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Description
FIELD OF THE INVENTION

[0001] The invention relates to exercise and sports,
particularly to applications in which recovery of a person
from a fitness exercise performed by him/her is control-
led.

BACKGROUND OF THE INVENTION

[0002] Recovery after exercising is important both to
metabolism and muscle care. Stress pain resulting from
exercising can be reduced considerably by a well-per-
formed recovery exercise. In that case recovery is
achieved in shorter time and the capability of the muscles
and the system to perform the next exercise improves
considerably. The most important function of the recov-
ery exercise is to remove any lactic acid, i.e. lactate, ac-
cumulated in the body quickly and efficiently so that the
lactate does not cause pain and post-exercise stress in
the muscles. For this reason, the recovery exercise has
to be performed at a stress level which prevents build-
up of additional lactate, but enables effective removal of
lactate from the body. Thus the recovery exercise is per-
formed below the anaerobic threshold.

[0003] Nowadays various instructions and rules are
used in sports coaching and training to keep recovery
exercise at a certain adequate level for a predetermined
time. For example, the exercising person may be told to
recover from exercising by walking for 10 minutes or by
keeping the heartrate at 120 beats/minute for 10 minutes.
A recovery time may also be recorded as taught by US
4,566,461. After a session of exercise training, the sub-
ject can determine his or her recovery rate by depressing
a key of a heart rate monitor immediately after completing
a training. Then, the heart rate monitor counts the time
required the subject’s heart rate reaches 100 beats per
minute.

[0004] The prior art method of recovering from a fithess
exercise has considerable disadvantages. It is clear that
the above-mentioned instructions are very general and
by no means optimal for achieving as efficient recovery
as possible. The above-mentioned instructions take the
characteristics of an exerciser into account only indirect-
ly, e.g. a coach may give different instructions for per-
forming recovery exercise to athletes with different fit-
ness levels.

BRIEF DESCRIPTION OF THE INVENTION

[0005] The object of the invention is to provide an im-
proved arrangement of controlling afitness exercise. This
is achieved with the arrangement to be described in the
following.

[0006] The invention relates to a heart rate measuring
arrangement, comprising measuring means for measur-
ing the heart rate to obtain information on it. The heart
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rate measuring arrangement comprises a calculation
unit, which is arranged to form control information for
controlling a recovery exercise so that it is performed at
a heart rate level below a threshold value of heart rate,
the heart rate variation being higher than a predeter-
mined threshold value of heart rate variation at heart rate
levels below the threshold value of heart rate, and the
control information further comprises a sufficient duration
for the recovery exercise, which duration is estimated by
means of a threshold level of lactate concentration in the
body at which level the recovery exercise can be finished,
display means for presenting the formed control informa-
tion.

[0007] The preferred embodiments of the invention are
disclosed in the dependent claims.

[0008] The invention relates to an apparatus for con-
trolling recovery of a person from a fitness exercise per-
formed by him/her. In this description the fitness exercise
refers to a physical exercise which is at least partly per-
formed at a workload level exceeding the anaerobiclevel,
in which case lactate is accumulated in the muscles of
the person’s body. The recovery exercise means the ex-
ercise phase that follows the actual fitness exercise or
competitive exercise which is mainly performed at a
workload level below the anaerobic level. Controlling
means control information provided e.g. by a heart rate
monitor, such as the heart rate level, the heart rate limits
within which the recovery exercise should be performed,
and the time preferably used for the recovery exercise.

[0009] In a preferred embodiment of the invention, an
anaerobic threshold value, i.e. the threshold value of
heart rate, is found on the basis of changes in heart rate
variation. Here heart rate variation means temporal var-
iations in heart beats around the expected moments at
which the heart should beat. In a preferred embodiment,
the variation is calculated as moving standard deviation,
but it can also be calculated by another prior art mathe-
matical method, e.g. by a method which utilizes the dis-
tribution function between the heart rate and the heart
rate variation. As a function of heart rate, the heart rate
variation naturally decreases as the heart rate, i.e. the
heart beat frequency, increases. Figure 1 illustrates var-
iation as a function 100 of heart rate, i.e. the x axis 104
shows the heart rate as per cent of the maximum heart
rate and the y axis 102 shows standard deviation as mil-
liseconds around the expected moment at which the
heart should beat. Figure 1 illustrates dependency be-
tween the heart rate variation and the heart rate, which
applies to the majority of people. When the heart rate
level is e.g. 40% of the maximum heart rate, the heart
rate variation is between 15 to 25 milliseconds. The max-
imum heart rate means the heart rate value that can be
calculated e.g. by the formula (220 - age), in which case
the maximum heart rate of a 40-year old person is 180.
The maximum heart rate can also be measured at the
maximal workload or determined from the person’s phys-
iological properties using a neural network, for instance.
It can be seen from Figure 1 that as the heart rate level
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approaches the maximum heart rate, the heart rate var-
iation decreases considerably. The angular point of heart
rate variation, i.e. the change point 106, is achieved at a
heart rate level which is usually about 62 to 65% of the
maximum heart rate, but may also vary in a wider range,
e.g. 55 to 70% of the maximum heart rate. The change
point 106 of heart rate variation is connected to the anaer-
obic limit point 106b of energy metabolism. It can be seen
from Figure 1 that the anaerobic limit point 106b is at a
slightly higher heart rate level, i.e. 15 to 25 beats higher,
than the change point 106 of heart rate variation. At heart
rate levels above the anaerobic limit point 106b exercise
is anaerobic, whereas at heart rate levels below the limit
point exercise is aerobic. The intersection point of the
change point 106 is about 4 milliseconds at the y axis,
but may vary e.g. from 3 to 5 milliseconds.

[0010] In this description the fithess exercise refers to
a physical exercise which is at least partly performed at
a workload level exceeding the anaerobic limit, in which
case lactate accumulates in the muscles of the person’s
body. Lactate concentration can be estimated for a given
period, e.g. a few hours before and after the fitness ex-
ercise, and thus the invention is not limited to the actual
performance of the fitness exercise. A fitness exercise
can be divided e.g. into the following phases: warm-up,
active phase, recovery phase, in which case the fitness
exercise is preceded and followed by a rest. Different
phases can be defined and distinguished from one an-
othere.g. onthe basis of heartrate levels and/or workload
levels. Then the recovery phase, for example, can be
defined as an exercise level where the heart rate level
drops from 130 beats/minute to a rest level of 70 beats/
minute. The recovery phase is considered to begin when
the heart rate level is below the limit of the active phase,
i.e. 130 beats/minute, for two minutes, for instance.
[0011] In a preferred embodiment of the invention the
exercising person monitors his/her heart rate at least at
the end of the fithess exercise. At the beginning of the
recovery exercise, the exerciser starts to walk, for exam-
ple, so that the heart rate drops to a heart rate value
below the change point of heart rate variation. For the
recovery to be maximally efficient, it should be performed
as close to the change point as possible, i.e. at a heart
rate which is about 55 to 60% of the maximum heart rate.
[0012] In another preferred embodiment of the inven-
tion, the physical condition of the exercising person is
also taken into account in the calculation of the change
point of heart rate variation. Physical condition can be
defined e.g. as the maximal oxygen uptake, which can
be determined e.g. by measuring the maximal oxygen
uptake at the maximal workload or by forming an estimate
by means of a neural network, into which one or more
physiological parameters are fed as input parameters
and/or several stress parameters that describe the work-
load. The physical condition affects curve 100 shown in
Figure 1 so that the change point of heart rate variation
of a fit person is at a higher heart rate level than that of
an unfit person. However, the proportional share of heart
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rate variation of the maximum heart rate is the same for
both these persons. Thus a fit person can exercise at a
higher workload without the exercise being anaerobic.
The distance between the points 106 and 106b depends
on the person’s condition and lactate properties. In the
case of a person with a very good condition, for example,
the distance between the points is larger, which is taken
into account in an embodiment by considering the per-
son’s condition in calculation and determination of con-
trolling. In determination of point 106b a prior art lactate
tolerance test, for example, is used. In the test, blood
tests are used to locate the threshold of the angular co-
efficient of the lactate curve under stress, which corre-
sponds to the heart rate level at point 106b.

[0013] In a preferred embodiment recovery from a fit-
ness exercise is controlled by means of the vanishing
point of heart rate variation and the lactate that has ac-
cumulated in the body during exercise. According to an
embodiment, the amount of lactate in the body is esti-
mated by a two-part mathematical model which is de-
scribed in greater detail in Figure 2. In this specification
the mathematical model refers to a set of mathematical
operations and rules for determining output parameter
values from the input parameter values. Mathematical
operations include arithmetic operations, such as addi-
tion, subtraction and multiplication. The mathematical
model can naturally be implemented as a table or a da-
tabase, in which case the output parameter value corre-
sponding to a given input parameter is read directly from
the database. It is clear that the model may consist of
only one part or of more than two parts. One or more
parameters 202 representing the person’s heart rate,
such as the average heart rate, standard deviation of the
heart rate or the like, are fed into the first part 200 of the
model as input parameters. The input data of the model
also comprise one or more stress parameters 204 de-
scribing the exercise workload, such as running speed
or pedalling speed of the exercise bike. The third set of
input parameters for the model consists of one or more
physiological parameters 206 of the person, such as
height, weight or gender. The above-mentioned input pa-
rameter sets 204 to 206 are optional, i.e. they may be
included in the model separately, simultaneously, or be
omitted from the model. In an embodiment of the inven-
tion the first part 200 of the model is implemented as a
neural network which has been trained with user data
comprising information on hundreds or even thousands
of users. In an embodiment of the invention, the first part
ofthe model provides the person’s stress level 208 during
exercise as the output. The output parameter set 210
provided by the model represents one or more fitness
parameters which describe the person’s physical condi-
tion, such as the maximal oxygen uptake or the fitness
index.

[0014] The input parameters to be fed into the second
part 212 of the model include the above-mentioned in-
formation representing the exercise stress level 208 and
optionally one or two fitness parameters 210 describing
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the user’s condition. In a preferred embodiment of the
invention, the second sub-model 212 is a mathematically
formed physiological model which gives the amount 214
of lactate in the person’s body as the output parameter
on the basis of the input parameters. The amount 214 of
lactate is used as the input parameter of control routines
216 which control removal of lactate from the body, using
the control output 218 for monitoring that the duration
and efficiency of the recovery exercise are sufficient.
[0015] In the solution of the invention for controlling a
recovery exercise, the person whose recovery is to be
monitored, preferably uses a heart rate monitor. The
heart rate monitor is a device employed in sports and
medicine, which measures human heart rate information
either from an electrical impulse transmitted by the heart
or from the pressure produced by the heart beat on an
artery. Generally, the heart rate monitors comprise an
electrode belt to be fitted around the user’s chest to meas-
ure the heart rate by means of two or more electrodes.
The electrode belt transmits the measured heart rate in-
formation inductively as one or more magnetic pulses
per heart beat, for instance, to a wrist-worn receiver unit.
On the basis of the received magnetic pulses, the receiv-
er unit calculates the heart rate and, when needed, other
heart rate variables, such as moving standard deviation
of the heart rate. Often, the receiver unit, i.e. the wrist
monitor, also comprises a display for showing the heart
rate information to the exerciser and a user interface for
the use of other facilities of the heart rate monitor. In the
above-described situation, the heart rate monitor refers
to the entity consisting of the electrode belt and the re-
ceiver unit. The heart rate monitor can also be a one-
piece device in which the display means are located on
the chest, and thus there is no need to transmit the in-
formation to a separate receiver unit. Further, the struc-
ture of the heart rate monitor can be such that it only
comprises a wrist-worn monitor which operates without
the electrode belt to be fitted around the chest, measuring
the heart rate information from the vessel pressure. In
the description of the invention, the heart rate measuring
arrangement refers to the above-described heart rate
monitor solutions. The heart rate measuring arrange-
ment also comprises solutions in which heart rate infor-
mation is transmitted to an external computer or to a data
network, which has display means, such as a computer
screen, for presenting the information measured or gen-
erated by the heart rate monitor.

[0016] In a preferred embodiment of the invention, the
functions of the invention are performed in the receiving
unit if the heart rate monitor consists of two pieces. One
or more mathematical models of the invention and other
functions required by the model are preferably imple-
mented by software for a general-purpose processor.
The models and functions can also be implemented as
ASIC, with separate logic components or in a corre-
sponding manner. In a preferred embodiment of the in-
vention, the heart rate monitor comprises means for feed-
ing user-specific physiological information, stress infor-
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mation and information on a fithess exercise. The feeding
means can be, for instance, a keypad of the heart rate
monitor, display equipment that supports control, a
speech controller, a telecommunications port for external
control or the like. The heart rate monitor also preferably
comprises means for controlling the exerciser during a
recovery exercise. The controlling means can be e.g. the
display of a heart rate monitor, a speech controller, a
telecommunications port for transmitting information to
external means, such as a computer, or the like.

[0017] Anadvantage of the invention is that it provides
more accurate controlling of recovery from a fitness ex-
ercise than the prior art.

BRIEF DESCRIPTION OF THE DRAWINS

[0018] In the following, the invention will be described
in greater detail with reference to the accompanying
drawings, in which

[0019] Figure 1 illustrates change of heart rate varia-
tion as a function of heart rate,

[0020] Figure 2Ais a block diagramiillustrating a model
structure according to an embodiment of the invention,
[0021] Figure 2B is a block diagramillustrating a model
structure according to an embodiment of the invention,
[0022] Figure 3A is a method chart of an embodiment
according to the invention,

[0023] Figure 3B is a method chart of an embodiment
according to the invention,

[0024] Figure 3C is a method chart of an embodiment
according to the invention,

[0025] Figure4Aillustrates anembodiment of the heart
rate measuring arrangement according to the invention,
[0026] Figure 4B illustrates the electrode belt shown
in Figure 4A from the side to be fitted against the body
of the person to be measured,

[0027] Figure 4C illustrates an embodiment of a two-
piece heart rate monitor.

DETAILED DESCRIPTION OF THE INVENTION

[0028] In the following, the invention will be described
by means of preferred embodiments with reference to
Figures 1 to 4C. In an embodiment, the change point of
heart rate variation, which can be determined from the
maximum heart rate of a person, is used for controlling
recovery. At heart rate values exceeding the change
point the heart rate variation drops below the threshold
value of heart rate variation. The majority of people have
a threshold value of 4 ms. When the fitness exercise is
finished or the workload is reduced, the heart rate starts
to decrease and thus the heart rate variation begins to
increase. When the variation exceeds the threshold val-
ue, recovery can be deemed to have begun. Heart rate
variation can be utilized for controlling the recovery ex-
ercise e.g. so that a 10-minute recovery exercise is per-
formed at a workload which keeps the heart rate variation
between 6 to 8 ms. Naturally the heart rate can also be
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employed for controlling recovery because the heart rate
and the heart rate variation correlate with each other.
[0029] Figures 3A to 3C illustrate a preferred embod-
iment of use of the invention. A neural network 200, which
is shown in Figure 2, is formed in steps 302 to 304 of
Figure 3A. The invention is not limited to the use of a
neural network as the model for determining the stress
level on the basis of the heart rate information, but some
other prior art classifier can also be used. In step 302
parameters are selected for the model. The parameters
that describe the person’s heart rate information are com-
pulsory, whereas physiological parameters and stress
parameters are optional. Parameters that represent the
heart rate information include the heart rate, standard
deviation of the heart rate, change rate of the heart rate
and similar parameters that can be calculated from the
heart rate. According to an embodiment, only the heart
rate is used in the model, but the above-mentioned heart
rate parameters can be combined in various ways as the
input parameters of the model. Physiological parameters
are optional input parameters of the model. One or more
physiological parameters, such as the person’s age, gen-
der, height, weight and the like can be inserted into the
model. Furthermore, the input parameters of the model
may comprise one or more stress parameters that de-
scribe the exercise workload. The stress parameters typ-
ically comprise e.g. running speed, pedalling speed of
the exercise bike or a similar parameter. In step 304 the
neural network model is trained, i.e. the weighting coef-
ficients of the model parameters are matched. The model
is preferably trained by means of a large set of users,
which includes e.g. over 1000 users. The larger the
number of users taken into accountin training of the mod-
eland the more heterogeneous the group used in respect
of its physiological properties and physical condition, the
better the model parameters can be matched. In an em-
bodiment of the invention, the model yields the person’s
stress level during exercise, which can be used for con-
trolling recovery. The stress level is expressed e.g. as
workload/time unit. In an embodiment the model yields
one or more fitness parameters describing the person’s
physical condition as output parameters. The fitness pa-
rameter may be e.g. the maximal oxygen uptake or the
fithess index. In a preferred embodiment the model yields
the amount of lactate in the body, which is used in the
controlling ofrecovery. The modelis preferably calibrated
by real user data before the actual use. In respect of
lactate this means that the real amount of lactate in blood
is measured a few times during an exercise, and the real
measurement result is fed into the model, which cali-
brates the model parameters by means of feedback so
that the real measured value is obtainable by the model.
As aresult of calibration the model yields better and more
accurate estimates of the amount of lactate in blood dur-
ing the actual use.

[0030] In the following, the generation and principles
of a physiological model related to step 306 will be de-
scribed on the basis of physiological properties of a per-
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son. The efficiency of a fithess exercise can be described
as exercise intensity in relation to time. The intensity can
be examined as heart beat frequency in relation to time.
However, if momentary exercise intensity is examined
this way, the result will be only a momentary rough esti-
mate of the stress level, which gives hardly any informa-
tion on the exercise performed. The effect of long-term
exercise stress depends on the individual, i.e. afit person
sustains stress better than an unfit person. For example,
both persons may be able to perform exactly the same
exercise at the same intensity, but the exercise affects
both persons differently: the fit person does not become
significantly exhausted whereas the unfit person per-
forms the same exercise at the extreme limits of his/her
capacity. The influence of momentary stress on an indi-
vidual and on the stress level experienced by the individ-
ual during exercise depends on previous stress.

[0031] In training, it is important to know the amount
of cumulative stress, which increases under hard stress
and decreases at rest. Concentration of lactate, i.e. lactic
acid, in blood represents well the cumulative stress. The
amount of lactate is the only indicator by which the cu-
mulative stress can be measured in practice. The amount
of lactate can be measured by taking a blood sample,
which is analysed. This is, however, slow and requires a
complex measuring arrangement. The present invention
provides a non-invasive and indirect way of measuring
lactate and utilizing the information on the amount of lac-
tate in the body for controlling recovery from a fitness
exercise. Referring to Figure 2, the amount of lactate 214
is formed as a function of heart rate information 202 dur-
ing the fitness exercise, and in the following recovery
exercise the removal of lactate 214 from the body is mon-
itored on the basis of the heart rate information 202.
[0032] The physiological basis for the models illustrat-
ed in Figure 2 is obtained from human energy metabo-
lism. Muscles receive the energy needed for exercise
from ATP (adenosine triphosphate). The ATP deficiency
resulting from exercise should be replenished by produc-
ing new ATP from the energy reserves. For the first 10
to 15 seconds since the exercise stress starts, creatine
reserves are sufficient for producing the ATP needed by
the muscles. After this, the energy obtained from the glu-
cose in the body can be used. Fatty acids cannot be
utilized until about 15 minutes after the onset of exercise
stress. In short maximal stress lasting only for tens of
seconds, energy production is always chiefly anaerobic.
In exercise stress of a few seconds energy is produced
mainly by alactic processes by means of creatine phos-
phate. However, the creatine phosphate reserves are
small and after ten seconds of exercise stress, energy is
produced mainly by lactic processes. In longer maximal
stress lasting for dozens of minutes the proportion of aer-
obic energy production increases. However, the long-
term stress employs nearly the same energy production
mechanisms as the short time stress. Carbohydrates
from food provide glucose which is stored in muscles as
glucogen. In glucolysis glucose degrades and releases
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energy. The reaction may take place either aerobically
or anaerobically.

[0033] Aerobic case:

[0034] glucose + O,—CO, +H,0 + energy.

[0035] Anaerobic case:

[0036] glucose—CO, + H,0O + lactate + energy.
[0037] Lactate is thus produced in anaerobic glucoly-

sis. The amount of lactate, i.e. lactic acid, in the body is
a balance reaction. A small but equal amount of lactate
is produced and removed at rest. If the workload increas-
es, more lactate is produced, but the lactate removal
mechanisms also start to function at a higher rate. If the
stress level does not rise to a very high level, the lactate
removal mechanisms can remove lactate at the same
rate as it is produced. In hard exercise stress, more lac-
tate is produced than removed. This leads to a rapid in-
crease of the lactate level in the body and exhaustion.
The lactate removal mechanisms of a fit person are effi-
cient and quick to react. A lactate surplus is generated
when the production rate of lactate is higher that the re-
moval rate. A lactate curve, which presents the amount
of lactate as a function of heart rate, represents in a way
the person’s condition. The curve of an unfit person grows
more evenly than that of a fit person. The lactate level of
a fit person is relatively low up to a rather high stress
level. At a certain stress level, known as the lactate
threshold, the curve rises steeply. This curve form can
be explained by the fact that the lactate removal mech-
anisms of a fit person are efficient and react rapidly to
the elevated production rate of lactate. The amount of
lactate does not increase significantly until the maximal
lactate removalrate isreached. Correspondingly, the lac-
tate removal mechanisms of an unfit person are weaker
and follow the elevated lactate production rate with a mi-
nor delay. If the lactate curve is known, it is easy to plan
exercise and recovery. Exercise should take place within
the lactate curve area in which development is desired
because exercise generally improves blood circulation,
and consequently the efficiency of the removal mecha-
nisms. The recovery exercise, on the other hand, should
be performed at a level at which the lactate removal
mechanisms function maximally, i.e. preferably at a
stress level just below the anaerobic limit.

[0038] An embodiment of the physiological model is
shown in Figure 2B. The person’s stress level 208 during
exercise is fed into the model as input data. A delay unit
212A enables presentation of the model as a neural net-
work according to an embodiment. Since the physiolog-
ical model is preferably in the form of a differential equa-
tion, a discrete form of the model can be implemented
by a delay unit 212A which provides feedback. The phys-
iological model with units 212B to 212D can be expressed
simply by formula (1)

[0039]
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dlat) _ 1

(1) ™ V[Ra(t) - Rd(1)]

where la(t) is the lactate concentration, Ra(t) is the lactate
production rate, Rd(t) is the lactate removal rate and V
is the lactate breakdown rate. Parameter k in the model
represents the dependency of Ra on the stress level 208,
| represents the dependency of Rd on the stress level, n
represents the dependency of Rd on la, and s the de-
pendency of Rd on Rdmax. The above-mentioned pa-
rameters of the model may be adapted to their user-spe-
cific optimal values on the basis of a reference exercise
performed by the user. In the reference exercise the
stress parameters are accurately defined.

[0040] As output the model provides the lactate
amount 214 in the body, which can be fed into a controller
216 monitoring recovery according to Figure 2A. Instead
ofthe controller 216, a person, i.e. the exerciser or his/her
coach, can also control the recovery exercise. The con-
troller 216 preferably monitors that the amount of lactate
remains below the threshold value, in which case the
lactate removal rate is higher than the lactate production
rate. Furthermore, the controller preferably monitors the
duration of the recovery exercise, i.e. the fact that a suf-
ficient amount of lactate is removed from the body to
avoid stress pain caused by lactate. In a preferred em-
bodiment of the invention the controller 216 also receives
information on the heart rate, and, in addition to lactate
values, the controller 216 uses the change point of heart
rate variation in controlling recovery from a fitness exer-
cise. The control function 218 provided by the controller
216 can be supplied e.g. to the display of the heart rate
monitor or provided for the user as a voice message.
[0041] Figure 3B illustrates feeding of user-specific in-
formation into the model and adaptation of the model to
a certain user. In step 322 user-specific physiological pa-
rameters are fed into the mathematical model. The math-
ematical model, such as a neural network model, and
physiological parameters are used for forming a rough
estimate of the user’'s physical condition. In step 324
stress parameters corresponding to a reference exercise
are fed into the model. A reference exercise, e.g. a 12-
minute running exercise in accordance with the Cooper’s
test, is performed in step 326. On the basis of the running
speed and heart rate, a specified estimate of the user’s
condition can be formed using the fithess parameters,
such as the maximal oxygen uptake.

[0042] Figure 3C illustrates use of a solution of the in-
vention. In step 342 the user's maximum heart rate is
calculated by the formula 220 - age, and thus the maxi-
mum heart rate of a 30-year person, for example, is 190.
Instep 344 the person’s threshold heartrate is calculated,
which is 63% of the maximum heart rate, i.e. 120 in this
case. The threshold heart rate value is thus a rough es-
timate of the person’s anaerobic limit. According to an
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embodiment of the invention, the person’s condition is
used for specifying the threshold heart rate. For example,
if 10 beats are added to the threshold heart rate value of
afit person, the person’s threshold heart rate will be 130.
In step 346 the person carries out the actual fitness ex-
ercise the recovery from which is to be controlled accord-
ing to the invention. The models described in connection
with Figures 2A to 2B are used for estimating the lactate
concentration in the person’s body as a function of heart
rate. In step 348 the fitness exercise is monitored and
finished, after which the person starts a recovery exer-
cise, which, according to the example, should also be
performed at a relatively heavy workload, at a heart rate
slightly below 130. According to a preferred embodiment,
the controller shown in Figure 2B or the exerciser or an-
other person monitors the amount of lactate during re-
covery, i.e. the fact that the lactate removal rate is optimal
and at least exceeds the production rate. A sufficient du-
ration can be determined for the recovery exercise from
the threshold value formed for the amount of lactate in
accordance with step 350.

[0043] Figure 4A shows a person 400 who performs
an exercise on a treadmill 406. The heart rate of the per-
son 200 is measured by means of a transmitter electrode
belt 402 fitted around the chest. The heart rate is meas-
ured by two or more electrodes 410A to 410B of the trans-
mitter electrode belt 402, between which a difference of
potential is created as the heart beats. The transmitter
electrode belt 402 is fitted around the person’s chest by
means of an elastic band made of elastic material, for
instance. The measured heart rate is preferably trans-
mitted inductively to a wrist-worn receiver 404 which pref-
erably also comprises a display for showing the meas-
ured heart rate. The invention is also applicable to heart
rate monitors, in which the electrode belt 402 on the
chest, in addition to measuring, takes care of storing,
processing and displaying the heart rate information, and
thus the wrist-worn receiver unit 404 is unnecessary. The
heart rate monitor can also be a single wrist-worn device,
in which the transmitter part and the receiver part are
integrated into one single device, and thus transmitter
and receiver electronics are unnecessary. The heart beat
can be measured from the wrist, either from an ECG sig-
nal, arterial pressure pulse or by observing optically
changes in the absorption or reflection of blood circula-
tion.

[0044] Figure 4B shows the electrode belt 402 of Fig-
ure 4A in greater detail. In Figure 4B, the electrode belt
402 is illustrated from the side of the electrodes 410A to
410B, i.e. from the side facing the body. The figure also
shows securing means 416A to 416B, by which the elec-
trode belt 402 can be secured to an elastic band to be
fitted around the chest. In Figure 4B, an electronic unit
412 for processing the heart rate information obtained
from the electrodes 410A to 410B is illustrated by a bro-
ken line. The electrodes 410A and 410B are connected
to the electronic unit412 with conductors 414Aand 414B,
respectively.
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[0045] Figure 4C illustrates the structures of the trans-
mitter electrode belt 402 and the receiver 404 by means
of an embodiment. The topmost part of the figure shows
the transmitter electrode belt 402, the middle part shows
a sample of heart rate information to be transmitted and
the bottom part shows the essential parts of the receiver
unit 404. The electronic unit 412 of the transmitter elec-
trode belt 402 receives heart rate information from the
means 410A to 410B for measuring one or more heart
rate parameters. The measuring means 410A to 410B
are preferably electrodes. The heart rate monitor com-
prises atleast two electrodes, but more can also be used.
From the electrodes the signal is applied to an ECG
preamplifier 420 from which the signal is transferred via
an AGC amplifier 422 and a power amplifier 424 to a
transmitter 426. The transmitter 426 is preferably imple-
mented as a coil which sends the heart rate information
432 inductively to a receiver, such as a wrist-worn re-
ceiver unit 404 or to an external computer, for instance.
[0046] One5kHzburst432A corresponds to one heart
beat, for instance, or a cluster of a plurality of bursts 432A
to 432C may correspond to one beat. The intervals 432A
to 432B of bursts 430A to 430C can be equal or different
in duration, as appears from Figure 4C. Information can
be transmitted inductively, or alternatively, optically or
via a conductor, for instance. In an embodiment, the re-
ceiver 404, such as the wrist-worn receiver, comprises
a receiver coil 440, from which the received signal is ap-
plied through a signal receiver 442 to a central processor
444, which coordinates the operation of different parts.
The receiver 404 preferably also comprises a memory
448 for storing the heart rate information and display
means 450 for presenting the heart rate or the heart rate
parameters derived from it, such as the standard devia-
tion. In a preferred embodiment of the invention the dis-
play means 450 also show information needed to control
recovery, such as the heart rate level at which the recov-
ery exercise is optimal and the recovery exercise dura-
tion. The display means 450 can also show the amount
oflactate inthe person’s body or the person’s stress level,
for instance. The display means 450 is, for example, the
display of a heart rate monitor or a speech controller. In
preferred embodiments the display means 450 may also
comprise means for transmitting the heart rate and/or
feedback information to an external computer or data net-
work. The transmitting means can be implemented e.g.
as an induction coil, an optical transmitter, or a connector
for transmission via a connecting line. A heart rate meas-
uring arrangement is in question if the information meas-
ured or generated by the heart rate monitor is transmitted
to equipment outside the heart rate monitor, such as a
computer. According to a preferred embodiment, the dis-
play means are then located in the computer, by which
the information measured in real-time or stored in the
memory 448 of the heart rate monitor can be displayed.
[0047] The heart rate monitor further comprises form-
ing means 452 for forming control information from the
measured heart rate information for controlling the re-
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covery exercise. The forming means 452 are preferably
implemented as the heart rate monitor’s calculating unit.
The calculating unit preferably implements the functions
required by the invention for forming control information,
such as location of the change point of heart rate variation
in one embodiment or calculation of a person’s maximum
heart rate value on the basis of age. In a preferred em-
bodiment the calculation unit 452 comprises a mathe-
matical model 200, which by means of input parameters
provides e.g. the amount of lactate in the body and/or
the person’s stress level as output parameters. In that
case, the calculation unit 452 forms the control informa-
tion using the output parameters provided by the model.
The output parameters provided by the model can natu-
rally be presented as such by the display means 450 of
the heart rate monitor. It is clear that the calculating unit
542 need not be implemented as a separate device unit
but the calculating unit 452 and the mathematical model
200 included therein can be part of the central processor
444. Further, it is clear that the heart rate monitor need
not necessarily comprise a separate calculating unit 452
but the model 200 can be implemented in the central
processor 444, for instance. The heart rate monitor, i.e.
receiver 404 in the solution of Figure 4C, preferably com-
prises feeding means 446, such as a keypad or speech
controller means. The feeding means 446 can be used
e.g. for feeding the physiological parameters and stress
parameters required by the model 200.

[0048] In a preferred embodiment of the invention the
functions, means and one or more models implementing
the invention are implemented by means of software in
a general-purpose processor. Said means can also be
implemented as ASIC, by separate logic components or
by any corresponding known method.

[0049] In the embodiment of Figure 4C the heart rate
monitor refers to an entity consisting of the transmitter
electrode belt 402 and the receiver 404. In an embodi-
ment, the heart rate monitor can also be implemented so
that the above-described functions included in the trans-
mitter electrode belt 402 and the receiver 404 are located
in one device. This one-piece device can be either fitted
on the chest for heart rate measurement, or alternatively,
worn on the wrist. It is obvious to a person skilled in the
art that the electrode belt 402 and the receiver 404 may
also comprise other parts than those shown in Figures
4B and 4C, but it is not relevant to describe them here.

Claims

1. A heart rate measuring arrangement, comprising
measuring means (410A-410B) for measuring the
heart rate to obtain information on it, characterized
in that the heart rate measuring arrangement com-
prises:

a calculation unit (452), which is arranged to
form control information from the heart rate in-
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formation obtained by measuring for controlling
a recovery exercise so that it is performed at a
heart rate level below a threshold value of heart
rate, the heart rate variation being higher than
a predetermined threshold value of heart rate
variation at heart rate levels below the threshold
value of heart rate, and

the control information further comprises a suf-
ficient duration for the recovery exercise, which
duration is estimated by means of a threshold
level of lactate concentration in the body at
which level the recovery exercise can be fin-
ished,

display means (450) for presenting the formed
control information.

A heart rate measuring arrangement according to
claim 1, characterized in that the control informa-
tion comprises the duration of recovery exercise.

A heart rate measuring arrangement according to
claim 1, characterized in that the heart rate meas-
uring arrangement comprises a memory for storing
the heart rate information.

A heart rate measuring arrangement according to
claim 1, characterized in that the measurement
means comprise an electrode belt for measuring the
heartrate, the heart rate measuring arrangement fur-
ther comprising a receiver unit, which comprises
forming means and display means.

A heart rate measuring arrangement according to
claim 4, characterized in that the display means is
the display of a receiver unit.

A heart rate measuring arrangement according to
claim 1, characterized in that the heart rate meas-
uring arrangement is a one-piece wrist-worn heart
rate monitor.

A heart rate measuring arrangement according to
claim 1, characterized in that the calculation unit
is arranged to calculate that the threshold value of
heart rate is 45 to 55% of the heart rate correspond-
ing to the maximal oxygen uptake.

A heart rate measuring arrangement according to
claim 1, characterized in that the calculation unit
is arranged to calculate that the threshold value of
heart rate is 60 to 70% of the person’s maximum
heart rate.

A heart rate measuring arrangement according to
claim 8, characterized in that the calculation unit
is arranged to use the heart rate corresponding to
the maximum workload as the maximum heart rate
or the heart rate estimated based on the person’s
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A heart rate measuring arrangement according to
claim 1, characterized in that the calculation unit
is arranged to use about 4 ms as the threshold value
of heart rate variation.

A heart rate measuring arrangement according to
claim 1, characterized in that the heart rate varia-
tion describes the difference between the actual mo-
ment of the heart beat and the expected moment
that can be calculated from the heart rate.

A heart rate measuring arrangement according to
claim 1, characterized in that the calculation unit
is arranged to form heart rate variation as standard
deviation from the difference between one or more
actual moments of the heart beat and the expected
moment that can be calculated from the heart rate.

A heart rate measuring arrangement according to
claim 1, characterized in that the calculation unit
comprises a mathematical model which is arranged
to provide the value of one or more output parame-
ters for forming the control information in the calcu-
lation unit in response to the value of one or more
input parameters.

A heart rate measuring arrangement according to
claim 13, characterized in that the model is ar-
ranged to receive at least one heart rate parameter
as its input parameter and provide the amount of
lactate in the body as the output parameter.

A heart rate measuring arrangement according to
claim 14, characterized in that the model is ar-
ranged to use one or more fitness parameters that
describe the person’s physical condition for estimat-
ing the amount of lactate.

A heart rate measuring arrangement according to
claim 15, characterized in that the fitness param-
eter is the maximal oxygen uptake.

A heart rate measuring arrangement according to
claim 13, characterized in that the mathematical
model is arranged to receive one or more of the fol-
lowing parameters as input data: one or more phys-
iological parameters describing the person’s physi-
ology, one or more stress parameters describing the
exercise workload.

A heart rate measuring arrangement according to
claim 13, characterized in that the mathematical
model is arranged to estimate the amount of lactate
in the person’s body on the basis of the stress level
experienced by the person during the fitness exer-
cise.

10

15

20

25

30

35

40

45

50

55

EP 1 127 542 B1

19.

20.

21.

22,

23.

24,

25,

26.

16

A heart rate measuring arrangement according to
claim 13, characterized in that the mathematical
model is arranged to estimate the amount of lactate
in the person’s body by means of one or more of the
following items: the lactate production rate in a mus-
cle, the lactate removal rate in the muscle and the
blood volume into which the lactate is dispersed.

A heart rate measuring arrangement according to
claim 1, characterized in that the calculation unit
is arranged to use the lactate concentration in the
body in forming of control information for the recov-
ery exercise.

A heart rate measuring arrangement according to
claim 13, characterized in that the mathematical
model is a neural network.

A heart rate measuring arrangement according to
claim 21, characterized in that the neural network
is trained on the basis of user information collected
from a large number of users.

A heart rate measuring arrangement according to
claim 21, characterized in that the weighting coef-
ficients between neurons used in the training of the
neural network have been specified by means of
feedback utilizing the value of one or more output
parameters.

A heart rate measuring arrangement according to
claim 17, characterized in that said physiological
parameter is age, weight, height or gender.

A heart rate measuring arrangement according to
claim 17, characterized in that said stress param-
eter is the running speed, resistance of an exercise
bike or a similar parameter.

A heart rate measuring arrangement according to
claim 14, characterized in that said heart rate pa-
rameter is the heartrate, heart rate variation, change
rate of the heart rate or the like.

Patentanspriiche

1.

Anordnung zur Messung der Herzfrequenz, umfas-
send Messmittel (410A - 410B) fiir das Messen der
Herzfrequenz, um Information Uber diese zu erhal-
ten, dadurch gekennzeichnet, dass die Anord-
nung zur Messung der Herzfrequenz umfasst:

eine Berechnungseinheit (452), die ausgebildet
ist, um Steuerinformation aus der durch das
Messen erhaltenen Herzfrequenzinformation zu
bilden, um eine Rekonvaleszenziibung so zu
steuern, dass sie bei einem Herzfrequenzni-
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veau ausgefihrt wird, das unter einem Schwell-
wert der Herzfrequenz liegt, wobei die Variation
der Herzfrequenz hoher als ein vorbestimmter
Schwellwert der Variation der Herzfrequenz bei
Herzfrequenzniveaus ist, die unter dem
Schwellwert der Herzfrequenz liegen, und
wobei die Steuerinformation weiter eine ausrei-
chende Dauer fir die Rekonvaleszenziibung
umfaldt, wobei diese Dauer mittels des Schwell-
wertniveaus der Lactatkonzentration im Koérper
geschatzt wird, bei der die Rekonvaleszenz-
Ubung beendet werden kann,

Anzeigemittel (450) fur das Prasentieren der
ausgebildeten Steuerinformation.

Anordnung zur Messung der Herzfrequenz nach An-
spruch 1, dadurch gekennzeichnet, dass die Steu-
erinformation die Dauer der Rekonvaleszenziibung
umfasst.

Anordnung zur Messung der Herzfrequenz nach An-
spruch 1, dadurch gekennzeichnet, dass die An-
ordnung zur Messung der Herzfrequenz einen Spei-
cher fir das Speichern der Herzfrequenzinformation
umfasst.

Anordnung zur Messung der Herzfrequenz nach An-
spruch 1, dadurch gekennzeichnet, dass die
MeRmittel einen Elektrodengdrtel fur das Messen
der Herzfrequenz umfassen, wobei die Anordnung
zur Messung der Herzfrequenz weiter eine Empfan-
gereinheit umfasst, die Ausbildungsmittel und An-
zeigemittel umfasst.

Anordnung zur Messung der Herzfrequenz nach An-
spruch 4, dadurch gekennzeichnet, dass das An-
zeigemittel die Anzeige einer Empféngereinheit ist.

Anordnung zur Messung der Herzfrequenz nach An-
spruch 1, dadurch gekenn- zeichnet, dass die An-
ordnung zur Messung der Herzfrequenz eine ein-
stlickige, am Handgelenk getragene Herzfrequenz-
Uberwachungseinrichtung ist.

Anordnung zur Messung der Herzfrequenz nach An-
spruch 1, dadurch gekennzeichnet, dass die Be-
rechnungseinheit ausgebildet ist, eine Berechnung
auszufuhren, so dass der Schwellwert der Herzfre-
quenz 45 bis 55% der Herzfrequenz betragt, die der
maximalen Sauerstoffaufnahme entspricht.

Anordnung zur Messung der Herzfrequenz nach An-
spruch 1, dadurch gekennzeichnet, dass die Be-
rechnungseinheit ausgebildet ist, eine Berechnung
auszufihren, so dass der Schwellwert der Herzfre-
quenz 60 bis 70% der maximalen Herzfrequenz der
Person betragt.
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Anordnung zur Messung der Herzfrequenz nach An-
spruch 8, dadurch gekennzeichnet, dass die Be-
rechnungseinheit ausgebildet ist, die Herzfrequenz
zu verwenden, die der maximalen Belastung in Form
der maximalen Herzfrequenz oder der Herzfre-
quenz, die auf der Basis des Alters der Person ge-
schatzt wird, entspricht.

Anordnung zur Messung der Herzfrequenz nach An-
spruch 1, dadurch gekennzeichnet, dass die Be-
rechnungseinheit ausgebildet ist, ungefahr 4 ms als
den Schwellwert der Variation der Herzfrequenz zu
verwenden.

Anordnung zur Messung der Herzfrequenz nach An-
spruch 1, dadurch gekennzeichnet, dass die Va-
riation der Herzfrequenz die Differenz zwischen dem
tatsachlichen Moment und dem erwarteten Moment,
der aus der Herzfrequenz berechnet werden kann,
beschreibt.

Anordnung zur Messung der Herzfrequenz nach An-
spruch 1, dadurch gekennzeichnet, dass die Be-
rechnungseinheit ausgebildet ist, eine Variation der
Herzfrequenz als eine Standardabweichung aus der
Differenz zwischen einem oder mehreren tatsachli-
chen Momenten der Herzfrequenz und dem erwar-
teten Moment, der aus der Herzfrequenz berechnet
werden kann, auszubilden.

Anordnung zur Messung der Herzfrequenz nach An-
spruch 1, dadurch gekennzeichnet, dass die Be-
rechnungseinheit ein mathematische Modell um-
fasst, das ausgebildet ist, um den Wert eines oder
mehrerer Ausgabeparameter zu liefern, um die
Steuerinformation in der Berechnungseinheit in Er-
widerung auf den Wert eines oder mehrerer Einga-
beparameter auszubilden.

Anordnung zur Messung der Herzfrequenz nach An-
spruch 13, dadurch gekennzeichnet, dass das
Modell ausgebildet ist, um mindestens einen Herz-
frequenzfrequenzparameter als Eingabeparameter
zu empfangen und um die Menge des Lactats im
Kérper als Ausgabeparameter zu liefern.

Anordnung zur Messung der Herzfrequenz nach An-
spruch 14, dadurch gekennzeichnet, dass das
Modell ausgebildet ist, einen oder mehrere Fitnes-
sparameter, die die physische Kondition der Person
beschreiben, zu verwenden, um die Menge des Lac-
tats zu schatzen.

Anordnung zur Messung der Herzfrequenz nach An-
spruch 15, dadurch gekennzeichnet, dass der Fit-
nessparameter die maximale Sauerstoffaufnahme
ist.
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Anordnung zur Messung der Herzfrequenz nach An-
spruch 13, dadurch gekennzeichnet, dass das
mathematische Modell ausgebildet ist, einen oder
mehreren der folgenden Parameter als Eingabeda-
ten zu empfangen: einen oder mehrere physiologi-
sche Parameter, die die Physiologie der Person be-
schreiben, einen oder mehrere Belastungsparame-
ter, die die Ubungsbelastung beschreiben.

Anordnung zur Messung der Herzfrequenz nach An-
spruch 13, dadurch gekennzeichnet, dass das
mathematisch Modell ausgebildet ist, die Menge des
Lactats im Korper der Person auf der Basis des Be-
lastungsniveaus, das die Person wahrend der Fit-
nesslbung erfahrt, zu schatzen.

Anordnung zur Messung der Herzfrequenz nach An-
spruch 13, dadurch gekennzeichnet, dass das
mathematische Modell ausgebildet ist, die Menge
des Lactats im Korper der Person mittels einem oder
mehreren der folgenden Punkte zu schatzen: die
Lactatproduktionsrate in einem Muskel, die Lactat-
abnahmerate im Muskel und das Blutvolumen, indas
das Lactat verteilt wird.

Anordnung zur Messung der Herzfrequenz nach An-
spruch 1, dadurch gekennzeichnet, dass die Be-
rechnungseinheit ausgelegt ist, die Lactatkonzen-
tration im Korper flir das Ausbilden der Steuerinfor-
mation fiir die Rekonvaleszenziibung zu verwenden.

Anordnung zur Messung der Herzfrequenz nach An-
spruch 13, dadurch gekennzeichnet, dass das
mathematische Modell ein neuronales Netz ist.

Anordnung zur Messung der Herzfrequenz nach An-
spruch 21, dadurch gekennzeichnet, dass das
neuronale Netz auf der Basis der Benutzerinforma-
tion, die von einer grof’en Zahl von Benutzern ge-
sammelt wird, trainiert wird.

Anordnung zur Messung der Herzfrequenz nach An-
spruch 21, dadurch gekennzeichnet, dass die
Wichtungskoeffizienten zwischen Neuronen, die
beim Training des neuronalen Netzes verwendet
werden, mittels einer Rickkopplung, die den Wert
einer oder mehrerer Ausgabeparameter verwendet,
spezifiziert worden sind.

Anordnung zur Messung der Herzfrequenz nach An-
spruch 17, dadurch gekennzeichnet, dass der
physiologische Parameter das Alter, das Gewicht,
die GréRRe oder das Geschlecht ist.

Anordnung zur Messung der Herzfrequenz nach An-
spruch 17, dadurch gekennzeichnet, dass der Be-
lastungsparameter die Laufgeschwindigkeit, der Wi-
derstand eines Ubungsfahrrads oder ein ahnlicher
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Parameter ist.

26. Anordnung zur Messung der Herzfrequenz nach An-

spruch 14, dadurch gekennzeichnet dass der
Herzfrequenzparameter die Herzfrequenz, die Va-
riation der Herzfrequenz, die Anderungsrate der
Herzfrequenz oder dergleichen ist.

Revendications

Systéme de mesure de lafréquence cardiaque, com-
prenant des moyens de mesure (410A-410B) pour
mesurer la fréquence cardiaque afin d’obtenir des
informations sur celle-ci, caractérisé en ce que le
systeme de mesure de la fréquence cardiaque
comprend :

une unité de calcul (452) qui est disposée de
sorte a constituer des informations de contrble
a partir des informations sur la fréquence car-
diaque obtenues par mesure pour controler un
exercice de récupération de sorte qu'il soit réa-
lisé aun niveau de fréquence cardiaque inférieur
a une valeur seuil de fréquence cardiaque, la
variation de la fréquence cardiaque étant supé-
rieure a une valeur seuil prédéterminée de va-
riation de la fréquence cardiaque a des niveaux
de fréquence cardiaque inférieurs a la valeur
seuil de fréquence cardiaque, et

les informations de contréle comprennent en
outre une durée suffisante pour I'exercice de ré-
cupération, laquelle durée est estimée au
moyen d’un niveau seuil de concentration de
lactate dans le corps, au niveau duquel I'exer-
cice de récupération peut étre terminé,

des moyens d’affichage (450) pour présenterles
informations de contréle constituées.

Systéme de mesure de la fréquence cardiaque selon
la revendication 1, caractérisé en ce que les infor-
mations de contréle comprennent la durée de I'exer-
cice de récupération.

Systéme de mesure de la fréquence cardiaque selon
la revendication 1, caractérisé en ce qu’il com-
prend une mémoire pour enregistrer les informations
sur la fréquence cardiaque.

Systéme de mesure de la fréquence cardiaque selon
la revendication 1, caractérisé en ce que les
moyens de mesure comprennent une ceinture
d’électrodes pour mesurer la fréquence cardiaque,
le systtme de mesure de la fréquence cardiaque
comprenant en outre une unité de réception qui com-
prend des moyens de constitution et des moyens
d’affichage.
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Systéme de mesure de la fréquence cardiaque selon
la revendication 4, caractérisé en ce que les
moyens d’affichage sont le dispositif d’affichage
d’une unité de réception.

Systéme de mesure de la fréquence cardiaque selon
la revendication 1, caractérisé en ce qu’il est un
unique dispositif de surveillance de lafréquence car-
diaque porté au poignet.

Systéme de mesure de la fréquence cardiaque selon
la revendication 1, caractérisé en ce que I'unité de
calcul est disposée de sorte a calculer que la valeur
seuil de la fréquence cardiaque est comprise entre
45 et 55 % de la fréquence cardiaque correspondant
a la prise d’'oxygéne maximale.

Systéme de mesure de la fréquence cardiaque selon
la revendication 1, caractérisé en ce que I'unité de
calcul est disposée de sorte a calculer que la valeur
seuil de la fréquence cardiaque est comprise entre
60 et 70 % de la fréquence cardiaque maximum
d’'une personne.

Systéme de mesure de lafréquence cardiaque selon
la revendication 8, caractérisé en ce que I'unité de
calcul est disposée de sorte a utiliser la fréquence
cardiaque correspondant a la charge de travail maxi-
mum comme fréquence cardiaque maximum ou la
fréquence cardiaque estimée basée sur I'age de la
personne.

Systéme de mesure de lafréquence cardiaque selon
la revendication 1, caractérisé en ce que l'unité de
calcul est disposée de sorte a utiliser environ 4 ms
comme valeur seuil de la variation de la fréquence
cardiaque.

Systéme de mesure de lafréquence cardiaque selon
la revendication 1, caractérisé en ce que la varia-
tion de la fréquence cardiaque décrit la différence
entre le moment actuel du pouls et le moment atten-
du qui peut étre calculé a partir de la fréquence car-
diaque.

Systéme de mesure de lafréquence cardiaque selon
la revendication 1, caractérisé en ce que l'unité de
calcul est disposée de sorte a former une variation
de la fréquence cardiaque comme déviation stan-
dard a partir de la différence entre un ou plusieurs
moments actuels du pouls et le moment attendu qui
peut étre calculé a partir de la fréquence cardiaque.

Systéme de mesure de lafréquence cardiaque selon
la revendication 1, caractérisé en ce que I'unité de
calcul comprend un modéle mathématique qui est
disposé de sorte a fournir la valeur d’'un ou plusieurs
paramétres de sortie pour constituer les informations
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de contréle dans I'unité de calcul en réaction a la
valeur d’un ou plusieurs paramétres d’entrée.

Systéme de mesure de la fréquence cardiaque selon
la revendication 13, caractérisé en ce que le mo-
déle est disposé de sorte a recevoir au moins un
parameétre de fréquence cardiaque comme parame-
tre d’entrée et fournir la quantité de lactate dans le
corps comme parametre de sortie.

Systéme de mesure de la fréquence cardiaque selon
la revendication 14, caractérisé en ce que le mo-
dele est disposé de sorte a utiliser un ou plusieurs
paramétres de fithess qui décrivent la condition phy-
sique de la personne pour estimer la quantité de lac-
tate.

Systéme de mesure de lafréquence cardiaque selon
la revendication 15, caractérisé en ce que le para-
metre de fitness est la prise d’oxygéne maximale.

Systéme de mesure de la fréquence cardiaque selon
la revendication 13, caractérisé en ce que le mo-
dele mathématique est disposé de sorte a recevoir
'un ou plusieurs des paramétres suivants comme
données d’entrée : un ou plusieurs parameétres phy-
siologiques décrivant la physiologie de la personne,
unou plusieurs parameétres d’effort décrivantla char-
ge de travail de I'exercice.

Systéme de mesure de la fréquence cardiaque selon
la revendication 13, caractérisé en ce que le mo-
dele mathématique est disposé de sorte a estimer
la quantité de lactate dans le corps de la personne
sur la base du niveau d’effort rencontré par la per-
sonne pendant I'exercice de fitness.

Systéme de mesure de la fréquence cardiaque selon
la revendication 13, caractérisé en ce que le mo-
déle mathématique est disposé de sorte a estimer
la quantité de lactate dans le corps de la personne
au moyen de 'une ou plusieurs des données élé-
mentaires suivantes : la capacité de production de
lactate dans un muscle, le taux de réduction de lac-
tate dans le muscle et le volume sanguin dans lequel
le lactate est diffusé.

Systéme de mesure de la fréquence cardiaque selon
la revendication 1, caractérisé en ce que l'unité de
calcul est disposée de sorte a utiliser la concentra-
tion de lactate dans le corps en constituant des in-
formations de contrdle pour I'exercice de récupéra-
tion.

Systéme de mesure de la fréquence cardiaque selon
la revendication 13, caractérisé en ce que le mo-
déle mathématique est un réseau neuronal.
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Systéme de mesure de la fréquence cardiaque selon
larevendication 21, caractérisé en ce que le réseau
neuronal estformé sur la base des informations d’uti-
lisateur collectées a partir de nombreux utilisateurs.

Systéme de mesure de la fréquence cardiaque selon
larevendication 21, caractérisé en ce que les coef-
ficients de pondération entre des neurones utilisés
dans la formation du réseau neuronal ont été spéci-
fiés au moyen de feedback utilisant la valeur d’'un ou
plusieurs parametres de sortie.

Systéme de mesure de la fréquence cardiaque selon
la revendication 17, caractérisé en ce que ledit pa-
rameétre physiologique est I'age, le poids, la taille ou
le sexe.

Systéme de mesure de la fréquence cardiaque selon
la revendication 17, caractérisé en ce que ledit pa-
rametre d’effort est la vitesse de course, la résistan-
ce d’un vélo d’exercice ou un parametre similaire.

Systéme de mesure de la fréquence cardiaque selon
la revendication 14, caractérisé en ce que ledit pa-
rametre de fréquence cardiaque est la fréquence
cardiaque, la variation de la fréquence cardiaque, la
vitesse de changement de la fréquence cardiaque
ou similaires.
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300 START/
FORMING OF
MODELS

302 SELECT NEURAL NETWORK PARAMETERS, E.G.
PHYSIOLOGICAL PARAMETERS OR STRESS PARAMETERS
DESCRIBING EXERCISE WORKLOAD

304 COLLECT USER DATA TO FIND OUT DEPENDENCIES
OF NEURAL NETWORK, E.G. TO DETERMINE
DEPENDENCY BETWEEN INPUT PARAMETERS AND
STRESS LEVEL

306 FORM PHYSIOLOGICAL MODEL WHERE LACTATE IS -
CALCULATED ON THE BASIS OF STRESS LEVEL, FITNESS
LEVEL, LACTATE PRODUCTION, LACTATE REMOVAL AND
LACTATE VOLUME, FOR EXAMPLE

308 END/
FORMING OF
MODELS

FIG. 3A
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320 START /
PRE-ADJUSTMENT
OF MODELS

322 FEED USER'S PHYSIOLOGICAL PARAMETERS, E.G.
AGE, GENDER AND WEIGHT, TO NEURAL NETWORK
MODEL

324 FEED STRESS PARAMETERS DESCRIBING
REFERENCE EXERCISE WORKLOAD TO NEURAL
NETWORK MODEL

326 PERFORM REFERENCE EXERCISE TO DETERMINE
FITNESS PARAMETERS DESCRIBING USER'S CONDITION
BY MEANS OF HEART RATE INFORMATION

328 END/
PRE-ADJUSTMENT
OF MODELS

FIG. 3B
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340 START

342 ESTIMATE PERSON'S MAXIMUM EXERCISE HEART
RATE USING FORMULA (220-AGE)

344 CALCULATE APPR. 63% OF MAXIMUM HEART RATE TO
FORM PERSON'S THRESHOLD HEART RATE; THRESHOLD
HEART RATE CORRESPONDS TO CHANGE POINT OF
HEART RATE VARIATION

346 PERFORM EXERCISE DURING WHICH LACTATE
CONCENTRATION IN PERSON'S BODY IS ESTIMATED BY
NEURAL NETWORK MODEL AND PHYSIOLOGICAL MODEL

348 FINISH EXERCISE AND START RECOVERY EXERCISE
WHICH IS PERFORMED AT HEART RATE LEVEL BELOW
THRESHOLD HEART RATE

350 CONTINUE RECOVERY UNTIL LACTATE
CONCENTRATION HAS DROPPED TO LEVEL AT WHICH
RECOVERY CAN BE DEEMED TO HAVE TAKEN PLACE

352 END

FIG. 3C
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