within 
the game device itself or Within a central device located at 
a distance from the game device. 

[0118] In the ?rst embodiment of such a system, only an 
acceleration sensor or a pressure sensor con?gured to store 
a time curve of acceleration or pressure Will be located 
Within the game device itself. This time curve of accelera 
tion or pressure may then be transferred, eg via a radio 
transmitter, to a receiver Which could be present With the 
player in the form of a Watch, for example. Alternatively, the 
ball need not necessarily have a radio sensor but may have 
an output interface Which, When the ball is placed into a 
speci?cally con?gured docking station, Will read out the 
stored curves of acceleration or pressure. Then, the process 
ing in block 92 and the provision of force-of-shot informa 
tion in block 94 Would take place in an external station, such 
as the player’s Watch or in a central receiving station on a 
football pitch, etc. 

[0119] Alternatively, both the functionality of means 90 
and means 92 may be integrated into the ball, and the ball 
already supplies the energy measure to an external receiving 
station. This results in that less data must be transferred from 
the ball to the outside, but that more processor poWer is 
required Within the game device. 

[0120] Alternatively, all means 90, 92, 94 may be imple 
mented Within the mobile game device, so that only the 
information about the shot force is indicated by the ball even 
in a direct manner, or is output via an output interface Which 
may be, e.g., a radio interface or a contact interface. 

[0121] The system depicted in FIG. 9 also includes the 
functionality of the external receive interface 6 if only one 
sensor is present Within the ball and if the ball outputs the 
time curve of the acceleration or internal pressure. Then, 
means 90 for providing a time curve of acceleration or 
internal pressure of FIG. 9 is an input interface of the 
external calculator Which additionally also comprises means 
92 and means 94. 

[0122] For example, the device for measuring the shot 
force may be arranged and implemented fully Within the 
mobile game device or fully outside the game device or 
partly Within and partly outside the mobile game device. 

[0123] In this sense, the method for measuring a force of 
shot exerted on the movable game device in such a partial 
implementation both includes the game device and the 
evaluation device or only the game device or only the 
evaluation device. 

[0124] The game device thus provides detection of the 
shot force and the ?ying speed of a game device 7 Which 
may be determined therefrom. Thus, in a football game there 
is often the question of Who has the “hardest” shot. In 
particular for this embodiment, but also for the other 
embodiments there is the possibility of integrating the 
evaluation unit 13 also into the assembly 15 Within the game 
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device 7. A sensor measuring the shot force may be mounted 
in game device 7. This sensor is preferably a pressure sensor 
10 or an acceleration sensor. The information of this sensor 

is measured by an internal microcontroller and transferred, 
for example, to display unit 14 on data detection device 12 
of the player. For determining the shot force, it is necessary 
to measure the energy the ball has been imparted during the 
shot. To this end, the evaluation unit 13 has means for 
detecting the pressure, determined by pressure sensor 10, 
over time or for detecting the acceleration detected by the 
acceleration sensor. In addition, provision is made for cal 
culating means for calculating the force applied to ball 7 on 
the part of player 6 using the pressure curve or acceleration 
curve. 

[0125] With the acceleration sensor, the acceleration is 
measured directly and reported to the microcontroller Within 
game device 7. Said microcontroller calculates the force that 
has acted upon the ball from the knoWn mass of the ball and 
the acceleration measured. These calculations also include 
the aerodynamics and the time curve of the energy trans 
ferred to the ball. The calculation comprises not only trans 
ferring the overall energy to the evaluation unit 13, but also 
comprises transferring the time curve of the energy trans 
ferral to the ball. 

[0126] In the alternative use of a pressure sensor 10, one 
measures hoW the internal pressure of the ball increases 
during a shot. These pressure changes and the associated 
time curve alloW the microcontroller Within the ball to 
determine the force that has been exerted on the ball. Using 
the pressure measurement, it is possible to ascertain hoW 
much the ball Was deformed. The higher the level of 
deformation, the larger the shot force. To this end, the peak 
value and the pressure curve of the internal pressure are 
measured using pressure sensor 10. Using a group of curves, 
the energy supplied to the ball is measured. For example, the 
group of curves may be determined in advance in a empirical 
manner, by means of a shooting system and is different for 
each type of ball. 

[0127] Then the shot force may be determined in very 
accurately from the energy transferred and the time curve. 
Beside the shot force, the overall energy may also be 
displayed. This alloWs to obtain information about the type 
of shot. Thus, the ball may be played With much more 
precision on an even energy supply. Thus, if the duration of 
the energy supply is displayed additionally, for Which pur 
pose additional detection means may be provided, this may 
also be trained. 

[0128] The energy may be used to infer the ?ying speed 
the ball has obtained. To this end, the Weight and aerody 
namics of the ball are taken into account. The ?ying speed 
determined is the value that is reached When the ball may ?y 
olf freely after the shot. In addition to the action of force, the 
time of the ball being hit, and the time of the ball touching 
doWn may also be determined using pressure sensor 10 
and/or the acceleration sensor. By means of the force infor 
mation and the time duration of the ?ight, it is quite readily 
possible to calculate the distance the ball must have ?oWn. 

[0129] In addition to the above implementations of ball 
contact detection or of shot force measuring, or as an 
alternative to these concepts, the inventive rotation mea 
surement concept is implemented Which, if it is imple 
mented on its oWn, requires all of the components described 














