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Description

[0001] This invention refers to an ergometric training
treadmill in accordance with claim 1. More specifically,
the object of this invention is an integrated system for
collecting, processing, analysing and visualising the bi-
omechanical effects produced while running on a tread-
mill by means of the use of sensors installed on the er-
gometric treadmill itself with a system for fitting MEMS
-a micro-electromechanical system- accelerometers
such that runners are provided with biomechanical infor-
mation about their performance in order to prevent sports
injuries.

TECHNICAL FIELD OF THE INVENTION

[0002] The technical field of this invention lies within
the sector of computerised sports equipment and, in par-
ticular, within equipment that allows the instrumentation,
recording and monitoring of the biomechanical response
during sporting activity.

STATE OF THE ART

[0003] Running is one of the most widely practised
sporting activities worldwide and one of the most com-
mon ways of taking exercise. Running is the fourth most
practised activity in Spain, both for men (14.4%) and
women (11.9%) according to Ministry of Education, Cul-
ture and Sport data [MECD, 2015].
[0004] In contrast to the numerous benefits of running,
it is worth noting that this activity has a high incidence of
injuries, since between 40% to 50% of people that reg-
ularly go out running, injure themselves each year. On
the other hand, it is important to emphasise that, during
running, -with each contact of the foot with the ground or
treadmill- a pair of collision forces, called force of impact,
occurs.
[0005] The force of impact is defined as the force re-
sulting from the collision between two bodies in a rela-
tively short time period with an intensity comprising be-
tween 1.5-and-5 times body weight. This force of impact
will be transmitted, spread and absorbed by the whole
musculoskeletal system, from head to foot. Furthermore,
the impacts have been related to the risk of suffering
stress injuries during the activity since they are consid-
ered to be one of the most important types of mechanical
stress from the point of view of the effect it creates in the
human body.
[0006] Thus, during a typical 30-minute run, around
500 impacts may be produced or, with the accumulation
of a weekly distance of 32 kilometres, runners may re-
ceive more than a million impacts. Hence, the probability
of suffering stress or over-exertion injuries due to the
presence of an excessively high acceleration impact, an
asymmetrical distribution between the magnitude of the
acceleration impacts for each leg or a reduced capacity
to mitigate acceleration impacts.

[0007] Traditionally, the most widely used technique
for recording impacts while running is accelerometry. By
means of placing low-mass inertial sensors, the acceler-
ation or deceleration response of a body segment can
be recorded, measuring the changes in velocity a mass
experiences during physical/sporting activity, recording
each load as «g» or g-force (1 g = 9.8 m/s2).
[0008] The acceleration impacts recorded during run-
ning are made up of, basically, two components, one
passive and the other active. The passive component is
linked to the severity of the impacts and the appearance
of sports injuries. The active component represents the
magnitude of force/acceleration that the sportsperson
can apply to the ground to improve his/her efficiency or
performance. Furthermore, the acceleration impacts pro-
duced each time the foot comes into contact with the
ground are composed internally by high or low frequency
components.
[0009] As mentioned above, by using an accelerome-
ter while running, it is possible to record acceleration im-
pacts. Approximately, between 10% - 12% of the total
time that a runner’s foot is in contact with the ground, a
high frequency acceleration component is transmitted to
the body, which presents a high load ratio. The high fre-
quency acceleration component is considered to be a
passive component since this acceleration/force, due to
its magnitude (from 1 to 5 times body weight) and its short
duration (25 to 50 ms from contact of the foot with the
ground), the sportsperson is unable to modulate or vol-
untarily reduce said magnitude, the musculoligamentous
structures being those responsible for reducing or ab-
sorbing said magnitude in order to prevent it from spread-
ing to upper organs -the head, for example- and thus
prevent disruption to the control organs.
[0010] In other words, the high frequency acceleration
component is produced in such a reduced period of time
that it cannot be controlled by means of variations to mus-
cle activation, which is why it is not possible to control
body segment rotations during the first passive phase
through muscle activation.
[0011] Once the first milliseconds of force/acceleration
with the ground are transmitted, the low frequency com-
ponent, also known as voluntary, is produced. The low
frequency component occurs, approximately, between
60% and 75% of the time that a runner’s foot is in contact
with the ground, with an approximate duration of 200 ms.
Owing to the active force/acceleration time being rela-
tively prolonged, they are considered as low frequency
components, being influenced by the movement of the
centre of mass during running and this, in turn, by the
voluntary action of the runner. These low frequency com-
ponents are commonly known as the force a sportsper-
son applies on the ground to jump or run more or less
quickly.
[0012] To date, all the studies that analyse the impacts
of acceleration during running using accelerometry, lo-
cate the sensors directly on the sportsperson and the
biofeedback system is used as an external element to
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the instruments used to perform the activity. There are
various inventions and products that improve the features
of ergometric treadmills, including sensors on different
points and elements of said treadmills. In most cases,
the purpose is to determine the position of the runner in
order to regulate the speed of the treadmill according to
the speed of the runner or even stop it in case the runner
falls over.
[0013] Among the documents that describe the current
state of the art, we have document US2010093492A1
that uses proximity sensors to detect whether there is
any object near the treadmill that may interfere with its
operation. On the other hand, documents
US7410449B2, US5368532, US7544153,
US6572512B2 and WO2017/011464A1 use optical or in-
fra-red wavelength sensors to detect the position of the
runner and allow the speed of the treadmill to be regu-
lated or stop it should the runner stop running.
[0014] Document WO2019/030687 describes the use
of infra-red sensors to detect changes in length of the
lower segments and to thus determine the contact phas-
es during the running cycle. By contrast, documents
US5368532 and US7101319 describe solutions wherein
optical sensors are replaced by pressure sensors to give
ergometric treadmills certain functionalities. Specifically,
speed control and automatic stopping of the treadmill are
the main functions obtained with the data from said sen-
sors.
[0015] Documents WO2017/011464A1 and
WO2014/179707A1 describe solutions for monitoring
sports performance, generally through the instrumenta-
tion of different mobile mass machines that the sport-
sperson activates voluntarily allowing the application of
the force applied during weightlifting to be recorded or
allowing the monitoring of training plans to subsequently
present variables to their sporting competence/perform-
ance in peripheral applications. Similarly, document
WO2017/011464A1 presents a force platform system to
determine the position of the runner’s foot.
[0016] In no document found in the state of the art are
sensors used to determine the parameters indicated in
the proposal, but sensors are used to regulate the speed
of the treadmill automatically, to stop it in case of acci-
dent, to assess sports performance and similar applica-
tions. Similarly, in no document is a computerised sports
system integrated into a treadmill presented that allows
the biomechanical response of acceleration impacts to
be presented, as well as other spatio-temporal parame-
ters, without the need to manually place instruments on
the runners wherein all the processes pertaining to the
acquisition and processing of the information are proc-
essed automatically and without the need to identify the
runners.
[0017] Acceleration impacts during running have been
widely studied scientifically by locating acceleration sen-
sors on the sportsperson, mainly on areas of the tibia
and head. Likewise, it has been proven that providing
runners with information, in real time, about their accel-

eration impact levels, they have been able to reduce max-
imum acceleration magnitudes, as well as any possible
asymmetry in the distribution of acceleration between
legs, making the running technique more efficient or eco-
nomic. This feedback process is known as biofeedback,
it being possible to provide it auditorily or visually. The
implementation of biofeedback is an effective measure
for reducing impacts, asymmetries and improving run-
ning economy. Biofeedback allows runners to improve
biomechanical response and prevent possible sporting
injuries. However, with current technology, the imple-
mentation of this method involves (a) placing instruments
with acceleration sensors on runners manually and (b)
developing external applications that allow said acceler-
ometers by cable or wirelessly, resulting in the biofeed-
back becoming an interesting, but difficult to use, tech-
nological resource. It is for this reason that only centres
specialised in sporting biomechanics have been capable
of applying said procedures, making it difficult for the gen-
eral population of runners to access systems with these
characteristics.
[0018] A treadmill that integrates accelerometry sen-
sors to provide the runner with biofeedback that does not
use accelerometry sensors that must be attached to the
runner’s extremities, which greatly complicates the prac-
tical use of the same, limiting them to experimental or
scientific studies with a limited number of subjects, is not
known in the state of the art. Specifically, the sensors of
the state of the art are attached with tape to the extrem-
ities, transmitting the signal by cable to a data collection
unit. This unit subsequently sends the data by means of
some kind of wireless protocol to a computing device that
allows said data to be analysed. The analysis is normally
undertaken off-line, which prevents a real-time study that
provides the above-mentioned biofeedback. Further-
more, taking physical exercise by running with sensors
attached to the runner is hugely inconvenient: the pres-
sure of the sticky tape, hanging cables joining the sensors
to the data-collection unit, the attachment and weight of
the portable data unit during running. This makes it in-
convenient for normal users to use these devices in their
usual running activity.
[0019] Similarly, the process of acquiring, processing,
analysing and presenting the data in real time generates
difficulties due to technological and procedural limitations
inherent to computerised sporting systems. It being thus
impossible to provide access to said information to any
type of runner, whether professional or recreational, due
to the limitations that exist with respect to the need for
professionals to help with the attachment of the acceler-
ometers and the processes for acquiring, processing, an-
alysing and presenting the biomechanical response to
acceleration impacts during running.
[0020] The document WO2012/104767 A2 discloses
an apparatus for locating the point of impact of a body
on a surface comprises detecting means adapted to de-
tect pressure waves generated by the interaction of said
body with said surface, and a processing unit operatively

3 4 



EP 3 735 900 B1

4

5

10

15

20

25

30

35

40

45

50

55

connected to said detecting means; the detecting means
and the processing unit are configured for detecting and
processing power values associated with said pressure
waves so as to calculate the position of said point of im-
pact as a function of the aforementioned power values.
Also described is the related method.
[0021] The document DE102012011623A1 discloses
a device comprising a rotating endless belt with an eval-
uation unit. The integrated system of control of a treadmill
and force transducers allows the calculation of the mo-
tion- and running parameters. The treadmill parameters
incorporate directly into the formula for calculating the
motion- and running parameters. The body weight after
the measurement, at the beginning of the analysis, per-
mits a current energy consumption calculation. The po-
sitioning of the force transducer is alternatively selected.
[0022] The document EP2308373A1 relates to an ap-
paratus for analysing the gait of a person, comprising: a
treadmill having a conveyor belt guided over at least two
rollers, wherein the surface side of the conveyor belt is
a tread area, and having a frame at least partly surround-
ing the conveyor belt; an encoder for determining the
speed of the conveyor belt; a pressure plate located un-
derneath the tread area of the conveyor belt comprising
an array of pressure sensors; at least one force sensor;
electronic means adapted to read out pressure distribu-
tion values of the array of pressure sensors and force
values of the at least one force sensor; and analysing
means adapted to synchronise the pressure distribution
values and the force values.
[0023] Finally, the document US2016166879A1 dis-
closes a treadmill apparatus that measures gait param-
eters using four or fewer load cells. This gait analysis
apparatus comprises three, and preferably four, vertical
force sensors disposed between a treadmill and the
ground. When a person walks on the treadmill belt, each
force sensor emits an electronic signal proportional to
the load on the frame. The sensors measure the load
hundreds of times per second and that data, in combi-
nation with the speed of the treadmill belt, enables a
processing unit to calculate many gait parameters. The
resultant calculations are displayed to the clinician in nu-
meric and graphical formats. Due largely to the few
number of force sensors, the apparatus is relatively in-
expensive compared to existing gait parameter appara-
tuses and can be easily retrofitted to existing treadmills
by either replacing the treadmill’s existing ground sup-
ports with force sensors or resting the treadmill on top of
a frame that has integral force sensors.

DESCRIPTION OF THE INVENTION

[0024] An object of this invention is to provide an er-
gometric treadmill for sport training that allows the acqui-
sition, processing, analysis and presentation of the bio-
mechanical response during running in real time that
overcomes the limitations described in the state of the
prior art. This objective is achieved by means of the in-

vention as defined in claim 1. Other aspects of the inven-
tion are described in other independent claims. Preferred
or particular embodiments of the different aspects that
make up this invention are defined in the dependent
claims.
[0025] Another object of this invention is the monitoring
of the biomechanical response resulting from contact be-
tween the foot and the ground relating to high frequency
components and associated with sports injuries. This
monitoring provides the sportsperson with the informa-
tion required about his/her mechanical response, leaving
out active components related to sports performance.
[0026] Another object of the invention is to use the pre-
viously monitored information to extract other variables
of a spatio-temporal nature -running frequency, step
lengths, asymmetry between legs or others- that provide
a runner with a rapid and simple view of his/her biome-
chanical response, allowing him/her to adjust his/her
technical execution and, thus, modulate his/her response
in order to prevent injuries associated with asymmetries
or excessive levels of acceleration impacts.
[0027] This invention facilitates the processing, analy-
sis and presentation/visualisation of acceleration im-
pacts in real time by means of the use of accelerometry
sensors during running on an ergometric treadmill. Fur-
thermore, the use of a computerised system for analysing
acceleration impacts, in other words, the application of
concurrent biofeedback, allows involuntary adaptations
by the runners, generating benefits such as a reduction
in impacts and their accelerations, as well as improving
running economy, among other actions. Furthermore, by
means of these accelerometry signals, it is possible to
calculate other parameters that allow other running de-
fects to be assessed. Similarly, in the future it will be
possible to study accelerometry data automatically by
using Big Data analysis and automatic learning (Machine
Learning).
[0028] More specifically, in this invention, the IT system
is integrated into a running treadmill and does not use
sensors that need to be attached to runners’ extremities.
Furthermore, the IT system integrated into the running
treadmill allows the user to be offered reliable and instant
data about the mechanical stress received while running
without the need for additional instrumentation on the
sportsperson. All this through the acquisition, process-
ing, analysis and presentation of the biomechanical re-
sponse while running in real time. To this end, this inven-
tion includes a unit for acquiring and processing the sig-
nals from the sensors, a system for projecting/viewing,
an interface for controlling the variables of the ergometric
treadmill (speed and inclination) and from two to four ac-
celeration sensors, not excluding other sensors that
record the passive response to an impact with the ground
during running (for example, dynamometric sensors).
[0029] The unit for acquiring and processing will have
a system programmed that will allow the capture and
processing of the data from the signals received, gener-
ated by the impact caused by the runner on the treadmill
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while running. The unit will collect the information coming
from the sensors (the acceleration signal) and from the
ergometric treadmill, previously entered by the runner
into the interface (speed of the treadmill, inclination and
biophysical characteristics entered by the runner into the
system). The interface will serve to manipulate the speed
and inclination of the ergometric treadmill, as well as for
entering the biophysical characteristics of the runners,
not including said information neither being compulsory
or exclusive.
[0030] The projection/viewing system will serve to rep-
resent the information collected from the sensors fitted
to the ergometric treadmill and the variables calculated
based on these signals, providing the user with visual
feedback through a graphic interface on a screen asso-
ciated with the treadmill.
[0031] The sensors (in one practical embodiment there
will be two, in another practical embodiment there will be
four) will be securely installed underneath the ergometric
treadmill joined to the board on which the athletes run.
These sensors will be directly connected by cable to the
acquisition and processing unit, enabling them to be pow-
ered by the same unit, without the need for a battery that
will need to be regularly charged externally by the user.
[0032] This invention describes a way of overcoming
the limitations of current accelerometry measurement
systems for providing users with biofeedback wherein
the accelerometry sensors are in the ergometric treadmill
itself and wherein the signals are processed within the
same device. This implies several significant benefits:
(a) it is not necessary to place sensors on the runner
him/herself, significantly simplifying the measurement of
the signals at all times and obtaining feedback about the
run instantly; (b) experience in placing and using the sen-
sors is not necessary since the ergometric treadmill
would provide everything required for the measurement,
processing and providing the runner with feedback about
his/her running parameters; (c) convenience is increased
for the user since the user would not need to wear any
sensors or wearable capture equipment; (d) measure-
ment precision could be uniform since these sensors can
be calibrated during the manufacturing process, provid-
ing uniform measurements during all use of the device;
(e) the processing equipment can be included in the er-
gometric treadmill itself, any other external calculation
equipment being unnecessary; (f) the biofeedback sys-
tem can be integrated into the ergometric treadmill itself,
taking advantage of the touch screen, which is common
in this type of device; (g) it will not be necessary to re-
charge the power of the sensors or the system since the
sensors will be connected to the processing unit and this
will be powered by the treadmill’s own electric current;
(h) it allows the acceleration impacts received by the run-
ner while he/she is running on the treadmill to be analysed
in real time; (i) the processing unit will detect, through
analysis of the signals recorded, asymmetries in the spa-
tio-temporal variables and acceleration impacts; (j) the
system will not require the prior identification of the run-

ners for its correct operation as the system will be se-
curely integrated into the treadmill; (k) the system will
implement online processing of big data to detect pat-
terns and correction through automatic learning (Ma-
chine Learning).
[0033] This invention, defined by its claims, offers the
user reliable and instant data about the mechanical
stress he/she receives while he/she is running or walking.
The data are processed automatically, without the need
for additional instrumentation on the sportsperson and
offering the information in graphic form directly integrated
into the treadmill screen. Among the basic information
provided, this invention processes the maximum impacts
of each leg, as well as the difference between the impacts
of each leg.
[0034] Thus, by means of the visual and auditory rep-
resentation through graphics and messages or audio
alerts, each user will know the mechanical stress re-
ceived while he/she is running or walking or if the impact
is received equally between each leg. Should this not be
the case and the impact received were excessive and/or
the difference of the impact between the left and right leg
exceeds a certain threshold, the system will inform the
user so that he/she can try to reduce these parameters.
Thus, this results in the impacts or stress received during
an activity as widely practised and beneficial for health
as running being less severe and with better bilateral load
sharing, making running safer and more efficient for us-
ers.
[0035] Throughout the description and claims, the
word «comprises», and its variants do not purport to ex-
clude other technical characteristics, components or
steps. For those skilled in the art, other objects, benefits
and characteristics of the invention will be deduced partly
from the invention and partly from using the invention.
The following examples and drawings are provided by
way of illustration and do not purport to restrict this in-
vention. Furthermore, the invention covers all possible
combinations of particular and preferred embodiments
indicated herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] The following very briefly describes a series of
drawings that help to understand the invention better and
which expressly relate to one embodiment of said inven-
tion, which is illustrated as a non-limiting example of it.

FIG.1 shows a simplified block diagram of the inte-
grated system for collecting, processing, analysing
and visualising integrated into the ergometric tread-
mill for sport training that is object of this invention.

FIG.2 shows a perspective view of the ergometric
treadmill for sport training that is the object of this
invention. FIG.3 shows an elevational view of the
treadmill of FIG.2 wherein one of the side covers has
been removed to enable the internal elements of the
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treadmill to be observed better. FIG.4 shows a plan
view of the treadmill of figures 2 and 3 wherein the
covers, protection and belt have been removed, it
being possible to observe the disposition of the sen-
sors on the belt in an embodiment with four sensors.
FIG.5 shows the same image as FIG.4 but with only
two sensors.

FIG.6 shows a view of the first support part of the
MEMS sensor that forms part of the system that is
the object of this invention. FIG.7 shows a plan view
of the second support part of the MEMS sensor that
forms part of the system that is the object of this
invention.

FIG.8 shows an illustrative block diagram of the
method implemented by the integrated system for
collecting, processing, analysing and visualising in-
stalled in the ergometric treadmill for sport training
that is the object of this invention.

FIG.9 shows a block diagram that illustrates the cal-
culation algorithm executed by the processing unit
that is integrated into the ergometric treadmill for
sport training that is the object of this invention.

FIG.10 and FIG.11 show, respectively, the acceler-
ometry signals coming from each sensor (for the two-
sensor option) indicating the dominant step and the
transformation to the frequency domain of said ac-
celerometry signals for the obtention of the main har-
monics and their asymmetries between left and right
steps.

DESCRIPTION OF ONE EMBODIMENT OF THE IN-
VENTION

[0037] As can be seen in the enclosed figures, the ob-
ject of the invention is an ergometric treadmill (200) for
sport training that integrates a system (100) configured
for collecting, processing, analysing and visualising the
biomechanical response of the sportsperson while run-
ning on the treadmill (200). The system (100) executes
a method or procedure (700) for collecting, processing,
analysing and visualising the biomechanical response of
the sportsperson while running on the ergometric tread-
mill (200).
[0038] One of the benefits of the ergometric treadmill
(200) of this invention is that the MEMS acceleration sen-
sors (101) are attached by means of supports (300) to
the ergometric treadmill itself (200), it not being neces-
sary to place external sensor instruments on the sport-
sperson and allowing the evaluation and/or practise of
the sport with the information about the biomechanical
response of the activity undertaken provided to any type
of person -and not necessarily a professional charged
with its interpretation- through a screen (206) that is dis-
posed on the ergometric treadmill itself. Furthermore, the

connection by means of cables (102) of the MEMS ac-
celeration sensors (101) to a data capture unit (103) and
with a data processing unit (104) enables the power to
be supplied to the whole system (100), making the use
of other power sources, such as alternative batteries, un-
necessary.
[0039] The ergometric treadmill (200) that is the object
of the invention comprises a standard rolling belt in which
a set of MEMS acceleration sensors (101) have been
installed, each sensor (101) being integrated in a single
support or fastening (300). The support (300) will be de-
scribed in more detail below with reference to FIG.6 and
FIG.7
[0040] The ergometric treadmill (200) includes a flat
surface (211) generally a high-density wooden board
over which a rolling belt (212) slides. This flat surface
(211) is joined, by means of shock absorbers (213) to
the structure of the ergometric treadmill (200) and re-
ceives the impacts of the runner during use of the er-
gometric treadmill (200). The rolling belt (212) is an end-
less belt that passes over and below the flat surface (211)
and is connected to a motor in the front part and an axle
with a tensioning system in the back part. Between the
flat surface (211) and the underside of the belt (212)
-which moves in the opposite direction to the upper part-
a space exists where the MEMS acceleration sensors
MEMS (101) are fitted. The MEMS acceleration sensors
(101) are jointly connected to the flat surface (211) by
means of the above-mentioned supports (300). The
MEMS acceleration sensors (101) and their respective
cabling (102) are located in the space comprised be-
tween the upper and lower part of the flat surface (211)
and the return of the rolling belt (212), as can be best
observed in FIGS. 2 to 5.
[0041] The design of the supports (300) allows the en-
ergy generated during the impact of the runner’s foot on
the flat surface (211) of the treadmill (200) to be captured
by the MEMS acceleration sensors (101), these being
recorded as a positive acceleration in the sensors (101)
and inversely proportional to that suffered in the runner’s
extremities.
[0042] Despite the flat surface (211) being a high den-
sity board that results in the energy of the impact of the
runner on the treadmill (200) being, to a large extent,
transmitted to its whole surface, the vertical acceleration
inflicted on the flat surface (211) will be greater on the
area close to the runner’s landing zone. For this reason,
the inclusion of various MEMS acceleration sensors
(101) in the flat surface (211) allows the acceleration suf-
fered in each area of said flat surface (211) to be deter-
mined and, therefore, the acceleration suffered by each
leg (right-left) independently.
[0043] This invention proposes two practical embodi-
ments for the use of the MEMS acceleration sensors
(101). In the first practical embodiment (FIG.4), four
MEMS acceleration sensors (101) are included, distrib-
uted two-by-two in the front and back parts of the flat
surface (211). Each pair of MEMS acceleration sensors
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(101) are located equidistantly between the centre and
the side (left or right) of the flat surface (211). This prac-
tical embodiment with four sensors allows the acceler-
ometry signals to be recorded for the landing and take-
off of each leg (right or left) allowing these parameters
to be analysed in the processing of the previous signal.
[0044] On the other hand, the use of a simpler config-
uration (FIG.5) is possible with the use of two MEMS
acceleration sensors (101), these being fitted to the un-
derside of the flat surface (211), also located between
the edges and the centre of it. This configuration only
allows the accelerometry signals to be recorded for the
landing of each leg independently. Although the number
of signals is lower, it reduces the complexity and the cost
of the system and is equally valid for the obtention of
certain parameters.
[0045] As indicated above, each MEMS acceleration
sensor (101) is located in a single support (300) made
up of two parts (301,302) joined together (FIG.6 and
FIG.7). The first part (301) consists of a support per se,
wherein the MEMS acceleration sensor (101) is housed
-not shown in FIG.6- in the bridge (301a) formed to enable
the passage of the flat surface whose acceleration is to
be measured. Thus, the part allows the insertion of the
MEMS acceleration sensor (101) allowing the output of
the measurement and acceleration cables (102). The first
part (301) also prevents the MEMS acceleration sensor
(101) from moving in the face of movements of the object
-the ergometric treadmill (200)- to which it is connected.
Similarly, due to its rigidity, its movement is united with
the surface, the acceleration of this surface being record-
ed in the three Cartesian axes.
[0046] In order to prevent the flexion of the bridge
(301a) in the tightening process (301b) and to prevent
the MEMS acceleration sensor (101) from being able to
be moved due to movement of, and knocks to, the surface
and even causing the separation of the MEMS acceler-
ation sensor (101) from the support (300), a rectangular
adjustment part (302) is added to this support as shown
in FIG. 7 and which is introduced into the right part of the
support (300), being fastened when the support is
screwed (302a) to the surface. Thus, the MEMS accel-
eration sensor (101) is fastened between the left part of
the first part (301) and the rectangular adjustment part
(302).
[0047] FIG.8 shows the general operation of the sys-
tem (100) configured for collecting, processing, analys-
ing and visualising the biomechanical response of the
sportsperson while running on the ergometric treadmill
(200). Therefore, the system (100) configured for collect-
ing, processing, analysing and visualising the biome-
chanical response of the sportsperson while running on
an ergometric treadmill (200) comprises, at least, one
memory, a data processing unit (104), a screen (206), a
data capture unit (103) and a plurality of MEMS sensors
(101) attached by means of supports (300) to the er-
gometric treadmill (200), as well as a programme or pro-
grammes that include a plurality of instructions which,

when they are executed by the processing unit (104)
causes the system to execute the method described in
FIG. 8.
[0048] One of the benefits of the system (100) is that
it does not require the introduction of the personal data
of the sportspersons (201) but does not exclude, should
the sportsperson include said parameters (for example,
variables such as mass, height, sex or others), the
processing unit (104) from being able to transmit them
subsequently. It not being necessary to introduce the pa-
rameters, any user may start up (202) the ergometric
treadmill (200), configuring the desired speed and incli-
nation (203).
[0049] The MEMS acceleration sensors (101) dis-
posed in their respective supports (300) transmit, by
means of a cabled connection (102), the unprocessed
data to the data capture unit (103) that comprises, in turn,
a micro-controller with various ports for sending and re-
ceiving data, a memory or memories and a programme
or programmes that comprise a plurality of instructions
which, when they are executed by the micro-controller
cause the data capture unit (103) to execute the following
processes: (a) it initialises and calibrates the MEMS ac-
celeration sensors (101) disposed in their respective sup-
ports (300) when the ergometric treadmill initialises (200)
and at the start of each run (204); (b) it filters (208) the
signals (207) sent by each one of the MEMS acceleration
sensors (101) to minimise noise and interferences; (c) it
temporarily synchronises (208) the accelerometry sig-
nals from the MEMS acceleration sensors (101) to send
them (209) as a whole and grouped to the processing
unit (104); and (d) it monitors (213) the data from the
MEMS acceleration sensors (101) to request them to re-
start in the event of a problem or failure in the readings
from any of them.
[0050] The flow of data from the previously filtered ac-
celerometry signals in the data capture unit is sent jointly
and synchronously (209) to a processing unit (104). The
processing unit (104) receives the information (210) and
is configured since it can either be an independent proc-
essor or can be emulated by the control system process-
es (205) of the ergometric treadmill (200).
[0051] In the event of it being independent, the control
system (205) of the ergometric treadmill (200) should pro-
vide (211) the processing unit (104) with certain param-
eters such as, for example, the speed or the inclination
of the treadmill (200), required for the correct calculation
(212) of the values shown in the information feedback to
the runner or biofeedback.
[0052] The processing unit (104) receives the data
(210) from the data capture unit (103) and from the control
system (205) of the ergometric treadmill (200), integrates
the data (211), analyses the data (212) and transmits
(213) all the parameters of interest generated based on
the accelerometry signals from the MEMS acceleration
sensors (101) and from the control parameters of the
ergometric treadmill (200). Among others, and in a non-
limiting way, the processing unit (104) determines at
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least: the step distance in metres; the duration of the step
in seconds; the frequency of the step in steps per minute
or spm; the acceleration through impact expressed in g;
the impact asymmetry rates (%); the distance asymmetry
rates (%); and/or the indicators about the leg that
presents a greater or lower level for each one of the var-
iables.
[0053] FIG.9 shows the calculation process for the dif-
ferent parameters executed by the control system (205)
of the ergometric treadmill (200) emulating the process-
ing unit (104). All these are based on the accelerometry
signals captured by the MEMS acceleration sensors
(101), which have been filtered (208) and sent (209, 901)
by the data capture unit (103) to the data processing unit
(104). This diagram is specific to the system with two
MEMS accelerometry sensors (101) shown in FIG.5 but
is extendible to the system equipped with four MEMS
accelerometry sensors (101) shown in FIG.4.
[0054] Based on the AcL and AcR accelerometry sig-
nals coming from the left (AcL) and right (AcR) MEMS
acceleration sensors, the parameters of interest are cal-
culated. Firstly, the peaks of the steps in each of the
signals (902) are detected. Given that each accelerom-
etry signal captures left and right steps, initially, the steps
corresponding to each sensor (902) are determined and
the steps corresponding to the opposite signal (903) are
eliminated. Thus, the AcL’ signal will only take into ac-
count the steps of the left foot and the AcR’ signal will
only take into account the steps of the right foot.
[0055] Below, the values of the maximum left (p_L) and
right (p_R) accelerometry peaks of each step are calcu-
lated. FIG.10 shows the two accelerometry signals (p_L
and p_R), showing in each one, the steps corresponding
to said sensor and which will be used in the rest of the
calculation stages (905-907) and (909-912).
[0056] Based on the AcL’, AcR’, p_L and p_R signals,
the average duration of the steps for the left (d_m_L) and
right (d_m_R) legs are obtained (905) as well as the
asymmetry between both legs (d_m_A). In a similar way,
the frequency of steps per minute for the left (s_m_L)
and right (s_m_R) legs and the asymmetry (s_m_A) are
calculated (906). Subsequently, the average value of the
average acceleration measured in (g) is calculated (907)
of each s_a_L and s_a_R step, and their asymmetry
s_a_A,
[0057] To calculate (909) the average distance of
s_1_L and s_1_R steps, and their asymmetry s_1_A, the
speed of the belt t_s is required, which is provided (908)
by the control system (205) of the ergometric treadmill
(200).
[0058] The rest of the parameters of interest are cal-
culated in the frequency domain. Firstly, each one of the
steps in each signal is processed (in windows) to guar-
antee that all the steps are of equal length in number of
samples (910) and result in an identical spectral resolu-
tion. The signals processed in windows w_AcL’ and
w_AcR’ are moved (911) to the frequency domain by
means of the Fourier transform, obtaining F_AcL’ and

F_AcR’. FIG.11 shows these two signals in the frequency
domain. Based on these F_AcL’ and F_AcR’ signals, the
most significant harmonics of the run and the asymmetry
between both legs are determined (912).
[0059] Finally, the runner is shown (913), on the screen
(206) of the ergometric treadmill (200), the information
in real time about asymmetry and other running param-
eters for the purpose of generating positive biofeedback.
In the same way, the data are sent through a communi-
cations network to a server (105) to be studied later using
big data analysis or to be consulted by means of an ex-
ternal device to the ergometric treadmill (200) such as a
portable device or a computer (106).
[0060] In summary, the different parameters described
are calculated for the right and left legs, the average value
and the value for asymmetry between both legs is deter-
mined. The parameters are synthesised and shown in
graphic form using the screen of the ergometric treadmill
(206), providing the runner with the biofeedback de-
scribed above. Equally, according to the information pro-
vided by the user of the ergometric treadmill (age, mass,
height or any other) and the running/walking speed se-
lected, healthy impact/acceleration ranges will be calcu-
lated based on the scientific evidence available. Thus,
should the user exceed said levels, the system itself
would show his/her acceleration graph along with an in-
dicator informing him/her that he/she should try to reduce
impact/acceleration levels (biofeedback).
[0061] Both the accelerometry signals and the param-
eters calculated in each training session are sent by In-
ternet to a server (105) along with the user’s data. This
allows the user to be able to download his/her data sub-
sequently to any treadmill and thus analyse the evolution
of his/her running technique over time. Equally, these
data may be downloaded and visualised on a computer
or portable device (106), making it possible for the user
to always have access to a study of his/her parameters,
thus increasing improvement in his/her running. Similar-
ly, owing to there being a repository of data from multiple
users available on the server, it is possible to perform a
Big Data study, allowing the obtention of new parameters
or estimations in the evolution of the runner learning from
it (through the use of Machine Learning techniques). This
information can be shown on the treadmill screen itself
or on the user’s electronic device.

Functionality as a high dynamic range sensor (HDR)

[0062] One of the problems faced in the measurement
of accelerometry signals for this application is the maxi-
mum range of the signal bandwidth according to which
the user is walking (narrower accelerometry signal band-
width) or running (broader accelerometry signal band-
width). This forces an adjustment of the sensor’s dynamic
margin in the maximum case (user running), causing a
low resolution of the sensors when the user is walking
on the belt.
[0063] A second functionality consists of the duplica-
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tion of sensors for the purpose of increasing the dynamic
margin in the accelerometry signals measured on the
belt. In this case, two sets of sensors reading simultane-
ously are disposed of. One set is adjusted to work with
high value peak accelerations and the other for lower
acceleration levels. All the sensors will be calibrated pre-
cisely.
[0064] Measurements are always made from the sen-
sors with the lower maximum value (which are more pre-
cise) and, should the sportsperson’s activity cause a sat-
uration in the measurement (by exceeding the sensor’s
maximum threshold) during a period of time, readings
from the higher threshold sensors will be proceeded with,
allowing a high dynamic range (HDR) in the accelerom-
etry signals measured.

Claims

1. An ergometric treadmill (200) for sport training com-
prising a screen (206), a control system (205) and a
system (100) configured for collecting, processing,
analysing and visualising the biomechanical re-
sponse of the sportsperson while running on the er-
gometric treadmill (200);
wherein the system (100) comprises, at least,

(a) a plurality of sensors (101) attached by
means of supports (300) to the ergometric tread-
mill (200) connected to a data capture unit (103);
(b) a data processing unit (104) comprising, in
turn, a processor and a memory or memories
that store a programme or programmes that in-
clude instructions that, when they are executed
by the processor, cause the data processing unit
(104) to:

(b.1) receive the data from the data capture
unit (103) and the control system (205) of
the ergometric treadmill (200);
(b.2) generate a plurality of parameters re-
lated to the physical exercise performed on
the ergometric treadmill (200) by a user;
wherein said parameters related to the ex-
ercise performed on the ergometric tread-
mill (200) by the user are calculated for the
left and right legs, the average value of both
legs and the asymmetry level between both
legs; and
(b.3) synthesise and show the parameters
generated in (b.2) in graphic form in the form
of a loop by means of the screen (206) of
the ergometric treadmill (200);

wherein the data capture unit (103) further com-
prises:

a micro-controller with various ports for

sending and receiving data, a memory or
memories and
a programme or programmes comprising a
plurality of instructions characterized in
that:

the sensors are MEMS acceleration
sensors; and
the instructions,
when they are executed by the micro-
controller, cause the data capture unit
(103) to:

initialise and calibrate the MEMS
acceleration sensors (101) dis-
posed in their respective supports
(300) when the ergometric tread-
mill (200) initialises and at the start
of each run (204);
filter and temporarily synchronise
(208) the accelerometry signals
sent by each MEMS acceleration
sensor (101) to minimise noise and
interferences and to send them
(209) as a whole and grouped to
the data processing unit (104); and
monitor the data from the MEMS
acceleration sensors (101) to re-
quest them to restart in the event
of a problem or a failure in the read-
ings from any of them.

2. The ergometric treadmill (200) of claim 1 also com-
prising a programme or programmes with instruc-
tions which, when they are executed by a processor
cause the data processing unit (104) to send the pa-
rameters generated in (b.2) to an external server
(105) or an external device (106).

3. The ergometric treadmill (200) of either of claims 1
or 2 wherein the data processing unit (104) is emu-
lated in the control system (205) of the ergometric
treadmill (200).

4. The ergometric treadmill (200) according to any of
the previous claims wherein the MEMS acceleration
sensors (101) are disposed in their respective sup-
ports (300) and transmit the unprocessed data
through a cabled connection (102) to the data cap-
ture unit (103).

5. The ergometric treadmill (200) according to any of
the previous claims wherein the support (300) of the
MEMS acceleration sensors (101) comprises two
parts (301,302) connected together, wherein the first
part (301) is configured as a physical support for the
sensor (101) and the second part (302) is a rectan-
gular part screwed to the whole formed by the first
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part (301) and the sensor (101).

6. The ergometric treadmill (200) according to one of
claims 1 to 5 comprising two MEMS acceleration
sensors (101) located in the front part of a flat surface
(211) disposed between the outward and return path
of the rolling belt (212) of the ergometric treadmill
(200) and located between the edges and the centre
of said flat surface (211).

7. The ergometric treadmill (200) according to one of
claims 1 to 5 comprising four MEMS acceleration
sensors (101) distributed two-by-two in the front part
and the back part of a flat surface (211) disposed
between the outward and return path of the rolling
belt (212) of the ergometric treadmill (200); and
wherein each pair of MEMS acceleration sensors
(101) is located equidistantly between the centre and
the side (left or right) of the flat surface (211).

8. A method for collecting, processing, analysing and
visualising the biomechanical response of the sport-
sperson while running on an ergometric treadmill
(200) according to any of claims 1 to 7 comprising
the steps of:

initialising and calibrating the MEMS accelera-
tion sensors (101) disposed in their respective
supports (300) when the ergometric treadmill
(200) initialises and at the start of each run (204);
filtering (208) the signals (207) sent by each
MEMS acceleration sensor (101) to minimise
noise and interferences;
temporarily synchronising (208) the accelerom-
etry signals from the MEMS acceleration sen-
sors (101) to send them (209) as a whole and
grouped to the processing unit (104);
and wherein the processing unit (104) receives
the data (210) from the data capture unit (103)
and the control system (205) of the ergometric
treadmill (200), integrates the data (211), anal-
yses the data (212) and transmits (213) all the
parameters of interest generated based on the
accelerometry signals from the MEMS acceler-
ation sensors (101) and the control parameters
of the ergometric treadmill (200).

9. The method according to claim 8 also comprising
the stage of monitoring (213) the data from the
MEMS acceleration sensors (103) to request them
to restart in the event of a problem or a failure in the
readings from any of them.

10. The method according to either of claims 8 or 9
wherein the processing unit (104) determines, at
least: the step distance in metres; the duration of the
step in seconds; the frequency of the step in steps
per minute or spm; acceleration through impact ex-

pressed in g; the impact asymmetry rates (%); the
distance asymmetry rates (%); and/or the indicators
about the leg that presents a greater or lower level
for each one of the variables.

11. The method according to any of claims 8 to 10 where-
in, based on the accelerometry signals (AcL and
AcR) coming from the left (AcL) and right (AcR)
MEMS acceleration sensors (101), the parameters
of interest are calculated in the data processing unit
(104), such that the peaks of the steps in each signal
are detected, the steps corresponding to each sen-
sor (902) are differentiated and the steps corre-
sponding to the opposite signal (903) are eliminated
such that one accelerometry signal (AcL’) will only
take into account the steps of the left foot and one
accelerometry signal (AcR’) will only take into ac-
count the steps of the right foot.

12. The method according to claim 11 comprising cal-
culating the values of the maximum left (p_L) and
right (p_R) accelerometry peaks of each step (904);
and wherein, based on the left (AcL’) and right (AcR’)
accelerometry signals, maximum left (p_L) and right
(p_R) peaks, the average duration of steps for the
left (d_m_L) and right (d_m_R) legs is obtained (905)
as well as the asymmetry between both legs
(d_m_A); and wherein, furthermore, the frequency
of steps per minute for the left (s_m_L) and right
(s_m_R) legs and the asymmetry (s_m_A) is calcu-
lated (906); and wherein, furthermore, the average
value of average acceleration measured in (g) of
each left (s_a_L) and right (s_a_R) step, and their
asymmetry (s_a_A), are calculated.

13. The method according to claim 12 wherein for the
calculation (909) of the average distance of left
(s_1_L) and right (s_1_R) steps, and their asymme-
try (s_1_A), the speed of the belt (t_s) is required,
which is provided (908) by the control system (205)
of the ergometric treadmill (200).

14. The method according to claim 13 wherein each of
the steps in each signal are processed in order to
guarantee that all the steps are of equal length in
number of samples (910) and result in an identical
spectral resolution; and wherein the signals proc-
essed in left (w_AcL’) and right (w_AcR’) windows
are moved (911) to the frequency domain by means
of the Fourier transform, obtaining the signal in the
left (F_AcL’) and right (F_AcR’) frequency domains.

15. The method of any of claims 8 to 15 comprising the
stage of showing the runner (913), on the screen
(206) of the ergometric treadmill (200), the informa-
tion in real time about the asymmetry and other run-
ning parameters for the purpose of generating a pos-
itive biofeedback.
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16. The method according to any of claims 8 to 15 where-
in the data are sent through a communications net-
work to a server (105) to be studied later using big
data analysis or to be consulted by means of an ex-
ternal device (106) to the ergometric treadmill (200)
such as a portable device or a computer.

Patentansprüche

1. - Ergometrisches Laufband (200) für Sporttraining,
umfassend einen Bildschirm (206), ein Steuersys-
tem (205) und ein System (100), das zum Sammeln,
Verarbeiten, Analysieren und Visualisieren der bio-
mechanischen Reaktion des Sportlers während des
Laufens auf dem ergometrischen Laufband (200)
konfiguriert ist;
worin das System (100) mindestens umfasst,

(a) eine Vielzahl von Sensoren (101), die mithilfe
von Trägern (300) an dem mit einer Datenerfas-
sungseinheit (103) verbundenen ergometri-
schen Laufband (200) befestigt sind;
(b) eine Datenverarbeitungseinheit (104), ihrer-
seits umfassend einen Prozessor und einen
oder mehrere Speicher, in denen ein Programm
oder Programme gespeichert sind, die Anwei-
sungen enthalten, die, wenn sie vom Prozessor
ausgeführt werden, die Datenverarbeitungsein-
heit (104) dazu veranlassen:

(b.1) die Daten von der Datenerfassungs-
einheit (103) und dem Steuersystem (205)
des ergometrischen Laufbandes (200) zu
empfangen;
(b.2) eine Vielzahl von Parametern zu er-
zeugen, die sich auf die von einem Benutzer
auf dem ergometrischen Laufband (200)
ausgeführte körperliche Übung beziehen;
worin diese Parameter, die sich auf die von
dem Benutzer auf dem ergometrischen
Laufband (200) ausgeführte Übung bezie-
hen, für das linke und das rechte Bein, den
Durchschnittswert beider Beine und den
Asymmetriegrad zwischen beiden Beinen
berechnet werden; und
(b.3) die in (b.2) erzeugten Parameter in
grafischer Form in Form einer Schleife mit-
tels des Bildschirms (206) des ergometri-
schen Laufbandes (200) zu synthetisieren
und anzuzeigen; worin diese Datenerfas-
sungseinheit (103) weiter umfasst:

einen Mikrocontroller mit verschiede-
nen Anschlüssen zum Senden und
Empfangen von Daten, einen oder
mehrere Speicher und
ein Programm oder Programme, um-

fassend eine Vielzahl von Anweisun-
gen,
dadurch gekennzeichnet, dass:

die Sensoren MEMS-Beschleuni-
gungssensoren sind; und
die Anweisungen,
wenn sie
durch den Mikrocontroller ausge-
führt werden, die Datenerfas-
sungseinheit (103) dazu veranlas-
sen:

die MEMS-Beschleunigungs-
sensoren (101), die in ihren je-
weiligen Halterungen (300)
angeordnet sind, bei der Initi-
alisierung des ergometrischen
Laufbandes (200) und zu Be-
ginn jedes Laufs (204) zu initi-
alisieren und zu kalibrieren;
die von jedem MEMS-Be-
schleunigungssensor (101)
gesendeten Beschleuni-
gungssignale zu filtern und vo-
rübergehend zu synchronisie-
ren (208), um Rauschen und
Interferenzen zu minimieren
und sie als Ganzes und grup-
piert an die Datenverarbei-
tungseinheit (104) zu senden
(209); und
die Daten der MEMS-Be-
schleunigungssensoren (101)
zu überwachen, um sie im Fal-
le eines Problems oder eines
Ausfalls der Messwerte eines
der Sensoren zum Neustart
aufzufordern.

2. - Ergometrisches Laufband (200) nach Anspruch 1,
umfassend auch ein Programm oder Programme mit
Anweisungen, die, wenn sie von einem Prozessor
ausgeführt werden, die Datenverarbeitungseinheit
(104) veranlassen, die in (b.2) erzeugten Parameter
an einen externen Server (105) oder eine externe
Vorrichtung (106) zu senden.

3. - Ergometrisches Laufband (200) nach einem der
Ansprüche 1 oder 2, worin die Datenverarbeitungs-
einheit (104) im Steuersystem (205) des ergometri-
schen Laufbandes (200) nachgebildet ist.

4. - Ergometrisches Laufband (200) nach einem der
vorhergehenden Ansprüche, worin die MEMS-Be-
schleunigungssensoren (101) in ihren jeweiligen
Halterungen (300) angeordnet sind und die unver-
arbeiteten Daten über eine Kabelverbindung (102)
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an die Datenerfassungseinheit (103) übertragen.

5. - Ergometrisches Laufband (200) nach einem der
vorhergehenden Ansprüche, worin die Halterung
(300) der MEMS-Beschleunigungssensoren (101)
zwei miteinander verbundene Teile (301, 302) um-
fasst, worin das erste Teil (301) als physische Hal-
terung für den Sensor (101) konfiguriert ist und das
zweite Teil (302) ein rechtwinkliges Teil ist, das an
das durch das erste Teil (301) und den Sensor (101)
gebildete Ganze geschraubt ist.

6. - Ergometrisches Laufband (200) nach einem der
Ansprüche 1 bis 5, umfassend zwei MEMS-Be-
schleunigungssensoren (101), die im vorderen Teil
einer flachen Oberfläche (211) angeordnet sind, die
zwischen dem Hin- und Rückweg des Laufgürtels
(212) des ergometrischen Laufbandes (200) ange-
ordnet ist und zwischen den Rändern und der Mitte
der flachen Oberfläche (211) liegt.

7. - Ergometrisches Laufband (200) nach einem der
Ansprüche 1 bis 5, umfassend vier MEMS-Be-
schleunigungssensoren (101), die paarweise im vor-
deren Teil und im hinteren Teil einer flachen Ober-
fläche (211) verteilt sind, die zwischen dem Hin- und
Rückweg des Laufgürtels (212) des ergometrischen
Laufbandes (200) angeordnet ist; und worin jedes
Paar MEMS-Beschleunigungssensoren (101) äqui-
distant zwischen der Mitte und der Seite (links oder
rechts) der flachen Oberfläche (211) angeordnet ist.

8. - Verfahren zum Sammeln, Verarbeiten, Analysieren
und Visualisieren der biomechanischen Reaktion
des Sportlers während des Laufens auf einem ergo-
metrischen Laufband (200) nach einem der Ansprü-
che 1 bis 7, umfassend die folgenden Schritte:

die MEMS-Beschleunigungssensoren (101),
die in ihren jeweiligen Halterungen (300) ange-
ordnet sind, bei der Initialisierung des ergome-
trischen Laufbandes (200) und zu Beginn jedes
Laufs (204) initialisieren und kalibrieren;
Filtern (208) der von den einzelnen MEMS-Be-
schleunigungssensoren (101) gesendeten Sig-
nale (207) zur Minimierung von Rauschen und
Störungen;
vorübergehende Synchronisierung (208) der
Beschleunigungssignale von den MEMS-Be-
schleunigungssensoren (101), um sie als Gan-
zes und gruppiert an die Verarbeitungseinheit
(104) zu senden (209);
und worin die Verarbeitungseinheit (104) die
Daten (210) von der Datenerfassungseinheit
(103) und dem Steuersystem (205) des ergo-
metrischen Laufbandes (200) empfängt, die Da-
ten (211) integriert, die Daten (212) analysiert
und alle interessierenden Parameter, die auf der

Grundlage der Beschleunigungsmesssignale
von den MEMS-Beschleunigungssensoren
(101) und den Steuerparametern des ergomet-
rischen Laufbandes (200) erzeugt wurden,
überträgt (213).

9. - Verfahren nach Anspruch 8, zudem umfassend die
Stufe der Überwachung (213) der Daten von den
MEMS-Beschleunigungssensoren (103), um sie im
Falle eines Problems oder eines Ausfalls der Mess-
werte von einem von ihnen zum Neustart aufzufor-
dern.

10. - Verfahren nach einem der Ansprüche 8 oder 9,
worin die Verarbeitungseinheit (104) mindestens
Folgendes bestimmt: die Schrittweite in Metern; die
Dauer des Schritts in Sekunden; die Schrittfrequenz
in Schritten pro Minute oder spm; die Beschleuni-
gung durch den Aufprall, ausgedrückt in g; die Asym-
metriequoten des Aufpralls (%); die Asymmetriequo-
ten der Strecke (%); und/oder die Indikatoren für das
Bein, das für jede der Variablen ein höheres oder
niedrigeres Niveau aufweist.

11. - Verfahren nach einem der Ansprüche 8 bis 10, wo-
rin auf der Grundlage der vom linken (AcL) und rech-
ten (AcR) MEMS-Beschleunigungssensor (101)
kommenden Beschleunigungssignale (AcL und
AcR) die interessierenden Parameter in der Daten-
verarbeitungseinheit (104) so berechnet werden,
dass die Spitzen der Schritte in jedem Signal erfasst,
die jedem Sensor (902) entsprechenden Schritte un-
terschieden und die dem entgegengesetzten Signal
(903) entsprechenden Schritte eliminiert werden, so-
dass ein Beschleunigungsmesssignal (AcL’) nur die
Schritte des linken Fußes und ein Beschleunigungs-
messsignal (AcR’) nur die Schritte des rechten Fu-
ßes berücksichtigt.

12. - Verfahren nach Anspruch 11, umfassend das Be-
rechnen der Werte der maximalen linken (p_L) und
rechten (p_R) Beschleunigungsmessungsspitzen
jedes Schritts (904); und worin, basierend auf den
linken (AcL’) und rechten (AcR’) Beschleunigungs-
messungssignalen, den maximalen linken (p_L) und
rechten (p_R) Spitzen, die durchschnittliche Dauer
der Schritte für das linke (d_m_L) und rechte
(d_m_R) Bein erhalten wird (905), sowie die Asym-
metrie zwischen beiden Beinen (d_m_A); und worin
ferner die Häufigkeit der Schritte pro Minute für das
linke (s_m_L) und das rechte (s_m_R) Bein und die
Asymmetrie (s_m_A) berechnet wird (906); und wo-
rin ferner der Durchschnittswert der in (g) gemesse-
nen durchschnittlichen Beschleunigung jedes linken
(s_a_L) und rechten (s_a_R) Schritts und ihr Asym-
metriebogen (s_a_A) berechnet wird.

13. - Verfahren nach Anspruch 12, worin für die Berech-
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nung (909) der durchschnittlichen Distanz der linken
(s_I_L) und rechten (s_I_R) Schritte und deren
Asymmetrie (s_I_A), die Geschwindigkeit des Ban-
des (t_s) erforderlich ist, die vom Steuersystem (205)
des ergometrischen Laufbandes (200) bereitgestellt
wird (908).

14. - Verfahren nach Anspruch 13, worin jeder der
Schritte in jedem Signal verarbeitet wird, um zu ge-
währleisten, dass alle Schritte in der Anzahl der Ab-
tastungen gleich lang sind (910) und zu einer iden-
tischen spektralen Auflösung führen; und worin die
in linken (w_AcL’) und rechten (w_AcR’) Fenstern
verarbeiteten Signale mittels der FourierTransfor-
mation in den Frequenzbereich verschoben werden
(911), wodurch das Signal im linken (F_AcL’) und
rechten (F_AcR’) Frequenzbereich erhalten wird.

15. - Verfahren nach einem der Ansprüche 8 bis 15, um-
fassend den Schritt, dem Läufer (913) auf dem Bild-
schirm (206) des ergometrischen Laufbandes (200)
die Informationen über die Asymmetrie und andere
Laufparameter in Echtzeit anzuzeigen, um ein posi-
tives Biofeedback zu erzeugen.

16. - Verfahren nach einem der Ansprüche 8 bis 15, wo-
rin die Daten über ein Kommunikationsnetz an einen
Server (105) gesendet werden, um später unter Ver-
wendung einer Big-Data-Analyse untersucht zu wer-
den oder um mittels einer externen Vorrichtung (106)
des ergometrischen Laufbands (200), wie z. B. einer
tragbaren Vorrichtung oder eines Computers, abge-
fragt zu werden.

Revendications

1. - Tapis roulant ergométrique (200) pour l’entraîne-
ment sportif, comprenant un écran (206), un système
de commande (205) et un système (100) configuré
pour collecter, traiter, analyser et visualiser la répon-
se biomécanique de l’athlète pendant la course sur
le tapis roulant ergométrique (200) ;
dans lequel le système (100) comprend au moins,

(a) une pluralité de capteurs (101) fixés au
moyen de supports (300) au tapis roulant ergo-
métrique (200) reliés à une unité d’acquisition
de données (103) ;
(b) une unité de traitement de données (104)
comprenant elle-même un processeur et une ou
plusieurs mémoires dans lesquelles sont stoc-
kés un ou des programmes contenant des ins-
tructions qui, lorsqu’elles sont exécutées par le
processeur, font que l’unité de traitement de
données(104) :

(b.1) reçoit les données de l’unité d’acqui-

sition de données (103) et du système de
commande (205) du tapis roulant ergomé-
trique (200) ;
(b.2) génère une pluralité de paramètres re-
latifs à l’exercice physique effectué par un
utilisateur sur le tapis roulant ergométrique
(200) ; dans lequel ces paramètres, qui se
rapportent à l’exercice effectué par l’utilisa-
teur sur le tapis roulant ergométrique (200),
sont calculés pour la jambe gauche et la
jambe droite, la valeur moyenne des deux
jambes et le degré d’asymétrie entre les
deux jambes ; et
(b.3) synthétise et affiche les paramètres
générés en (b.2) sous forme graphique en
boucle au moyen de l’écran (206) du tapis
roulant ergométrique (200) ; dans lequel la-
dite unité d’acquisition de données (103)
comprend en outre :

un microcontrôleur doté de différents
ports pour l’envoi et la réception de don-
nées, une ou plusieurs mémoires, et
un ou des programmes comprenant
une pluralité d’instructions,
caractérisé en ce que :

les capteurs sont des capteurs
d’accélération MEMS ; et
les instructions,
lorsqu’elles sont
exécutées par le microcontrôleur,
entraînent l’unité d’acquisition de
données (103) à :

initialiser et calibrer les cap-
teurs d’accélération MEMS
(101) disposés dans leurs
supports respectifs (300) lors
de l’initialisation du tapis rou-
lant ergométrique (200) et au
début de chaque course
(204) ;
filtrer et synchroniser tempo-
rairement (208) les signaux
d’accélérométrie envoyés par
chaque capteur d’accélération
MEMS (101) afin de minimiser
le bruit et les interférences et
de les envoyer (209) à l’unité
de traitement de données
(104) dans leur ensemble et
de manière groupée ; et
surveiller les données des
capteurs d’accélération
MEMS (101) afin de leur de-
mander de redémarrer en cas
de problème ou de défaillance
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des mesures de l’un des cap-
teurs.

2. - Tapis roulant ergométrique (200) selon la revendi-
cation 1, comprenant également un programme ou
des programmes avec des instructions qui, lorsqu’ils
sont exécutés par un processeur, amènent l’unité de
traitement de données (104) à envoyer les paramè-
tres générés en (b.2) à un serveur externe (105) ou
à un dispositif externe (106).

3. - Tapis roulant ergométrique (200) selon l’une des
revendications 1 ou 2, dans lequel l’unité de traite-
ment de données (104) est reproduite dans le sys-
tème de commande (205) du tapis roulant ergomé-
trique (200).

4. - Tapis roulant ergométrique (200) selon une quel-
conque des revendications précédentes, dans le-
quel les capteurs d’accélération MEMS (101) sont
disposés dans leurs supports respectifs (300) et
transmettent les données non traitées à l’unité d’ac-
quisition de données (103) par l’intermédiaire d’une
connexion par câble (102).

5. - Tapis roulant ergométrique (200) selon l’une quel-
conque des revendications précédentes, dans le-
quel le support (300) des capteurs d’accélération
MEMS (101) comprend deux parties (301, 302) re-
liées l’une à l’autre, dans lequel la première partie
(301) est configurée comme un support physique
pour le capteur (101) et la deuxième partie (302) est
une partie rectangulaire vissée à l’ensemble formé
par la première partie (301) et le capteur (101)

6. - Tapis roulant ergométrique (200) selon l’une quel-
conque des revendications 1 à 5, comprenant deux
capteurs d’accélération MEMS (101) disposés dans
la partie avant d’une surface plane (211) située entre
le trajet aller et le trajet retour de la ceinture roulant
(212) du tapis roulant ergométrique (200) et entre
les bords et le centre de ladite surface plane (211).

7. - Tapis roulant ergométrique (200) selon l’une quel-
conque des revendications 1 à 5, comprenant quatre
capteurs d’accélération MEMS (101) répartis par
paires dans la partie avant et dans la partie arrière
d’une surface plane (211) disposée entre le trajet
aller et le trajet retour de la ceinture roulant (212) du
tapis roulant ergométrique (200) ; et dans lequel cha-
que paire de capteurs d’accélération MEMS (101)
est disposée à équidistance entre le centre et le côté
(gauche ou droit) de la surface plane (211).

8. - Procédé de collecte, de traitement, d’analyse et de
visualisation de la réponse biomécanique de l’athlè-
te pendant la course sur un tapis roulant ergométri-
que (200) selon l’une des revendications 1 à 7, com-

prenant les étapes suivantes :

initialiser et calibrer les capteurs d’accélération
MEMS (101) disposés dans leurs supports res-
pectifs (300) lors de l’initialisation du tapis rou-
lant ergométrique (200) et au début de chaque
course (204);
filtrer (208) les signaux (207) envoyés par les
différents capteurs d’accélérationMEMS (101)
afin de minimiser le bruit et les interférences ;
synchroniser temporairement (208) les signaux
d’accélérométrie provenant des capteurs d’ac-
célération MEMS (101) afin de les envoyer (209)
à l’unité de traitement (104) dans leur ensemble
et de manière groupée ;
et dans lequel l’unité de traitement (104) reçoit
les données (210) provenant de l’unité d’acqui-
sition de données (103) et du système de com-
mande (205) du tapis roulant ergométrique
(200), intègre les données (211), analyse les
données (212) et transmet (213) tous les para-
mètres d’intérêt générés sur la base des signaux
d’accélérométrieprovenant des capteurs d’ac-
célération MEMS (101) et des paramètres de
commande du tapis roulant ergométrique (200).

9. - Procédé selon la revendication 8, comprenant en
outre l’étape de surveillance (213) des données pro-
venant des capteurs d’accélération MEMS (103)
pour leur demander de redémarrer en cas de pro-
blème ou de défaillance des mesures de l’undes cap-
teurs.

10. - Procédé selon l’une des revendications 8 ou 9, dans
lequel l’unité de traitement (104) détermine au
moins : la distance de pas en mètres ; la durée du
pas en secondes ; la cadence du pas en pas par
minute ou ppm ; l’accélération due à l’impact expri-
mée en g ; les taux d’asymétrie de l’impact (%) ; les
taux d’asymétrie de la distance (%) ; et/ou les indi-
cateurs pour la jambe qui présente un niveau supé-
rieur ou inférieur pour chacune des variables.

11. - Procédé selon l’une des revendications 8 à 10, dans
lequel, sur la base des signaux d’accélérométrie
(AcL et AcR) provenant des capteurs d’accélération
MEMS gauche (AcL) et droit (AcR) (101), on calcule
les paramètres d’intérêt dans l’unité de traitement
de données (104) de manière à détecter les pics des
pas dans chaque signal, les pas correspondant à
chaque capteur (902) sont distingués et les pas cor-
respondant au signal opposé (903) sont éliminés, de
sorte qu’un signal d’accélérométrie (AcL’) ne prend
en compte que les pas du pied gauche et un signal
d’accélérométrie (AcR’) ne prend en compte que les
pas du pied droit.

12. - Procédé selon la revendication 11, comprenant le
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calcul des valeurs de maximale gauche (p_L) et droi-
te (p_R) des pics d’accélérométrie de chaque pas
(904) ; et dans lequel, sur la base des signaux d’ac-
célérométrie de gauche (AcL’) et de droite (AcR’),
des pics maximaux de gauche (p_L) et de droite
(p_R), la durée moyenne des pas pour les jambes
gauche (d_m_L) et droite (d_m_R) est obtenue
(905), ainsi que l’asymétrie entre les deux jambes
(d_m_A) ; et dans lequel, en outre, la fréquence des
pas par minute pour les jambes gauche (s_m_L) et
droite (s_m_R) et l’asymétrie (s_m_A) est calculée
(906) ; et dans laquelle, en outre, la valeur moyenne
de l’accélération moyenne mesurée en (g) de cha-
que pas gauche (s_a_L) et droit (s_a_R), et leur asy-
métrie (s_a_A), sont calculées.

13. - Procédé selon la revendication 12, dans lequel pour
le calcul (909) de la distance moyenne des pas de
gauche (s_I_L) et de droite (s_I_R), et de leur asy-
métrie (s_I_A), de la vitesse de la bande (t_s) est
nécessaire, ce qui est fourni (908) par le système de
commande (205) du tapis roulant ergométrique
(200).

14. - Procédé selon la revendication 13, dans lequel cha-
cun des pas dans chaque signal est traitée afin de
garantir que toutes les pas sont de longueur égale
en nombre d’échantillons (910) et aboutissent à une
résolution spectrale identique ; et dans lequel les si-
gnaux traités dans les fenêtres gauche (w_AcL’) et
droite (w_AcR’) sont déplacés (911) vers le domaine
fréquentiel au moyen de la transformée de Fourier,
obtenant le signal dans les domaines fréquentiels
gauche (F_AcL’) et droite (F_AcR’).

15. - Procédé de l’une quelconque des revendications
8 à 15 comprenant l’étape consistant à montrer au
coureur (913), sur l’écran (206) du tapis roulant er-
gométrique (200), les informations en temps réel
concernant l’asymétrie et d’autres paramètres de
course dans le but de générer un biofeedback posi-
tive.

16. - Procédé selon l’une quelconque des revendica-
tions 8 à 15, dans lequel les données sont envoyées
par l’intermédiaire d’un réseau de communication à
un serveur (105) pour être étudiées ultérieurement
en utilisant l’analyse Big data ou pour être consultées
au moyen d’un dispositif externe (106) au tapis rou-
lant ergométrique (200) tel qu’un dispositif portable
ou un ordinateur.
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