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(54) TELEMETRY SYSTEM FOR THE MOVEMENT ANALYSIS OF A DOWNHILL SKI DURING USE

(57) A telemetry system (1) for the movement anal-
ysis of a downhill ski during use comprising: at least one
mobile detection unit (2) which is adapted to be attached
onto the downhill ski (3), and is adapted to measure, con-
tinuously or cyclically, a series of physical quantities that
include the momentary acceleration and/or inclination of
the detection unit (2); and a remote electronic apparatus

Fig. 1

(4), that communicates wirelessly with each of the de-
tection units (2), so as toreceive a data stream containing
the measurements performed by each detection unit (2),
and is also provided with a user interface that is config-
ured so as to display the values of the physical quantities
measured by said mobile detection unit (2).
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This patent application claims priority from ltal-
ian patent application no. 102021000027707 filed on 28
October 2021, the entire disclosure of which is incorpo-
rated herein by reference.

TECHNICAL FIELD

[0002] The presentinventionrelates to atelemetry sys-
tem for the movement analysis of a downhill ski during
use.

[0003] More in detail, the present invention relates to
a telemetry system for the real-time movement analysis
of a downhill ski during a ski race, a use to which the
following disclosure will make explicit reference without
thereby losing generality.

BACKGROUND ART

[0004] As is known, during ski races, ski athletes go
down one at a time along the ski slope where the sport
competition takes place, and the ski athlete who travels
along said slope in the shortest time wins.

[0005] To date, the only information available about
the ski athlete’s sports performance during the ski race
is the total time taken to travel along the slope to the finish
line, and the various split times detected at predeter-
mined points on the slope.

SUMMARY

[0006] Aim of the presentinvention is to provide a sim-
ple and inexpensive detection system, easily and quickly
installable, which is capable of detecting in real time, dur-
ing the ski athlete’s descent along the ski slope and for
each participant in the ski race, a series of physical quan-
tities relative to the ski fitted during the descent.

[0007] According to these aims, according to the
present invention there is provided a telemetry system
for the real-time movement analysis of a downhill ski dur-
ing use as defined in Claim 1 and preferably, though not
necessarily, in any one of the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention will now be described
with reference to the appended drawings, which illustrate
a non-limiting embodiment thereof, wherein:

- Figure 1 is a schematic view of a remote detection
system for a downhill ski realized according to the
teachings of the present invention, with transparent
parts and parts removed for clarity’s sake;

- Figure 2 is a section view of the downhill ski shown
in Figure 1; whereas
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- Figure 3isaschematic view of the electronics mount-
ed on the downhill ski shown in Figures 1 and 2, with
parts removed for clarity’s sake.

DESCRIPTION OF EMBODIMENTS

[0009] With reference to Figures 1 and 2, number 1
denotes, as a whole, a telemetry system for the real-time
movement analysis of a downhill ski, which is configured
so as to be able to measure, in real time, a series of
physical quantities relative to the downhill ski during use,
i.e. during the descent along a ski slope.

[0010] In addition, the telemetry system 1 can be ad-
vantageously used to analyze a ski athlete’s performance
during a ski race, i.e. while the ski athlete descends with
the skis along the ski slope where the sports competition
is taking place.

[0011] Preferably, the physical quantities measured
moreover include the acceleration to which the skiis sub-
jected and/or the inclination of the ski with respect to a
predetermined inertial reference, in both cases meas-
ured in real time during the descent along the ski slope.
[0012] Inmore detail, the physical quantities measured
preferably include the acceleration along the roll and/or
pitch and/or yaw axes to which the ski is subjected during
the descent along the ski slope, and/or the values of the
roll angle and/or pitch angle and/or yaw angle of the ski
during the descent along the ski slope.

[0013] Preferably, the physical quantities measured
furthermore include the geographic position of the ski
(namely the values of latitude, longitude and altitude)
and/or the value of the ambient temperature around the
ski during the descent along the ski slope.

[0014] The telemetry system 1 comprises at least one
and more conveniently a plurality of mobile detection
units 2, and a remote electronic apparatus 4 which is
capable of communicating with each of the detection
units 2.

[0015] In more detail, each detection unit 2 is adapted
to be rigidly attached onto a generic downhill ski 3 so as
to form, with the latter, a single sport equipment 5 capable
of sliding over snow and/or ice.

[0016] In addition, each detection unit 2 is structured
so as to be able to measure, continuously or cyclically,
the values of a series of physical quantities, which include
the momentary acceleration to which the detection unit
2 is subjected and/or the momentary inclination of the
detection unit 2 with respect to a predetermined inertial
reference.

[0017] When firmly attached to the ski 3, each detec-
tion unit 2 is therefore capable of measuring/sampling
the momentary acceleration and/or inclination of the ski
3 while it is used to descend along any ski slope.
[0018] The remote electronic apparatus 4, in turn, is
structured to wirelessly communicate with each of the
detection units 2, so as to receive, preferably in real time,
a data stream containing the measurements performed
by each detection unit 2, and is also provided with a user
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interface that is configured to display, and optionally also
reprocess and/or compare, the values indicative of the
physical quantities separately measured by each mobile
detection unit 2.

[0019] Preferably, the user interface of the remote
electronic apparatus 4 is moreover programmed/config-
ured so as to also reconstruct and display the time course
of at least one and more conveniently all of the physical
quantities measured by each mobile detection unit 2.
[0020] In more detail, each detection unit 2 is prefera-
bly structured so as to measure, continuously or at more
or less regular intervals, the value of the acceleration to
which the detection unit 2 is subjected along a first triplet
of Cartesian reference axes. In addition or alternatively,
each detection unit 2 is preferably structured so as to
measure, continuously or at more or less regular inter-
vals, the value of the inclination of the detection unit 2
with respect to a second triplet of Cartesian reference
axes, preferably stationary in space.

[0021] Preferably, each detection unit 2 is moreover
adapted to be attached onto the ski 3 so that one of the
Cartesian axes of the first triplet of Cartesian reference
axes is substantially parallel to the longitudinal axis of
the ski 3.

[0022] Inaddition, one of the axes of said second triplet
of Cartesian reference axes is preferably substantially
vertical.

[0023] Therefore, each mobile detection unit 2 is pref-
erably structured so that it can measure, continuously or
at more or less regular intervals, the value of the accel-
eration to which the ski 3 is subjected along the axes of
roll, pitch and yaw of the ski, and/or the values of the roll
angle and/or pitch angle and/or yaw angle of the ski.
[0024] Preferably, each detection unit 2 is moreover
structured so as to determine, continuously or at more
or less regular intervals, its geographic position (namely
the values of longitude, latitude and altitude).

[0025] Optionally, each detection unit 2 is finally struc-
tured so as to measure, continuously or at more or less
regular intervals, the value of the ambient temperature
around the same detection unit 2.

[0026] When the detection unit 2 is firmly attached to
the ski 3 and the ski 3 is used to descend along the slope,
the telemetry system 1 is therefore capable of also ac-
quiring the momentary geographic position of the ski 3
and/or the instantaneous values of the ambient temper-
ature around the ski 3.

[0027] In addition, each detection unit 2 is moreover
structured/ configured to be uniquely identifiable by the
remote electronic apparatus 4, so that the sports equip-
ment 5 formed by the detection unit 2 and the ski 3 can
be uniquely linked with an individual skier/athlete.
[0028] With reference to Figures 1 and 2, in particular,
each mobile detection unit 2 preferably has a plate-like
structure and is preferably adapted to be firmly attached
onto the back 3a of the ski 3.

[0029] In more detail, each detection unit 2 is prefera-
bly adapted to be attached onto the back 3b of the down-
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hill ski 3 in a rigid and stable, though easily removable
manner.

[0030] In addition, each detection unit 2 is preferably
structured so as to be attached onto the back 3a of the
downhill ski 3, more or less in the center of the ski 3, so
as to form the raised anchoring base where the ski bind-
ing device (not shown) is to be attached.

[0031] In other words, the detection unit 2 preferably
has an oblong plate-like structure and is adapted to be
firmly attached onto the back 3a of the ski 3, more or less
in the center of the ski, so as to interpose itself between
the downhill ski 3 and the relative ski binding device (not
shown).

[0032] In more detail, with reference to Figures 1, 2
and 3, each detection unit 2 preferably comprises: a rigid
outer casing 6, which is preferably made of plastic and/or
composite material, and is adapted to be firmly fixed onto
the back 3a of the ski 3, preferably by one or more an-
choring screws of known type (not shown); a detection
and data-transmission electronic device 7, which is
housed within the rigid casing 6, and is adapted to meas-
ure and wirelessly transmit the values of the physical
quantities listed above directly to the remote electronic
apparatus 4; and an electric energy accumulator 8 pref-
erably of a rechargeable and/or removable type, which
is housed within the rigid casing 6 and powers the de-
tection and data-transmission electronic device 7.
[0033] In the example shown, in particular, the rigid
casing 6 is preferably made up of two rigid and comple-
mentary-shaped half-shells that are preferably made of
plastic material and are firmly coupled together prefera-
bly substantially in a fluid-tight manner. Clearly, the two
half-shells may also be made of metal or composite ma-
terial.

[0034] The detection and data-transmission electronic
device 7, in turn, preferably includes: a measurement
module 9 that is structured so as to measure, continu-
ously or at more or less regular intervals, the values of
the physical quantities listed above; a data transmission
module 10 that is structured so as to wirelessly transmit
a data stream to the remote electronic apparatus 4; and
a microprocessor 11 that controls and coordinates the
operation of the measurement module 9 and of the data
transmission module 10, so as to measure and send,
preferably in real time, a data stream containing the var-
ious measurements performed by the measurement
module 9, directly to the remote electronic apparatus 4.
[0035] Preferably, the detection and data-transmission
electronic device 7 additionally comprises also: a main
memory module 12, preferably of an immovable type,
within which the microprocessor 11 can temporarily
and/or stably store all or part of the data stream generated
by the measurement module 9, i.e. all or part of the se-
quence of measurements performed by the measure-
ment module 9; and optionally also an auxiliary memory
module 13 of a removable/extractable type, within which
the microprocessor 11 can temporarily and/or stably
store all or part of the data stream generated by the meas-
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urementmodule 9, i.e. all or partof the sequence of meas-
urements performed by the measurement module 9.
[0036] Preferably, the detection and data-transmission
electronic device 7 is finally also provided with a display
device and/or a control panel (not shown in the figures),
which is/are located outside of the rigid casing 6 or are
easily accessible from the outside, and preferably allow
a person, respectively, to check the status of and issue
commands to the detection and data-transmission elec-
tronic device 7.

[0037] In the example shown, in particular, the detec-
tion and data-transmission electronic device 7 is prefer-
ably provided with a series of signaling LEDs and/or con-
trol buttons, that allow a person, respectively, to check
the status of and issue commands to the detection and
data-transmission electronic device 7.

[0038] With reference to Figure 3, the measurement
module 9, in turn, is provided with an acceleration elec-
tronic measuring device 14 and/or an inclination elec-
tronic measuring device 15.

[0039] The acceleration electronic measuring device
14 is adapted to measure the value of the acceleration
to which the detection unit 2 is subjected, and preferably
includes one or more accelerometers capable of meas-
uring, in real time, the acceleration along predetermined
directions.

[0040] On the other hand, the inclination electronic
measuring device 15 is adapted to measure the value of
the inclination of the detection unit 2 with respect to a
predetermined inertial reference, and preferably includes
one or more inclinometers capable of measuring, in real
time, the inclination with respect to said predetermined
reference.

[0041] In addition or alternatively to the inclinome-
ter(s), the inclination electronic measuring device 15 may
also include at least one electronic gyroscope and/or at
least one magnetometer, both capable of determine, in
real time, the orientation in space of the mobile detection
unit 2.

[0042] In more detail, in the example shown the accel-
eration electronic measuring device 14 preferably com-
prises a group of accelerometers, which are located with-
in the rigid casing 6 one orthogonal to the other, so as to
measure the acceleration of the detection unit 2 along a
first triplet of Cartesian reference axes that is preferably
oriented so that one of the Cartesian reference axes is
substantially parallel to the longitudinal axis of the down-
hill ski 3 when the detection unit 2 is integral with the ski 3.
[0043] In other words, the acceleration electronic
measuring device 14 is capable of measuring the accel-
eration to which the detection unit 2 is subjected along
the roll, pitch and yaw axes of the ski.

[0044] In addition, the accelerometer(s) of the accel-
eration electronic measuring device 14 are preferably
MEMS accelerometer sensors (acronym for Micro Elec-
tro-Mechanical Systems).

[0045] The inclination electronic measuring device 15,
in turn, is capable of measuring the inclination of detec-

10

15

20

25

30

35

40

45

50

55

tion unit 2 with respect to a second triplet of fixed Carte-
sian reference axes X, Y and Z, which is preferably ori-
ented so that one of its Cartesian reference axes, namely
the Cartesian axis Z, is substantially vertical.

[0046] The inclination electronic measuring device 15
is therefore capable of measuring, in real time, the in-
stantaneous roll, pitch and yaw angles of the ski.
[0047] In more detail, in the example shown the incli-
nation electronic measuring device 15 preferably com-
prises: a group of inclinometers that are placed within
the rigid casing 6 one orthogonal to the other, so as to
detect the inclination of detection unit 2 with respect to a
triplet of Cartesian reference axes; and an electronic gy-
roscope which is adapted to detect the orientation in the
space of the mobile detection unit 2.

[0048] In addition, the inclinometer(s) and/or the elec-
tronic gyroscope are preferably MEMS sensors (acro-
nym for Micro Electro-Mechanical Systems).

[0049] Withreferenceto Figure 3, preferably the meas-
urement module 9 moreover includes also a GPS receiv-
er 16 (acronym for Global Positioning System) or similar,
which is adapted to receive radio signals coming from a
series of artificial satellites orbiting the earth, and to proc-
ess said radio signals so as to calculate/determine, sub-
stantially in real time, the momentary geographic position
(or rather the geographic coordinates) and possibly also
the longitudinal, transversal and vertical speed of the de-
tection unit 2.

[0050] The GPS receiver 16 is an electronic compo-
nent readily available on the market and therefore won’t
be further described.

[0051] Optionally, the measurement module 9is finally
also provided with one or more temperature sensors (not
shown in the figures), which are capable of measuring
the ambient temperature outside the rigid casing 6,
around the detection unit 2.

[0052] Similarly to the GPS receiver 16, also the data
transmission module 10is an electronic componentread-
ily available on the market and therefore won’t be further
described, unless to point out that it is capable of wire-
lessly transmitting data to the remote electronic appara-
tus 4, preferably using the IEEE 802.11 standard (tradi-
tionally called the Wi-Fistandard)and/or the IEEE 802.16
standard (traditionally called the WiIMAX standard)
and/or the Bluetooth standard, or similar.

[0053] With reference to Figure 1, on the other hand
the remote electronic apparatus 4 preferably comprises:
one or more stationary transceiver units 17 that are
placed or may be placed in proximity to or along the ski
slope, i.e. in proximity to or along the race course, so as
to be able to receive radio signals emitted by the various
mobile detection units 2 preferably, though not neces-
sarily, without interruptions along the entire ski slope, i.e.
the race course; and one or more fixed or portable com-
puters 18 that are electronically connected to the station-
ary transceiver unit(s) 17 so as toreceive the data coming
from the individual detection units 2, and are provided
with a user interface that is configured to display, prefer-
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ably in real time, the values of the physical quantities
measured by each mobile detection unit 2.

[0054] In more detail, the user interface of the compu-
ter (s) 18 is preferably programmed/configured so as to
select, based on a command given by the user, a mobile
detection unit 2 among those momentarily connected/
available, and then to display the values of the physical
quantities measured by said mobile detection unit 2.
[0055] In other words, the user interface of the com-
puter (s) 18 is programmed/configured so as to identify
each mobile detection unit 2 and then display, preferably
in real time, the values of the physical quantities meas-
ured by said mobile detection unit 2.

[0056] Preferably,the userinterface of the computer(s)
18 is moreover programmed/configured so as to recon-
struct the time course of the values of at least one and,
more conveniently, all of the physical quantities meas-
ured by each mobile detection unit2, and/or the trajectory
followed by each detection unit 2 as the ski 3 descends
along the ski slope.

[0057] Optionally, the userinterface ofthe computer(s)
18 is finally programmed/configured so as to also link the
instantaneous values of at least one and, more conven-
iently, all the physical quantities measured by the various
mobile detection units 2, with the geographic position
where the same values were measured.

[0058] Operation of the telemetry system 1 is easily
inferable from what has been described above.

[0059] During a ski race, as the ski athlete descends
along the ski slope, the detection unit 2 attached onto
one of the athlete’s skis 3 continuously measures the
acceleration and inclination of the ski 3, the ambient tem-
perature around the skis 3, transmitting the measured
values directly to the remote electronic apparatus 4.
[0060] In addition, during the descent along the ski
slope, the detection unit 2 moreover continuously trans-
mits the geographic position of the detection unit 2 to the
remote electronic apparatus 4, so as to allow the remote
electronic apparatus 4 to reconstruct the trajectory fol-
lowed by the athlete/skier along the ski slope.

[0061] The advantages connected with the telemetry
system 1 are clear.

[0062] Firstly, the telemetry system 1 allows to analyze
and evaluate, in real time, the ski athlete’s performance
during the ski race without applying electronic devices
directly on the athlete’s body.

[0063] In addition, the telemetry system 1 is easily
transportable and therefore can be quickly set up on the
race course in conjunction with the ski race.

[0064] ltisfinally clearthat modifications and variations
may be made to the telemetry system 1 and its compo-
nents without thereby departing from the scope of the
present invention.

[0065] For example, the mobile detection units 2 may
be structured to be at least partially embedded in the
downhill ski 3.

[0066] In addition, in a more sophisticated not-shown
embodiment, the signaling LED(s) of the detection and
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data-transmission electronic device 7 may be replaced
by a TFT display or the like.

[0067] Finally, the data transmission module 10 of the
detection and data-transmission electronic device 7 may
communicate wirelessly with the remote electronic ap-
paratus 4 by using UMTS and/or LTE standards and the
cellular telephone network.

[0068] In this case, the stationary transceiver unit(s)
17 of the remote electronic apparatus 4 would consist of
the transceiver station(s) of the cellular telephone net-
work that are closest to the ski slope.

Claims

1. Atelemetry system (1) for the movement analysis of
a downhill ski during use characterised in that it
comprises: at least one mobile detection unit (2)
which is adapted to be attached on the downhill ski
(3), and is adapted to measure, continuously or cy-
clically, a series of physical quantities that include
momentary acceleration and/or inclination of the de-
tection unit (2); and a remote electronic apparatus
(4) that communicates wirelessly with said detection
unit (2) so as to receive a data stream containing the
measurements carried out by each detection unit (2),
and is moreover provided with a user interface that
is configured so as to display values indicative of the
physical quantities measured by said mobile detec-
tion unit (2).

2. The telemetry system according to Claim 1, wherein
said mobile detection unit (2) is adapted to be firmly
attached on the back (3a) of said ski (3).

3. The telemetry system according to Claim 1 or 2,
wherein said mobile detection unit (2) has a plate-
like structure.

4. The telemetry system according to Claim 3, wherein
said mobile detection unit (2) is adapted to be at-
tached onto the back (3b) of said ski (3), so as to
form the raised anchoring base where the ski binding
device is to be attached.

5. The telemetry system according to any one of the
preceding claims, characterised by compriseing a
plurality of mobile detection units (2), each of which
is adapted to be attached onto a respective downhill
ski (3) and is uniquely identifiable by said remote
electronic apparatus (4).

6. The telemetry system according to any one of the
preceding claims, wherein the/each mobile detection
unit (2) comprises: a rigid outer casing (6) that is
adapted to be firmly fixed on the ski (3); a detection
and data-transmission electronic device (7) which is
housed within said rigid casing (6), and is adapted
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to measure and transmit the values of said physical
quantities wirelessly directly to the remote electronic
apparatus (4); and an electric energy accumulator
(8) which is housed within said rigid casing (6) and
powers the detection and data-transmission elec-
tronic device (7).

The telemetry system according to Claim 6, wherein
said detection and data-transmission electronic de-
vice (7) comprises an acceleration electronic meas-
uring device (14) and/or an inclination electronic
measuring device (15).

The telemetry system according to Claim 7, wherein
the acceleration electronic measuring device (14)
comprises a plurality of accelerometers adapted to
measure the acceleration value of the mobile detec-
tion unit (2) with respect to a first triplet of Cartesian
reference axes.

The telemetry system according to Claim 7 or 8,
wherein the inclination electronic measuring device
(15) comprises a plurality of inclinometers adapted
to measure the value of the inclination of the detec-
tion unit (2) with respect to a second triplet of Carte-
sian reference axes (X, Y, Z), and/or an electronic
gyroscope or magnetometer adapted to determine
the orientation in space of the mobile detection unit

@).

The telemetry system according to Claim 6, 7, 8 or
9, wherein said detection and data-transmission
electronic device (7) moreover comprises a GPS re-
ceiver (16) and/or one or more temperature sensors
capable of measuring the ambient temperature
around the mobile detection unit (2).

The telemetry system according to any one of the
preceding claims, wherein the user interface of said
remote electronic apparatus (4) is programmed/con-
figured to additionally reconstruct and display the
time course of one or more of said physical quanti-
ties.

The telemetry system according to any one of the
preceding claims, wherein said remote electronic ap-
paratus (4) comprises: one or more stationary trans-
ceiver units (17), which are placed or placeable in
proximity to or along the ski slope, so as to receive
the radio signals emitted by said mobile detection
unit(s) (2); and one or more computers (18) that are
electronically connected to the stationary transceiver
unit(s) (17), so as to receive the data coming from
said mobile detection unit(s) (2), and are provided
with said user interface configured to display the val-
ues indicative of physical quantities measured by
said mobile detection unit(s) (2).
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13.

14.

15.

16.

The telemetry system according to Claim 12, where-
in said user interface is additionally configured to se-
lect, based on a user command a mobile detection
unit (2) among those available, and then display the
values of physical quantities measured by said mo-
bile detection unit (2).

The telemetry system according to Claim 11 or 12,
wherein said user interface is configured so as to
reconstruct the trajectory followed by each detection
unit (2) as the ski (3) descends along the ski slope.

The telemetry system according to Claim 12, 13 or
14, wherein said user interface is configured so as
to link the instantaneous values of one or more of
said physical quantities with the geographic position
at which said values were measured.

Sport equipment (5) for sliding over snow and ice
comprising a downhill ski (3) and characterised by
also comprising a mobile detection unit (2), which is
firmly attached on the back (3a) of said downhill ski
(3) and is made according to any one of Claims 1 to
15.
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