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Description

[0001] Embodimentsofthe presentinvention generally
relate to elastically deformable items of sports equip-
ment, such as inflatable balls, for example, and more
particularly to elastically deformable items of sports
equipment comprising at least one deformable electro-
magnetic coil structure arranged around a curved surface
within the item of sports equipment.

Background

[0002] An electromagnetic coil, or simply a coil, is
formed when an electrical conductor, such as e.g. a cop-
per wire, is wound to create an inductive or electromag-
netic element. Thereby the wire may also be wound
around a core or form. One loop of wire may be referred
to as aturn, and a coil comprises one or more turns. Coils
serving as inductors are widespread in electronic circuits
as a passive two-terminal electrical component that
stores energy in its magnetic field. For example, coils
may be used for realizing transformers for transferring
energy from one electrical circuit to another by inductive
coupling without moving parts. Also, coils may be used
to build resonant circuits comprising serial and/or parallel
arrangements of inductors and capacitors. In some ap-
plications coils may also serve as antennas or antenna-
like elements for detecting electromagnetic fields, such
ase.g.inRadio Frequency Identification (RFID) or similar
applications.

[0003] In one of such applications, for example, it is
proposed to detect a transition of amoving playing object,
such as a ball or a puck, through a detection plane (e.g.
agoal plane) using electromagnetic fields and/or signals.
In some ball sports, as e.g. soccer or football, the usage
of automated goal-detection systems is discussed in or-
der to avoid human wrong decisions. Thereby the so-
called goal-line technology is a technology, which can
determine when the ball has crossed the goal line, as-
sisting the referee in calling a goal or not. There are var-
ious alternative approaches for determining the exact po-
sition or location of the ball, such as video-based or elec-
tromagnetic field based systems. In an electromagnetic
field based system a moving object, such as a ball, may
be equipped with electronic circuitry for transmitting
and/or receiving and/or reflecting electro-magnetic sig-
nals. For such electromagnetic approaches electronic
components are required inside the ball, wherein the size
ofthe electronics may differ depending onits functionality
and the used frequency range. For small and medium-
sized systems the electronic may be installed within the
ball's center, for example. For goal-detection systems
requiring more area and volume, as e.g. for systems us-
ing magnetic fields in the sub-MHz range, the required
loop antennas and/or the further electronic components
may be installed on the circumference of the ball.
[0004] For achieving detection properties which are
possibly rotationally invariant, one goal-detection system
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proposes to install three orthogonally placed coils or loop-
antennas within or on a moving object, e.g., a ball, for
emitting or reflecting at least a portion of an electromag-
neticfield. Due to this orthogonal arrangement of the coils
the rotational position of the ball only has little influence
on the electromagnetic emission or reflection properties,
as in theory the three orthogonal loop-antennas always
amount to an effective loop-antenna, whose effective
opening surface is perpendicular to an incident magnetic
field coming from a transmitter installed at or near the
goal. That is to say, the normal of the effective opening
surface is essentially parallel to the magnetic field vector.
[0005] For a correct functioning, i.e. high precision, of
goal-detection systems electromagnetic properties of the
ball or a puck are a crucial criterion. In one exemplary
goal-detection system 800 (see Fig. 8a) a magnetic field
H may be generated by means of a current-carrying con-
ductor embracing a goal frame 802. The generated mag-
netic field His thereby perpendicular to a detection plane
804 defined by the goal frame 802. This stimulating mag-
netic field H is reflected by the ball 806, wherein the re-
flected signal _H)B should generate the same directional

vector as the stimulating field H (due to the ball electron-
ics with a shifted phase). The geometric accuracy of the
reflected signal directly influences the measurement re-
sult and, hence, the accuracy of the goal decision.
[0006] The detection system 800 is based on three or-
thogonal coils 808-1, 808-2, and 808-3 in the ball 806
(see Fig. 8b). Each of the coils 808-1, 808-2, and 808-3
may comprise a plurality of turns which may, for example,
be inserted in between the ball bladder and the ball hull
or cover. For avoiding any irregularities in the ball hull
the inserted coils 808-1, 808-2, and 808-3 should be rath-
er flat between the ball bladder and the ball hull (i.e. the
ball cover). Hence, the windings or turns of the coil should
be arranged possibly side-by-side along the circumfer-
ence of the ball 806.

[0007] EP 2 189 193 A1 describes a bladder for an
inflatable ball, in particular a soccer ball, having an elec-
trical wiring wherein the wiring is at least partially ar-
ranged along a bladder wall.

[0008] The fabrication of items of sports equipment or
playing equipment, such as balls, being equipped with
more or one coils or loop-antennas, in particular arranged
on its circumference, is relatively cumbersome. Further-
more, the exact positioning of the coils within or around
the ball is crucial. It is desirable to provide a concept of
how the atleast one coil or loop antenna may be designed
and how itmay be integrated into the item of sports equip-
ment in order to withstand mechanical and/or elastic de-
formations of the deformable item of sports equipment,
for example, when hit from a player or shot against an
obstacle, such as a goal frame, for example.

Summary

[0009] Forbestsystem performance of an electromag-
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netic field based goal detection system preferably three
essentially mutually orthogonal loop antennas or electro-
magnetic coils may be integrated into an item of sports
equipment, which may be an air inflatable ball, according
to some embodiments, such as a soccer ball. Normally
such an air inflatable ball, like a football or a handball,
comprises at least an outer ball cover, i.e., a ball hull,
and an inner ball bladder underneath the ball cover. It is
also possible to add additional material between the cov-
er and bladder to protect the bladder from outside im-
pacts, as, for example, stitches or the like. Although em-
bodiments of the present invention are also applicable
to playing equipment other than balls, the principles of
the present invention will be predominantly explained
with respect to air inflatable balls.

[0010] A reflected electromagnetic signal from the in-
tegrated loop antennas or coils in a ball depends on the
circumference or diameter of the at least one loop anten-
na in the ball. That is to say, the higher the loop diameter
the higher will be the signal strength of a reflected signal
and the better will be a detection rate of an electromag-
netic field based goal detection system. As a conse-
quence, in order to obtain a possibly high loop antenna
diameter, the one or more loop antennas in the ball
should be fitted to an outer shape of the ball. This may
be done by placing a loop antenna in form of an electro-
magnetic coil directly under the ball cover, between the
ball cover and bladder or an additional protection tissue,
or inside the ball bladder next to the inner wall of the
bladder. However, when doing this, an elastic deforma-
tion of the ball comprising cover and bladder may be di-
rectly transferred to the integrated electromagnetic coils.
Without any countermeasures the coils may be damaged
in case of elastic ball deformations.

[0011] Hence, embodiments of the present invention
aim to provide coils which can withstand or adapt to elas-
tic deformations of a ball, and items of sports equipment
in general. For that purpose the at least one electromag-
netic coil structure integrated into the elastically deform-
able item of sports equipment may be designed such that
the electromagnetic coil structure has an elongation re-
serve (expansion buffer) corresponding to a maximum
elastic deformation of the item of sports equipment.
[0012] The invention relates to an elastically deforma-
ble sports equipment item as claimed in claim 1.

[0013] Accordingly, according to a first aspect of the
presentinvention it is provided an elastically deformable
item of sports equipment, in particular an air inflatable
ball, comprising at least one deformable electromagnetic
coil structure arranged around a curved surface within
the item of sports equipment, wherein the at least one
deformable electro-magnetic coil structure has an elon-
gation or expansion reserve corresponding to a maxi-
mum elastic deformation or a resulting expansion of the
item of sports equipment. An elastic deformation of the
item of sports equipment or playing equipment may result
from a player hitting the playing equipment or the playing
equipment itself hitting an obstacle, such as a goal frame,
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for example.

[0014] As mentioned before, embodiments are not
strictly restricted to balls. Generally, an item of sports
equipment may be understood as any movable playing
object or equipment. Therefore also an ice hockey puck
may be understood as an item of sports equipment in the
context of this specification, for example. That is to say,
the item of sports equipment may belong to the group of
a soccer ball, an American football ball, a Rugby ball, a
basketball, a handball, a volleyball, a tennis ball, a golf
ball, a billiard ball, a bowling ball, or a puck. Note that
this exemplary list is not to be understood as being con-
clusive. Principles of the present invention may also be
transferred to other items of sports equipment or playing
equipment.

[0015] The at least one electromagnetic coil structure
may comprise at least one turn of an electromagnetic coil
orloop antenna. Typically, the electromagnetic coil struc-
ture will comprise more than one turns of a coil. In a pre-
ferred embodiment the electromagnetic coil structure
comprises at least three electromagnetic coils arranged
mutually perpendicular or orthogonal to each other within
the item of sports equipment, e.g. ball. In particular, in
some embodiments, the three electromagnetic coils may
be arranged on a common flexible and flat Printed Circuit
Board (PCB) on a spherical surface within the item of
sports equipment, e.g., in between a ball bladder and a
ball hull or cover of the ball.

[0016] Hence, a flexible and preferably elastic coil or
loop antenna integrated with the sports equipment may
be based on flexible electronics, also referred to as flex
circuits. This is a proven technology for assembling elec-
tronic circuits by mounting electronic devices on flexible
plastic substrates, such as polyimide, PolyEther Ether
Ketone (PEEK), thermoplastic polyurethane (TPU), or
polyester. Such flexible plastic substrates may also be
elastic allowing for elastic expansion and contraction of
the flexible coil. Flexible electronic assemblies may be
manufactured using the same components used for rigid
Printed Circuit Boards (PCBs), allowing a flexible PCB
to conform to a desired shape, or to flex during its use.
According to embodiments the desired shape of the flex-
ible PCB is that of a coil or a loop-antenna. Flexible print-
ed circuits (FPC) can be made with standardized and
exact photolithographic technology, for example. Ac-
cording to embodiments conductive pathways, tracks or
signal traces, e.g. etched from at least one copper sheet
(conductive layer) laminated onto a non-conductive flex-
ible non-conductive substrate (e.g. polyimide, PEEK,
TPU, polyester, etc.), may function as one or more turns
of aflexible coil. Also, electronic circuits on a flexible PCB
may be constructed by standardized Surface-Mount
Technology (SMT), which is a method electrical compo-
nents are mounted directly onto the surface of PCBs.
[0017] The curved surface within the item of sports
equipment may, in an undeformed or non-deformed con-
dition of the item, be a spherical surface having a circum-
ference, wherein a length of at least one turn of the coil
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structure may be larger than said circumference in some
embodiments to allow for said elongation reserve. For
example the curved surface may be the inner or outer
surface of a ball bladder or the inner or outer surface of
a ball cover. That is to say, some embodiments of the
present invention suggest integrating electromagnetic
coils into the item of sports equipment, which preferably
have a higher circumference than the item of sports
equipment itself. This can be realized in various ways.
[0018] As the coils typically consist of electrically con-
ductive material like copper, silver or aluminium, the elas-
ticity of the coil itself is quite lower than the elasticity of
a ball cover, a ball bladder, or a protection tissue. On the
other hand, the stiffness of the coils acts against the de-
formation of the ball and the dynamic behavior of the ball
can heavily be influenced. For that purpose some em-
bodiments suggest meandering or zigzag patterns of
windings of the at least one coil structure. That is to say,
the length of the at least one turn of the coil structure
being larger than the circumference of the spherical sur-
face may be realized by meandering the electrical con-
ductor of the coil lateral to a circumferential direction.
That is to say, an electric conductor of the at least one
deformable electromagnetic coil structure may be ar-
ranged in a meandering or zigzag pattern around the
curved surface of the item of sports equipment.

[0019] Inone embodiment the electric conductor of the
at least one deformable electromagnetic coil structure
may be meandered lateral to the circumferential direction
along the curved surface in order to obtain a transversal
meandering scheme of the coil. Thereby, the transversal
direction is to be understood as a direction extending
lateral from a main extending direction of a turn of the
coil, wherein the main extending direction may be under-
stood as the circumferential direction. That is to say, the
transversal direction may be understood as a tangential
direction embracing a right angle with the circumferential
direction.

[0020] In an alternative embodiment the electric con-
ductor of the at least one deformable electromagnetic
coil structure may be meandered radially to the circum-
ferential direction along the curved or spherical surface
in order to obtain a longitudinal meandering structure.
That is to say, in the longitudinal meandering structure
the displacement of the electric conductor is in radial di-
rection. Whereas the transversal meandering scheme
leads to aratherradially flat coil structure, the longitudinal
meandering scheme leads to a coil structure which has
a non-negligible radial extension as the meander struc-
ture is rotated essentially by 90° compared to the trans-
versal meandering scheme.

[0021] In some embodiments it may be beneficial to
place or embed the at least one deformable electromag-
netic coil structure into an elastic and/or flexible carrier
material for better supporting the meandered shape of
the coil structure in the playing equipment. Such a con-
struction, which helps to protect a meandered coil from
being expanded e.g. by normal air pressure of the sports
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object, may be placed between an inner bladder and an
outer cover of the sports object. Thereby the elastic
and/or flexible embedment material, which may be rub-
ber or a similar material, is preferably be stiff enough to
keep its form or geometry under normal air pressure of
the air inflated ball, but which is also flexible enough to
transfer ball compressions caused by hitting the ball or
shooting the ball against a goal frame, for example.
[0022] According to an alternative embodiment of the
presentinvention an electric conductor of the atleast one
deformable electromagnetic coil structure may be formed
onto an elastically deformable and/or flexible substrate.
For example, an aforementioned meandering or zigzag
coil structure may be placed onto or integrated into an
elastically deformable and/or flexible substrate, as, for
example, a stretchable rubber band or a stretchable elas-
tic textile band. In the latter case the electric conductors
of the coil structure may be woven into the flexible/elastic
textile band, for example.

[0023] In other embodiments of the present invention
the elongation reserve of the electromagnetic coil struc-
ture may also be accomplished by employing elastic elec-
tric conductors, such that the elastic or stretchable con-
ductors themselves may act similar to rubber bands
placed around the curved or spherical surface within the
item of sports equipment. In this case it is possible to
arrange the electric conductors around the curved or
spherical surface without the aforementioned meander-
ing or zigzag coil structure. For example, such elastic
conductors may be based on silver nanowire conductors
or carbon nanotubes to get stretchable electromagnetic
coils for the electromagnetic coil structure. Additionally,
such elastic conductors may be placed on a stretchable
substrate for better support and guidance properties of
the flexible coils.

[0024] As has been explained before, the item of sports
equipment may be an inflatable ball having a ball bladder
and a ball cover or hull, wherein the at least one deform-
able electro-magnetic coil structure may be arranged in
between the ball bladder and the ball cover in some em-
bodiments. In other embodiments, the at least one de-
formable electromagnetic coil structure may also be ar-
ranged within the ball bladder or underneath the surface
of the ball bladder. It is even possible to arrange the at
least one deformable electromagnetic coil structure on
the outer surface of the ball coverin some embodiments.
[0025] The item of sports equipment may comprise
means for fixing a position of the at least one deformable
electromagnetic coil structure on the curved surface un-
derneath a cover of the item of sports equipment. There-
by the means for fixing may be realized by using seams
/ threads of a ball cover or dedicated fixation straps ar-
ranged around the curved surface in regular distances.
The fixation straps may be adhesive according to some
embodiments.

[0026] In some embodiments it may be beneficial to
integrate more electrical components together with the
at least one coil in the item of sports equipment. For ex-



7 EP 2 877 252 B1 8

ample, capacitive or resistive components may be inte-
grated together with the coil structure, for example, for
implementing one or more resonant circuits in the item
of sports equipment. Thatis to say, in some embodiments
the elastically deformable item of sports equipment may
further comprise at least one capacitive element coupled
to the atleast one deformable electromagnetic coil struc-
ture to form a resonant circuit for a predetermined fre-
quency or frequency range. For example, the frequency
range may be in the sub-megahertz region, i.e., 10 kHz
to 150 kHz. This may be particularly interesting for back-
scatter coupling concepts, wherein antennas installed at
the goal may be inductively coupled with one or more
coils in the ball via backscattering. Thereby backscatter-
ing (inductive coupling) uses the electromagnetic power
transmitted by a transmitter to energize the electronics
in the ball. Essentially the ball may reflect back some of
the transmitted power, but change some of the proper-
ties, and in this way also may send back information to
the transmitter. In some embodiments the at least one
capacitive element may be integrated into a cover of the
item of sports equipment or into a cover patch thereof.
This may allow for an efficient manufacturing process
and for good resonant properties.

[0027] According to a further aspect of the present in-
vention itis provided a method for manufacturing an elas-
tically deformable item of sports equipment, in particular
an air inflatable ball, comprising a step of arranging at
least one deformable electromagnetic coil structure
around a curved surface within the item of sports equip-
ment, such that the at least one deformable electromag-
netic coil structure has an elongation reserve corre-
sponding to a maximum elastic deformation of the item
of sports equipment.

[0028] Hence, embodiments of the present invention
suggest solutions to the problem of how the at least one
coil has to be designed and how it can be integrated into
the ball to withstand the mechanical deformation of the
ball when hit from a player or shot against the goal frame.

Brief description of the Figures

[0029] Some embodiments of apparatuses and/or
methods will be described in the following by way of ex-
ample only, and with reference to the accompanying fig-
ures, in which

Fig. 1 schematically illustrates a ball having integrat-
ed a deformable electromagnetic coil struc-
ture with a circumference which is larger than
a circumference of the ball;

schematically illustrates a ball having integrat-
ed a deformable electromagnetic coil struc-
ture with transversally meandered electrical
conductors;

schematically illustrates a ball having integrat-
ed a deformable electromagnetic coil struc-
ture with longitudinally meandered electrical

Fig. 2a

Fig. 2b
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conductors;

Fig. 3 shows a ball comprising supporting pads be-
tween a coil structure and an outer ball cover;

Fig. 4 illustrates an elongation of the circumference
of a ball upon mechanical deformation;

Fig. 5 illustrates a ball with coil loops, fixation straps
and a resonance capacitor integrated into a
cover patch;

Fig. 6a  schematically shows some coil fixation exam-
ples,

Fig. 6b illustrates a cross section of a coil composition
according to an embodiment;

Fig. 7 illustrates an example for fixing a tuning ca-
pacitor at a ball cover;

Fig. 8a illustrates a principle of a goal detection sys-
tem; and

Fig. 8b illustrates three coils placed orthogonally un-

derneath a ball surface.

Description of Embodiments

[0030] Various example embodiments will now be de-
scribed more fully with reference to the accompanying
drawings in which some example embodiments are illus-
trated. In the figures, the thicknesses of lines, layers
and/or regions may be exaggerated for clarity.

[0031] Accordingly, while example embodiments are
capable of various modifications and alternative forms,
embodiments thereof are shown by way of example in
the figures and will herein be described in detail. It should
be understood, however, that there is no intent to limit
example embodiments to the particular forms disclosed,
but on the contrary, example embodiments are to cover
all modifications, equivalents, and alternatives falling
within the scope of the invention. Like numbers refer to
like or similar elements throughout the description of the
figures.

[0032] It will be understood that when an element is
referred to as being "connected" or "coupled” to another
element, it can be directly connected or coupled to the
other element or intervening elements may be present.
In contrast, when an element is referred to as being "di-
rectly connected" or "directly coupled" to another ele-
ment, there are no intervening elements present. Other
words used to describe the relationship between ele-
ments should be interpreted in a like fashion (e.g., "be-
tween" versus "directly between," "adjacent" versus "di-
rectly adjacent," etc.).

[0033] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of example embodiments. As used
herein, the singular forms "a," "an" and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood
that the terms "comprises," "comprising," "includes"
and/or "including," when used herein, specify the pres-
ence of stated features, integers, steps, operations, ele-
ments and/or components, but do not preclude the pres-
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ence or addition of one or more other features, integers,
steps, operations, elements, components and/or groups
thereof.

[0034] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which example embodiments belong. It
will be further understood that terms, e.g., those defined
in commonly used dictionaries, should be interpreted as
having a meaning that is consistent with their meaning
in the context of the relevant art and will not be interpreted
in an idealized or overly formal sense unless expressly
so defined herein.

[0035] Fig. 1 schematically shows an item of sports
equipment in form of a ball 100, according to an embod-
iment of the present invention.

[0036] The ball 100, for example a soccer ball, may be
an air inflatable ball. This means that it is elastically de-
formable when hit by a player or by an obstacle. Under-
neath an outer ball cover 102 the ball 100 comprises a
deformable electromagnetic coil structure 104 which is
arranged around a curved surface 106 within the ball
100. As can be seen, the electromagnetic coil structure
104 has a circumferential extension which is longer or
larger than the circumference of the ball 100 or its outer
cover 102. Due to the larger circumferential extension of
the coil structure 104 it has an elongation reserve for
compensating elastic deformations (e.g. compressions
and/or expansions) of the ball 100.

[0037] Inthe embodiment shown in Fig. 1 the electro-
magnetic coil structure 104 is fixed to the ball cover 102
by regularly spaced fixation elements 108, which may be
seams of the ball cover 102 or some fixation straps ar-
ranged around the curved surface 106 in regular distanc-
es. The curved surface 106 may be, in an undeformed
condition of the ball 100, a spherical surface having a
certain circumference, wherein a length of at least one
turn of the coil structure 104 is larger than the circumfer-
ence of the curved surface 106 or the ball 100. As will
become apparent the curved surface 106 may, for ex-
ample, be a surface of an inner ball bladder or an (inner)
surface of the ball cover 102.

[0038] In some embodiments a section 110 of the coil
structure 104 in between two adjacent fixation elements
108 may be located within the ball 100 relatively loosely
or unstructured. In other word, the conductor section 110
may extend unguided in between adjacent fixation ele-
ments 108. However, as it will become apparent in the
following, it may be preferable to provide or foresee a
guiding structure for the turns of the coil structure 104.
[0039] Fig. 1 only illustrates a side view of one coil.
However, the coil structure 104 may comprise at least
three deformable electromagnetic coils preferably ar-
ranged mutually perpendicular to each other around the
curved surface 106 to form at least three loop antennas
in the ball 106. The resulting loop antennas may then
interact with an electromagnetic field based goal detec-
tion system for detecting whether the ball 100 has
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crossed a goal line or not, for example.

[0040] Although the embodiment of Fig. 1 is well con-
formant to the principles of the present invention, more
preferable embodiments with respect to goal detection
accuracy qualities will be explained in the following.
[0041] Fig. 2a shows a schematic top view of further
embodiment of a ball 200 having an outer ball cover 202
and comprising, underneath the ball cover 202, at least
one deformable electromagnetic coil structure 204 which
is arranged around a curved surface, e.g. a surface of a
ball bladder, within the ball 200. In the embodiment of
Fig. 2a the deformable electromagnetic coil structure 204
also has an elongation reserve corresponding to a max-
imum possible mechanical deformation of the air inflat-
able ball 200. Here, the elongation reserve in circumfer-
ential direction is realized by providing electric conduc-
tors of the deformable electromagnetic coil structure 204
being arranged in a meandering or zigzag pattern around
the curved surface. Due to the meandered winding struc-
ture of the electromagnetic coil structure 204, which ex-
emplarily comprises three parallel meandered windings
according to Fig. 2a, the extension of the coil structure
204 in circumferential direction is larger than that of the
ball 200. To be able to follow or compensate any elastic
mechanical deformations of the ball up to a maximum
extend, the meandered coil structure 204 may be provid-
ed on or placed onto an elastically deformable and/or
flexible substrate 216. Thereby the elastic or stretchable
substrate 216 may be a flexible and elastic PCB, a
stretchable rubber-like band or a stretchable elastic tex-
tile band, for example, carrying the electric conductors
of the coil structure 204. Meandering the coil structure
104 lateral to the circumferential direction, e.g. along the
surface of aninnerball bladder (transversal meandering),
provides arelatively broad but flat coil construction which
can easily be integrated between the ball cover 202 and
the inner bladder or any other layer in between.

[0042] Fig. 2b schematically depicts a side view of an-
other exemplary embodiment of the present invention.
[0043] A ball 250 having an outer ball cover layer 252
comprises a deformable electromagnetic coil structure
254 having one or more electric conductors being me-
andered radially to the circumferential direction 255 along
or around a spherical surface of the ball (e.g. surface of
ball bladder) to obtain a longitudinal meandering struc-
ture. Meandering of the at least one coil 254 radially along
the circumference of the ball 250 (longitudinal meander-
ing) results in a thicker coil construction compared to the
broad but flat coil construction of Fig. 2a. However, the
coil construction of Fig. 2b should preferably be protected
from getting radially compressed by the normal inner ball
pressure when it is put between the ball cover 252 and
the ball bladder 256 or any other layer in between.
[0044] In an alternative embodiment the meandering
of the electric conductors of the coil structures 204, 254
could also be realized in both directions, i.e., transversal
and longitudinal. The resulting coil structure would then
be similar to a circumferential spiral.
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[0045] In some embodiments it may be advantageous
to protect a radially meandered coil structure 254 from
being expanded or compressed by the normal air pres-
sure of the ball 250. In one embodiment a protection
mechanism could be to put the electromagnetic coil struc-
ture 254 inside the ball bladder 256. In such an embod-
iment the coil structure 254 is only exposed to the inner
air pressure of the ball 250 and may not be compressed
due to pressure differences between the inside and the
outside of the ball. The coil structure 254 may then be
fixed on a few, at least three, points around the circum-
ference of the bladder 256 in order to stay in a predefined
position within the ball 250.

[0046] Additionally or alternatively the coil structure
254 may be molded into an elastic and/or flexible em-
bedment material for supporting the longitudinally or ra-
dially meandered shape of the coil structure 254. Thereby
the longitudinally or radially meandered coil structure 254
may be embedded into rubber or a similar embedment
material, which is, on the one hand, stiff enough to keep
its radial thickness under normal air pressure conditions
ofthe ball 250 but which is, on the other hand, also flexible
enough to absorb or transfer elastic ball compressions
or expansions caused by hitting the ball or shooting the
ball against on obstacle. A resulting molded coil construc-
tion may be placed between the ball bladder 256 and the
ball cover 252 according to some embodiments.

[0047] When putting the longitudinally or radially me-
andered coil structure 254 between the ball cover 252
and the ball bladder 256 also additional individual sup-
porting pads could radially support the coil 254 and pre-
vent its radial compression in some embodiments. The
supporting pads may be made from rubber or a similar
material and should preferably be stiff enough to not be-
ing radially compressed by normal air pressure of the ball
250. However, they should be able to absorb the addi-
tional elongation of the coil structure due to elastic ball
deformations. An embodiment with a longitudinally or ra-
dially meandered coil structure supported radial support
pads is schematically illustrated by Fig. 3.

[0048] Fig. 3 shows a ball 300 having a ball cover 302
made of a plurality of cover patches 308. The cover patch-
es 308 may be kept together by threads or seams 310.
Between the outer ball cover 302 and an inner ball blad-
der it is provided a longitudinally or radially meandered
coil structure 304. The ball comprises a plurality of radial
support pads 312 for preventing radial compression of
the coil structure 304. For that purpose a radial extension
of the regularly spaced support pads 312 may be at least
as large as a radial extension of the radially meandered
coil structure 304. In that way the support pads 312 may
actadistance keeping elements between the ball bladder
306 and the ball cover 302.

[0049] For longitudinally or radially meandered coil
structures the windings of the coil(s) and/or the substrate
or carrier material in which the coil windings are embed-
ded does need not to be flexible with respect to its radial
thickness. Moreover, the windings and the carrier mate-
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rial may be quite stiff such that they can transfer an elon-
gation force due to a mechanical deformation to the sup-
port pads 312 and compress them. In one embodiment
of the invention the fixation elements or supports could
be seams 310 of the ball's cover patches 308. The cover
patches’ 310 seams are stiff enough to stay in their po-
sition during normal ball pressure conditions but can be
compressed by additional mechanical forces due to ball
compression.

[0050] Optionally the ball 300 may also comprises
means for fixing a position of the at least one deformable
electromagnetic coil structure 304 on the curved surface
underneath the ball cover 302. Thereby the means for
fixing may comprise the seams 310 of the cover 302 or
other fixation elements arranged on the circumference
of the curved surface of the ball bladder 306 or the cover
302 in regular distances, similar to the elements 108
shown in Fig. 1.

[0051] Fig. 4 shows an example where ball 200 hits a
wall or a flat surface, i.e., an obstacle 400. When the ball
200 hits the flat surface 400, the ball 200 is elastically
deformed or compressed in the direction of an acting
force 402. The mechanical compression cannot be com-
pletely compensated and the ball 200 expands in other
directions 404 orthogonal to the direction of acting force
402. If the coil structure 204, i.e. its opening surface, is
parallel to the impact surface of obstacle 400, as shown
inFig. 4, the expanding force 402 affects the coil structure
204 and elongates it in vertical direction 404. Due to the
coil structure’s elongation reserve the coil structure 204
may participate in said expansion without any damages.
[0052] Besides its stretching or deformation capabili-
ties the electromagnetic coil structure may be fixed quite
precisely inside the ball. In particular, when three coils
are used which have to be essentially perpendicular to
each other, an appropriate fixation of the coil structure
within the ball may be advantageous. Thereby the coil
fixation should fulfill the following requirements:

e The coil structure or the individual coils thereof
should be kept as close as possible to the outer
shape of the ball (i.e., close to inner cover or bladder
wall) for a maximum circumference of the coil struc-
ture;

* A coil should also not be able to essentially move in
transversal direction;

*  The orthogonality of the three coils of the coil struc-
ture should be sustained; and

* A coil should be free to move in direction of its wind-
ings, in i.e. longitudinal or circumferential direction.

[0053] To fulfill these requirements correspondingly
designed fixation flaps can be used, which may be at-
tached to the cover or bladder of the ball. A coil may be
fed through the flaps for free movement in longitudinal
or circumferential direction. Instead of several flaps a cir-
cumferential tube for a coil may also be used.

[0054] Fig. 5showsanembodiment ofa ball 500 hous-
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ing a deformable electromagnetic coil structure 504
which comprises a first coil 504-1 and a second coil
504-2. The two coils 504-1 and 504-2 are essentially or-
thogonal to each other. Thereby an "orthogonally arrang-
ing" of coils may be understood as arranging the two or
more coils such that linearly extending conductor paths
of two different coils are essentially perpendicular to each
other at their points of intersection. Another definition
could be that the surface normals of opening surfaces of
the coils are essentially perpendicular to each other. In
order to have defined and fixed intersection points be-
tween to different coils special fixation elements for or at
the intersection points may be provided, such as lugs,
feed-throughs or the like. In Fig. 5 a third coil, which is
arranged orthogonally to the other two coils 504-1 and
504-2, respectively, may be present as well. As can be
seen from Fig. 5, the electro-magnetic coil structure 504
or the individual coils 504-1, 504-2 thereof may be fixed
absolutely and relatively in their positions by one or more
fixation straps 514, respectively. Thereby the fixation
straps 514 may fix the coils 504-1, 504-2 to the inner ball
bladder 506 and/or to the inner surface of the ball cover
502. The fixation straps 514 are thereby configured to
prevent the displacement of the coils 504-1, 504-2 in
transversal direction relative to the curved surface of the
bladder 506 or the cover 502. Also, the fixation straps
514 are configured to allow a free movement of the coils
504-1, 504-2 in their respective circumferential or longi-
tudinal direction along the curved surface of the bladder
506 or the cover 502. Furthermore, the mutual orthogo-
nality of the coils 504-1 and 504-2 may essentially be
kept due to the use of the fixation straps 514.

[0055] Inapreferred embodiment of the presentinven-
tion the fixation straps 514 may be used to fix the coils
504-1, 504-2 to or onto cover patches 508 when mounted
between the cover 502 and the bladder 506. In some
embodiments of the straps 514 may have the same width
d as the elastic coil substrate or band 516, such that no
or only little transversal movement of the coils 504-1,
504-2 is possible. Note, that one or more tuning capac-
itors connected to the coil structure 504 may be foreseen.
[0056] Fig. 6a and 6b show two embodiments related
to the fixation of the electromagnetic coil 504 to the ball
cover 502 and/or the ball bladder 506 using fixation straps
514. Thereby the fixation straps 514 may be fixed to the
ball cover 502 and/or the ball bladder 506 by means of
an adhesive material 600. That is to say, the fixation
straps 514 may be glued to the surface of a ball cover
patch 508 or the ball bladder 506. In the embodiment
depicted in the upper Fig. 6a the coil structure 504 is
completely surrounded by the fixation strap 514. That is
to say, the fixation strap 514 forms a loop around the coil
structure 504, wherein the whole loop structure of the
fixation strap 514 is adhered to the ball cover 502 or ball
bladder 506. In the embodiment of lower Fig. 6a the fix-
ation strap 514 acts as a one-side cover for covering the
coil structure 504. In this embodiment the electromag-
netic coil structure 504 is placed in between the fixation
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strap 514 and the surface of the ball cover 502 or the ball
bladder 506. Thereby the fixation strap 514 may be ad-
hered to the ball cover 502 or ball bladder 506 on both
sides (left and right) of the coil structure 504.

[0057] In Fig. 6b a cross section of one embodiment
of a coil structure 604 is shown schematically. The coil
structure 604 comprises conductive windings 605 made
of electrically conductive material like copper, silver or
aluminium. The coil structure 604 also comprises bottom
and/or top cover substrates 607 which may be fixed or
attached to the windings 605 by means of an adhesive
layer 609, respectively. That is to say, according to some
embodiments the windings 605 may be laminated be-
tween the bottom and top cover substrates 607.

[0058] Insome cases it might be necessary to tune the
electromagnetic coil structure to a certain resonance fre-
quency of a goal detection system, for example, to a fre-
quency of 125 kHz. For that purpose a stray capacitance
of the coil structure can be sufficient, however, an addi-
tional dedicated capacitive element may also be neces-
sary. Hence, according to some embodiments the elas-
tically deformable item of sports equipment, e.g. a ball,
may further comprise at least one capacitive element
coupled to the at least one deformable electro-magnetic
coil structure to form a resonant circuit for a predeter-
mined frequency, e.g. in the range of 10 kHz to 150 kHz.
As capacitive elements or capacitors are often made of
ceramic or similar material, they have to be better pro-
tected than the inductive coil structure. For that purpose,
some embodiments of the present invention suggest to
integrate at least one capacitive element into a patch of
a ball cover.

[0059] Fig. 7 shows an embodiment for the fixation of
a tuning capacitor 700. A case or protection ring 720,
which may be made of flexible material like rubber, foam,
or a material similar to a cover patch material, may be
attached to an inner surface of a ball cover patch 708.
The radial extension of the case ring 720 may be high
enough and the case ring 720 may have a hole 722 with
a diameter big enough such that at least one passive
capacitor component 700 for resonance tuning of the coil
structure may be placed within the hole 722. The capac-
itor 700 may be connected to the coil structure and/or
other electronic components via connection wires 724
which may be soldered to corresponding connectors of
the capacitor 700. After having deposited the capacitor
700 in the hole 722 the latter may be filled with glue or
another molding material to fix the capacitor 700 and the
connection wires 724 within the case ring 720. The lower
cross-sectional view of Fig. 7 illustrates how the case
ring 720 housing the capacitor 720 may fit between the
ball cover 702 and the ball bladder 706. If the deformable
electromagnetic coil structure comprises more than one
electromagnetic coil, each of the plurality of electromag-
netic coils may be tuned separately to a predefined res-
onance frequency or frequency range by at least one
capacitor, respectively.

[0060] The description and drawings merely illustrate
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the principles of the invention. Although embodiments
have been illustrated with respect to goal-detection sys-
tems, alternative embodiments may also related to anti-
theft devices (e.g. the insertion of flexible coils into or
onto goods), further sports, like e.g. ice hockey. Also,
embodiments may be useful for surveying safety areas,
for example by integrating flexible and flat coils in shoes
or the like.

[0061] Furthermore, all examples recited herein are
principally intended expressly to be only for pedagogical
purposes to aid the reader in understanding the principles
of the invention and the concepts contributed by the in-
ventor(s) to furthering the art, and are to be construed
as being without limitation to such specifically recited ex-
amples and conditions.

[0062] Furthermore, the following claims are hereby
incorporated into the Detailed Description, where each
claim may stand on its own as a separate embodiment.
While each claim may stand on its own as a separate
embodiment, itis to be noted that - although a dependent
claim may refer in the claims to a specific combination
with one or more other claims - other embodiments may
also include a combination of the dependent claim with
the subject matter of each other dependent claim. Such
combinations are proposed herein unless it is stated that
a specific combination is not intended. Furthermore, it is
intended to include also features of a claim to any other
independent claim even if this claim is not directly made
dependent to the independent claim.

[0063] It is further to be noted that methods disclosed
in the specification or in the claims may be implemented
by a device having means for performing each of the
respective steps of these methods.

[0064] Further,itis to be understood thatthe disclosure
of multiple steps or functions disclosed in the specifica-
tion or claims may not be construed as to be within the
specific order. Therefore, the disclosure of multiple steps
or functions will not limit these to a particular order unless
such steps or functions are not interchangeable for tech-
nical reasons. Furthermore, in some embodiments a sin-
gle step may include or may be broken into multiple sub
steps. Such sub steps may be included and part of the
disclosure of this single step unless explicitly excluded.

Claims

1. An elastically deformable sports equipment item
(100; 200; 250; 300; 500), comprising:

atleast one deformable loop antenna (104; 204;
254; 304; 504) arranged around a curved sur-
face (106; 206; 256; 306; 506) within the item,
wherein the at least one deformable loop anten-
na has an elongation reserve corresponding to
a maximum elastic deformation of the item ,

wherein the item comprises means for fixing a
position of the at least one loop antenna (104;
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10.

204; 254; 304; 504) on the curved surface un-
derneath a cover (102; 202; 252; 302; 502) of
the item,

wherein the means for fixing comprises seams
(310) of the cover or fixation straps (514) ar-
ranged around the curved surface in regular dis-
tances.

Theitem (100;200; 250; 300; 500) according to claim
1, wherein a length of one turn of the loop antenna
(104; 204; 254; 304; 504) is larger than a circumfer-
ence of the item.

The item (200; 250; 300; 500) according to one of
the preceding claims, wherein an electric conductor
of the at least one loop antenna (204; 254; 304; 504)
isarranged in a meandering or zigzag pattern around
the curved surface (202; 206; 252; 256; 302; 306;
502; 506).

The item (200; 500) according to claim 3, wherein
the electric conductor of the atleast one loop antenna
(204; 504) is meandered lateral to circumferential
direction along the surface (202; 206; 502; 506) to
obtain a transversal meandering.

The item (250; 300) according to claim 3, wherein
the electric conductor of the atleast one loop antenna
(254; 304) is meandered radial to circumferential di-
rection along the surface (252; 256; 302; 306) to ob-
tain a longitudinal meandering.

The item (200; 250; 300; 500) according to one of
claims 3 to 5, wherein the electric conductor of the
at least one loop antenna (204; 254; 304; 504) is
molded into an elastic and/or flexible carrier material
for supporting the meandered shape of the loop an-
tenna.

The item (100; 200; 250; 300; 500) according to one
of claims 3 to 6, wherein the electric conductor of the
at least one loop antenna is formed onto an elasti-
cally deformable and/or flexible substrate (216; 516).

Theitem (100;200; 250; 300; 500) according to claim
7, wherein the elastically deformable and/or flexible
substrate (216; 516) is a flexible printed circuit board.

The item (100; 200; 250; 300; 500) according to one
of the preceding claims, wherein the at least one loop
antenna (104; 204; 254; 304; 504) comprises at least
one turn of an elastic electric conductor.

The item (100; 200; 250; 300; 500) according to one
of the preceding claims, wherein the item is a ball
having a ball bladder (256; 306; 506) and a ball cover
(102; 202; 252; 302; 502), and wherein the at least
one loop antenna is arranged between the ball blad-
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der and the ball cover.

The item (100; 200; 250; 300; 500) according to one
of the preceding claims, further comprising at least
one capacitive element (700) coupled to the at least
one loop antenna (104; 204; 254; 304; 504) to form
a resonant circuit for a predetermined frequency in
the range of 10 kHz to 150 kHz.

Theitem (100; 200; 250; 300; 500) according to claim
11, wherein the at least one capacitive element (700)
is integrated into the cover (702) of the item or into
a patch (708) thereof.

The item (100; 200; 250; 300; 500) according to one
of the preceding claims, wherein the at least one
deformable loop antenna (104; 204; 254; 304; 504)
is elastically deformable.

The item (100; 200; 250; 300; 500) according to one
of the preceding claims, comprising at least three
deformable electromagnetic coils arranged mutually
perpendicular to each other around the curved sur-
face to form at least three loop antennas in the item.

A method for manufacturing an elastically deforma-
ble sports equipment item (100; 200; 250; 300; 500),
the method comprising arranging at least one de-
formable loop antenna (104; 204; 254; 304; 504)
around a curved surface (106; 206; 256; 306; 506)
within the item, such that the at least one deformable
loop antenna has an elongation reserve correspond-
ing to a maximum elastic deformation of the item;
fixing a position of the at least one loop antenna (104;
204; 254; 304; 504) on the curved surface under-
neath a cover (102; 202; 252; 302; 502) of the item
by using seams (310) of the cover or fixation straps
(514) arranged around the curved surface in regular
distances.

Patentanspriiche

1.

Ein elastisch verformbarer Sportausriistungsgegen-
stand (100; 200; 250; 300; 500), umfassend:

zumindest eine verformbare Schleifenantenne
(104; 204; 254, 304; 504), die um eine gekrimm-
te Oberflache (106; 206; 256; 306; 506) inner-
halb des Gegenstandes angeordnet ist,

wobei die zumindest eine verformbare Schlei-
fenantenne eine Verlangerungsreserve auf-
weist, die einer maximalen elastischen Verfor-
mung des Gegenstandes entspricht,

wobei der Gegenstand ein Mittel zum Festlegen
einer Position der zumindest einen Schleifenan-
tenne (104; 204; 254; 304; 504) auf der ge-
krimmten Oberflache unterhalb einer Hiille
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(102; 202; 252; 302; 502) des Gegenstandes
umfasst,

wobei das Mittel zum Festlegen Nahte (310) der
Hulle oder Befestigungslaschen (514) umfasst,
die um die gekrimmte Oberflache in regelma-
Rigen Abstanden angeordnet sind.

Der Gegenstand (100; 200; 250; 300; 500) geman
Anspruch 1, wobei eine Lange von einer Windung
der Schleifenantenne (104; 204; 254; 304; 504) gro-
Rer ist als ein Umfang des Gegenstandes.

Der Gegenstand (200; 250; 300; 500) gemaR einem
der vorangehenden Anspriiche, wobei ein elektri-
scher Leiter der zumindest einen Schleifenantenne
(204; 254; 304; 504) in einem maanderférmigen oder
zickzackférmigen Muster um die gekrimmte Ober-
flache (202; 206; 252; 256; 302; 306; 502; 506) an-
geordnet ist.

Der Gegenstand (200; 500) gemaf Anspruch 3, wo-
beider elektrische Leiter der zumindest einen Schlei-
fenantenne (204; 504) lateral zu einer Umfangsrich-
tung entlang der Oberflache (202; 206; 502; 506)
maandert ist, um einen transversalen Maander zu
erhalten.

Der Gegenstand (250; 300) gemaf Anspruch 3, wo-
beider elektrische Leiter der zumindest einen Schlei-
fenantenne (254; 304) radial zu der Umfangsrich-
tung entlang der Oberflache (252; 256; 302; 306)
maandert ist, um einen longitudinalen Maander zu
erhalten.

Der Gegenstand (200; 250; 300; 500) gemaR einem
der Anspriiche 3 bis 5, wobei der elektrische Leiter
der zumindest einen Schleifenantenne (204; 254;
304; 504) in ein elastisches und/oder flexibles Tra-
germaterial zum Unterstlitzen der maanderten Form
der Schleifenantenne geformt ist.

Der Gegenstand (100; 200; 250; 300; 500) geman
einem der Anspriiche 3 bis 6, wobei der elektrische
Leiter der zumindest einen Schleifenantenne auf ein
elastisch verformbares und/oder flexibles Substrat
(216; 516) gebildet ist.

Der Gegenstand (100; 200; 250; 300; 500) geman
Anspruch 7, wobei das elastisch verformbare
und/oder flexible Substrat (216; 516) eine flexible
gedruckte Schaltungsplatine ist.

Der Gegenstand (100; 200; 250; 300; 500) geman
einem der vorangehenden Anspriiche, wobei die zu-
mindest eine Schleifenantenne (104; 204; 254; 304;
504) zumindest eine Windung eines elastischen
elektrischen Leiters umfasst.
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Der Gegenstand (100; 200; 250; 300; 500) geman
einem der vorangehenden Anspriiche, wobei der
Gegenstand ein Ball mit einer Ballblase (256; 306;
506) und einer Ballhille (102; 202; 252; 302; 502)
ist, und wobei die zumindest eine Schleifenantenne
zwischen der Ballblase und der Ballhiille angeordnet
ist.

Der Gegenstand (100; 200; 250; 300; 500) geman
einem der vorangehenden Anspriiche, ferner um-
fassend zumindest ein kapazitives Element (700),
das mit der zumindest einen Schleifenantenne (104;
204; 254; 304; 504) gekoppelt ist, um eine Reso-
nanzschaltung fiir eine vorbestimmte Frequenz in
dem Bereich von 10 kHz bis 150 kHz zu bilden.

Der Gegenstand (100; 200; 250; 300; 500) geman
Anspruch 11, wobei das zumindest eine kapazitive
Element (700) in das Hullenmaterial (702) des Ge-
genstandes oder ein Teilstlick (708) davon integriert
ist.

Der Gegenstand (100; 200; 250; 300; 500) geman
einem der vorangehenden Anspriiche, wobei die zu-
mindest eine verformbare Schleifenantenne (104;
204; 254; 304; 504) elastisch verformbar ist.

Der Gegenstand (100; 200; 250; 300; 500) geman
einem der vorangehenden Anspriiche, umfassend
zumindest drei verformbare elektromagnetische
Spulen, die perpendikular zueinander um die ge-
krimmte Oberflache angeordnet sind, um zumin-
dest drei Schleifenantennen in dem Gegenstand zu
bilden.

Ein Verfahren zum Herstellen eines elastisch ver-
formbaren Sportausriistungsgegenstandes (100;
200; 250; 300; 500), umfassend

Anordnen von zumindest einer verformbaren Schlei-
fenantenne (104; 204; 254; 304; 504) um eine ge-
krimmte Oberflache (106; 206; 256; 306; 506) in-
nerhalb des Gegenstandes, derart, dass die zumin-
dest eine verformbare Schleifenantenne eine Ver-
langerungsreserve aufweist, die einer maximalen
elastischen Verformung des Gegenstandes ent-
spricht;

Festlegen einer Position der zumindest einen Schlei-
fenantenne (104; 204; 254; 304; 504) auf der ge-
krimmten Oberflache unterhalb einer Hulle (102;
202; 252; 302; 502) des Gegenstandes durch Ver-
wenden von Nahten (310) der Hiille oder von Befes-
tigungslaschen (514), die um die gekrimmte Ober-
flache in regelmaRigen Abstanden angeordnet sind.

Revendications

1.

Elémentde I'équipement de sport élastiquement dé-

10

15

20

25

30

35

40

45

50

55

1"

formable (100 ; 200 ; 250 ; 300 ; 500), comprenant :

au moins une antenne cadre déformable (104 ;
204 ;254 ;304 ;504) disposée autour d’'une sur-
face courbée (106 ; 206 ; 256 ; 306 ; 506) a I'in-
térieur de I'élément,

dans lequel le au moins une antenne cadre dé-
formable comprend une réserve d’allongement
qui correspond a une déformation élastique
maximale de I'élément,

dans lequel I'élément comprend un moyen pour
fixer une position de la au moins une antenne
cadre (104 ; 204 ; 254 ;304 ; 504) sur la surface
courbée en dessous d'une enveloppe (102 ;
202 ; 252 ; 302 ; 502) de I'élément,

dans lequel le moyen pour fixer comprend des
joints (310) de I'enveloppe ou des pattes de fixa-
tion (514) disposés autour de la surface courbée
a distances régulieres.

Elément (100 ; 200 ; 250 ; 300 ; 500) selon la reven-
dication 1, dans lequel une longueur d’une spire de
I'antenne cadre (104 ; 204 ; 254 ; 304 ; 504) est su-
périeure a une circonférence de I'élément.

Elément (200 ; 250 ; 300 ; 500) selon l'une des re-
vendications précédentes, dans lequel un conduc-
teur électrique de la au moins une antenne cadre
(204 ; 254 ; 304 ; 504) est disposé autour de la sur-
face courbée (202 ;206 ;252 ;256 ;302 ;306 ;502 ;
506) en forme de méandre ou de zigzag.

Elément (200 ; 500) selon la revendication 3, dans
lequel le conducteur électrique de la au moins une
antenne cadre (204 ; 504) est serpenté latéralement
a la direction circonférentielle le long de la surface
(202 ; 206 ; 502 ; 506) pour obtenir un méandre
transversal.

Elément (250 ; 300) selon la revendication 3, dans
lequel le conducteur électrique de la au moins une
antenne cadre (254 ; 304) est serpenté radialement
a la direction circonférentielle le long de la surface
(252 ;256 ; 302 ; 306) pour obtenir un méandre lon-
gitudinal.

Elément (200 ; 250 ; 300 ; 500) selon l'une des re-
vendications 3 a 5, dans lequel le conducteur élec-
trique de la au moins une antenne cadre (204 ; 254 ;
304 ; 504) est moulé dans un matériau de support
élastique et/ou flexible pour soutenir le forme a
méandres de I'antenne cadre.

Elément (100 ; 200 ; 250 ; 300 ; 500) selon I'une des
revendications 3 a 6, dans lequel le conducteur élec-
trique de la au moins une antenne cadre est formé
surun substrat élastiquement déformable et/ou flexi-
ble (216 ; 516).
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Elément (100 ; 200 ; 250 ; 300 ; 500) selon la reven-
dication 7, dans lequel le substrat élastiquement dé-
formable et/ou flexible (216 ; 516) est une carte a
circuit imprimé flexible.

Elément (100 ;200 ; 250 ; 300 ; 500) selon I'une des
revendications précédentes, danslequel le au moins
une antenne cadre (104 ; 204 ;254 ; 304 ;504) com-
prend au moins une spire d’'un conducteur électrique
élastique.

Elément (100 ;200 ; 250 ; 300 ; 500) selon I'une des
revendications précédentes, dans lequel I'élément
estun ballon comprenant une vessie de ballon (256 ;
306 ; 506) et une enveloppe de ballon (102 ; 202 ;
252 ;302 ; 502), et dans lequel le au moins une an-
tenne cadre est disposée entre la vessie de ballon
et 'enveloppe de ballon.

Elément (100 ;200 ; 250 ; 300 ; 500) selon I'une des
revendications précédentes, comprenant en outre
au moins un élément capacitive (700) couplé a la au
moins une antenne cadre (104 ; 204 ; 254 ; 304 ;
504) pour former un circuit résonnant pour une fré-
quence prédéterminée entre 10 kHz et 150 kHz.

Elément (100 ; 200 ; 250 ; 300 ; 500) selon la reven-
dication 11, dans lequel le au moins un élément ca-
pacitive (700) est intégré dans I'enveloppe (702) de
I'élément ou dans une piece (708) de cette derniére.

Elément (100 ;200 ; 250 ; 300 ; 500) selon I'une des
revendications précédentes, danslequelle au moins
une antenne cadre déformable (104 ; 204 ; 254 ;
304 ; 504) est élastiquement déformable.

Elément (100 ;200 ; 250 ; 300 ; 500) selon I'une des
revendications précédentes, comprenant au moins
trois bobines électromagnétiques déformables dis-
posées mutuellement perpendiculaires les unes aux
autres autour de la surface courbée pour former au
moins trois antennes cadres dans I'élément.

Procédeé de fabrication d’'un élémentde 'équipement
de sport élastiquement déformable (100 ; 200 ;250 ;
300 ; 500), comprenant le fait de

disposer au moins une antenne cadre déformable
(104 ; 204 ; 254 ; 304 ; 504) autour d’'une surface
courbée (106 ; 206 ; 256 ; 306 ; 506) a l'intérieur de
I'élément, de sorte que le au moins une antenne ca-
dre déformable comprend une réserve d’allonge-
ment qui correspond a une déformation élastique
maximale de I'élément ;

fixer une position de la au moins une antenne cadre
(104 ; 204 ; 254 ; 304 ; 504) sur la surface courbée
en dessous d’une enveloppe (102 ;202 ; 252 ; 302 ;
502) de I'élément en utilisant des joints (310) de I'en-
veloppe ou des pattes de fixation (514) disposés
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autour de la surface courbée a distances réguliéres.
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