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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a method for deriving information on exercise and physical activity induced
changes in body fatigue, wherein parameters from the measurement of a physiological signal are obtained as input and
these parameters being information on the intensity of exercise or physical activity. More generally speaking the invention
relates to the monitoring of body functions, in particular to methods that are aimed to describe exercise and physical
activity. The invention relates also to a method for deriving predictions on body fatigue and recovery during physical
exercise and while recovering from such exercise. The term "body fatigue" means here also its counterpart, homeostatic
disturbance induced by physical activity.
[0002] The current invention presents a procedure for predicting body fatigue during exercise and re-covery from
exercise on the basis of physiological measurement.

2. Description of the Prior Art

[0003] The control of exercise intensity, duration, and information from fatigue and recovery from the exercise are key
elements in maintaining and achieving a good physical fitness and especially important in health enhancing physical
activity, wherein exercise is directed to improve health and fitness. In particular, for individuals that suffer from some
clinical condition, such as cardiovascular disease, it is extremely important to maintain physical activity within safe limits.
In athletic sports, disturbance of homeostasis induced by training exercises is also important for attaining a training effect.
[0004] The accumulation and reduction of the effects of exercise on the body is described in this document by two
related concepts, body fatigue and recovery. Body fatigue is defined as a decrease of physiological resources due to
the effects of exercise and physical activity. Recovery from physical exercise is defined as the restoration of physiological
resources that has been used during the accumulation of body fatigue during exercise.
[0005] It has been generally accepted that especially the balance between exercise and recovery is important in
athletic training and sports. Optimal training requires a disturbance of homeostasis and enough rest to recover from the
exercise. This may be a hard goal to achieve for a person engaged in physical exercise and training, since exercise
methods are mainly based on experience and general knowledge on the physiology. If exercise bouts are too mild, no
positive training effect occurs because disturbance to the homeostasis has been minimal. On the other hand, if exercise
bouts are scheduled too severe and too frequent, negative training effect may occur because bodily functions have not
been restored properly. To gain positive training effect exercise bouts must be scheduled optimally, in order to give the
body a chance to adapt a new level of functioning.
[0006] To summarize, a method that would give feedback on body fatigue and time required for recovery on the basis
of individual’s own physiological characteristics and responses to exercise would be certainly helpful to many individuals
engaged in health enhancing physical exercise and fitness training and would potentiate more optimal and safe training
schedules.
[0007] Oxygen consumption (VO2), that is, the rate of oxygen intake, is a central mechanism in exercise and provides
a measure to describe the intensity of the exercise. Oxygen is needed in the body to oxidize the nutrition substrates to
energy and therefore VO2 is very tightly coupled with the energy consumption requirements triggered by exercise and
physical activity. American College of Sports Medicine Position Stand recommendations for exercise prescription (ACSM
1998) suggests the use of VO2 for the measurement of physical activity.
[0008] The level of oxygen consumption can be measured by different methods. The most accurate methods rely on
the measurement of heat production or analysis of respiratory gases but require heavy measuring equipment and are
therefore restricted to the laboratory environment. There are also more cost effective and practical means to estimate
oxygen consumption using indirect methods based on the measurement of, for example, heart rate, ventilation, skin
temperature, or movement. In particular, there is a close relationship between heart rate and oxygen consumption during
exercise as increased oxygen consumption in the muscles requires an increase in circulatory volume. Heart rate is a
major determinant of the circulatory volume and often provides a reasonable estimate of the oxygen consumption.
[0009] Maximal oxygen consumption (VO2max) is defined as the maximal rate of oxygen intake during exhaustive
exercise and denotes person’s ultimate capacity for aerobic energy production. Usually this is achieved by stepwise
exercise protocol to a voluntary exhaustion (maximal exercise stress test), during which the oxygen uptake is measured.
Also non-exercise methods are available to estimate person’s VO2max based on individual characteristics such as, for
example, age, sex, anthropometric information, history of physical activity, or resting level physiological measurements
(e.g. Jackson et al. 1990).
[0010] Knowing the absolute oxygen consumption rate at which a person is exercising and the maximal attainable
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oxygen consumption of the same person, exercise intensity can be described as a percentage of the maximum. This is
crucial, as maximal values of VO2 can vary markedly between subjects. Thus, two persons that differ in their maximal
VO2 but exercise at the same relative intensity have similar exercise impact on their bodies.
[0011] Athletic training and physical exercise in general has acute effects on body resources and body fatigue. The
accumulation of body fatigue depends on and is determined by the characteristics of the exercise, including intensity,
duration, and phase of the exercise. At high exercise intensities the energy requirements increase and induce a propor-
tional reduction of available body resources. The mobilization of body resources is associated with accelerated physi-
ological function and involves increased levels of oxygen consumption, circulation, ventilation, and hormone secretion
(e.g., catecholamines). Metabolic function during exercise is characterized by increased rate of energy release from
carbohydrates and body fats, and involve also by-products such as lactate, all of which reduce the level of metabolic
resources available in the body.
[0012] The physiological processes of recovery from exercise involve a renewal of consumed body resources and
are generally characterized as opposite to those during exercise. The level of physiological function shows attenuation
towards normal levels. The recovery of metabolic resources involves replenishment of energy stores (e.g., glycogen)
and removal of exercise-induced by-products (e.g., lactate). The process of recovery requires oxygen and therefore
VO2 and heart rate remain elevated after exercise and may be used as composite indicators of the replenishment of the
resources in the body. This indicates that the extend of exercise induced fatigue may be determined by the characteristics
of the recovery process after the exercise.
[0013] The prior art has also documented some work on the measurement of exercise levels and stress on the basis
of heart rate variability (HRV). HRV denotes the extent of rhythmic changes evident in the heart rate. The relationship
of the heart rate variability to the exercise and stress is well known and documented in the prior art. Golosarsky and
Wood (U.S. patent 5,891,044), Heikkilä and Pietilä (U.S. patent 6,104,947), and Hoover (U.S. patent 6,212,427) have
all implemented a technique of determining the stress caused by exercise using different types of indices based on HRV.
These methods usually require preset individual thresholds and state declarations, as defined by the user or history
values, to give an estimate of the level of stress caused by the exercise and workload. The described methods are
relatively simple, easy to implement and provide feedback on the acute exercise load.
[0014] It has been shown earlier that the amplitude of the HRV is associated with the intensity of physical activity. It
is also known that HRV is associated with the aerobic threshold of the metabolism, which usually occurs at approximately
50-75% of maximal intensity in exercise (Tulppo et al., 1996). It is therefore clear to anyone experienced in the art that
the HRV is primarily a measure of the intensity of the exercise and therefore provides little if any information on the
dynamic phenomena of accumulation of body fatigue during different phases of the exercise. Thus, the described
measures are primarily dependent on the instantaneous characteristics of the exercise and are not capable of adapting
to temporal dynamics in different phases of the exercise. For example, during a short but intensive exercise HRV reflects
high stress than considerably longer exercise with lower intensity, although in this case the longer duration exercise
could accumulate, in effect, higher levels of body fatigue and a longer time required for recovery.
[0015] Prior art has documented work on deriving information on the accumulation of body fatigue and exhaustion as
due to physical workload. Bernard, Sherwin, Kenney, William and Lewis (U.S. patent 4,883,063) have presented a
method for monitoring heat stress, as especially occurring in a hot factory environment. The levels of heart rate and skin
temperature are used within predefined temporal window to monitor potential exhaustion and a warning is triggered if
a predefined threshold value is passed. The solution also includes an assessment of recovery on the basis of heart rate
measurement, during which the person has to stay at rest for few minutes.
[0016] It is apparent to one skilled in the art that the method of Bernard et al. is designed for the analysis of tonic
workload with known properties (e.g., heat stress). In most real life occasions, intensity of the exercise may vary markedly
with different phases of the exercise due to, for example, conditions (e.g., up- and down hills), training mode (walking
and running), or any means of controlling exercise intensity due to, for example, sports characteristics, physiological
state or training protocol. The method of Bernard et al. is dependent on the instantaneous levels of the heart rate and
skin temperature and therefore, in a similar manner to the methods based on HRV, does not include history information
on the accumulation of body fatigue. The method may provide reliable results within constant working environment with
known workload, but it is clearly not sufficient for monitoring body fatigue during exercise, wherein the level of heart rate
is heavily dependent on the intensity of the exercise and thus does not indicate level of exhaustion.
[0017] The method presented by Bernard et al. has also some limitations with regards to the monitoring of recovery.
The estimation of the recovery is somewhat problematic in the described method, since it requires few minutes of rest
and is not therefore applicable to continuous monitoring of recovery within dynamic changes in exercise phases and
intensities. In general, the method does not involve a differential estimation of the recovery component, which impairs
the estimation of the recovery during dynamic exercise, wherein a decrease in exercise intensity may induce a reduction
in recovery state. All this implies that the described method is not capable of producing continuous information on
recovery and does not predict the amount of recovery required in advance to the onset of actual recovery.
[0018] To summarize, the monitoring of exercise effects on the body is not possible with a model that does not take
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into account the fact that exercise has a cumulative impact in the accumulation of the body fatigue and that it is not equal
at different intensities and phases of the exercise. The description of the prior art clearly indicates that the described
methods are highly dependent on the exercise state and do not contain cumulative information on the accumulation of
fatigue through the exercise. The described methods neither do potentiate a continuous monitoring of recovery, which
would be most important in any condition wherein the exercise is dynamic and the user would benefit from the information
on the onset and progress of recovery.

OBJECTS AND SUMMARY OF THE INVENTION

[0019] The object of the present invention is to provide new types of apparatuses for monitoring and controlling the
processes body fatigue and recovery of persons engaged in fitness training and physical exercise. The characteristic
features of the invention are disclosed in the accompanying Claims. According to the preferred embodiments, the
innovation potentiates the monitoring of the body fatigue during exercise and recovery from exercise without the need
for any external professional aid. The invented procedure is based on the measurement of one or more physiological
parameters that describe the intensity of the exercise, such as heart beat, movement, ventilation, skin temperature,
energy consumption, or oxygen consumption.
[0020] The innovation offers a method of tracking continuously the influence of exercise on body fatigue and recovery
from exercise without the need of restricting to laboratory environment or equipments. The procedure can be used to
provide real time feedback on exercise status and body fatigue to optimize physical exercise, sports training and recovery,
and to provide predictions of time to become exhausted during exercise and time requirements for body recovery.
[0021] The present innovation includes several features that clearly differentiate it from the prior art and provide new
benefits for the user. (1) The formation of the body fatigue index (BFI) is based on a set-up wherein the actual extent of
recovery time required following the exercise are used to determine the properties and dynamics of the accumulation
of the body fatigue effect. (2) Given that the physiological determinants of the body fatigue may be measured only after
exercise while recovering, the present procedure predicts the expected recovery requirements already during the exer-
cise, in advance to the actual recovery after the exercise. (3) After exercise, the comparison of the actual monitoring of
recovery with the predictions based on BFI provides information on the progress of the recovery process. (4) The
procedure is capable of including accumulative information on the past and is not a simple state measure of exercise
stress, which potentiates the use of the procedure in tracking exercise effects during exercise with dynamic shifts in
intensity and duration.
[0022] The computational part of the exercise-phase dependent accumulation of BFI, as solved in the present inno-
vation, may be generally described with the following functional notation, 

wherein the recursive implementation of the accumulation of the BFI has the benefit of not having requirements for
knowing the beginning time of the exercise and different durations of exercise at varying intensities. As with other
solutions, wherein the increment in the body stress is dependent on the instantaneous characteristics of the exercise,
as derived from, for example, measured or estimated oxygen consumption or heart rate, the present solution contains
inherently history information on the exercise and is capable of adapting to dynamic changes in exercise intensity with
different phases of the exercise. ∆t denotes the time difference between consecutive sampling points.
[0023] Accumulated body fatigue index (BFI) is determined in a manner, wherein one or more parameters from the
measurement of one or more signals are obtained sequentially (typically 1 - 60 s) as input and these parameters being
information on the intensity of physical activity. BFI has a predetermined initial value (e.g. zero), next BFI value is always
a sum of BFI-value and a further value, and the further value is either calculated using the upslope component or using
a combination of upslope and downslope components. The upslope component and the optional downslope component
are each determined with a function, which is scaled by a preset physiological character. Most preferably these functions
are independent from the duration of the physical activity, which means that both components give the new difference
without information about the duration of physical activity. In the calculation instead of BFI may be used an intermediate
measure reflecting accumulative physical activity, which is then transferred to BFI-value.
[0024] A reader with experience in the art may easily perceive that the level of sophistication and function in the present
innovation is advanced to the prior art and that the present innovation involves several features that are clearly distin-
guishable. In particular, the present innovation is not being based on direct monitoring of measures related to exercise
state, such as heart rate variability.
[0025] The invention may be applied to and in association with devices such as heart rate monitor and other mobile
or wearable computing devices, fitness equipments, and software, wherein there is the capability to receive information
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on one or more physiological measures, such as oxygen consumption, heart beat, skin temperature, or respiratory
activity. This procedure may also be highly useful in the context of the ambulatory ECG and heart beat analysis systems
wherein it is of importance to detect whether the source of increased heart rate is based on exercise and physical activity
induced effects on the body or due to other source that has an accelerative effect on the cardiovascular system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

Figure 1a. and 1b. Two examples of the upslope component of the BFI as a function of previous level of accumulated
BFI and exercise intensity.
Figure 2. The relationship between time in minutes and oxygen depth left in percents presented with an empirical
data. The figure also includes a mathematical model estimated from the data.
Figure 3. The weight function to combine down- and upslope components as a function of exercise intensity.
Figure 4. A flowchart presenting the calculation-of the Bfi and explanation of flowchart symbols.
Figure 5. The calculation of upslope component.
Figure 6. The calculation of downslope component and recovery history.
Figure 7a. A flowchart presenting the modeling of time to exhaustion or other limit or target e.g., training effect.
Figure 7b. A flowchart presenting the modeling of time point of recovery or other limit.
Figure 8. An example of oxygen consumption measurement that is scaled in proportion to maximal oxygen con-
sumption (8a) and BFI (8b) during exercise.
Figure 9. An example of the use of the modeling of fatigue.
Figure 10. An example of the real-time determination of the training effect on the basis of accumulated training load
and fatigue accumulation.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0027] The innovation is described here with the aid of an example implementation. It should be noted that the described
system is not bound to any specific model or specifications, but rather, different alterations, forms, and improvements
are possible. Thus, the following merely contains a description of the preferred embodiments of the innovation.
[0028] The preferred embodiment applies oxygen consumption as the input physiological measure. Given the relative
difficulty in measuring oxygen consumption directly, the level of VO2 is estimated on the basis of heart beat, for example,
by applying a polynomial equation or a more complex function relating heart beat level to the level of VO2. However, it
is important to notice that whereas the VO2 is used here to index exercise intensity, also other measures, such as heart
beat level, respiratory interval and ventilation, skin temperature, energy consumption, and movement and acceleration,
may be used directly without any transformation to VO2 to estimate exercise intensity and physical activity, or may be
used indirectly by using a transfer function to estimate VO2 or other quantity that relates to the intensity of physical
activity. One possible embodiment would derive information on the intensity of physical activity from physical workload,
such as that obtained from fitness equipment or from information on distance, speed, or altitude changes during workout,
for example. It is also of note that the required input signal in physical activity levels may also be a combination of two
or more signals. Such a case would be preferred for example, in terms of fitness equipments wherein it would be useful
to use information on both heart rate and physical workload to derive reliable index of the level of physical activity.
[0029] The input value of the VO2 is presented as proportional to the maximum in the illustrated example of the
preferred embodiment of the innovation; it should be, however, clear to anyone experienced in the art that the scope of
the present innovation does not in any manner limit the use of any of the input measures or derived measures in either
absolute values, or as proportional to maximum, minimum, or both maximum and minimum (so called reserve) values.
Different scaling options should be considered to gain optimal results when applying the present innovation in different
contexts. The optional maximum or minimum values may be either inputted by the user, may be preset, or may be
derived from the existing user data.
[0030] In this innovation, the scale and measurement of body fatigue index (BFI) is performed through the estimation
of the level of recovery demands after exercise. The preferred embodiment described here uses the magnitude of the
VO2 that is in excess to the acute body demands determined by the level of physical activity as an index of body fatigue.
This is based on the notation that the extent of recovery processes to be carried out in order to return to the normal
homeostasis of the body and therefore the extent of BFI are reflected in the quantity of excessive VO2 consumption
after the exercise. Another preferred or alternative methods of estimating the extent of recovery demands would consist
of determining the extent of additional heart rate or heart rate variability level when compared to baseline, or lactate
levels during or after the exercise. In addition to increased oxygen consumption, increased heart rate level, decreased
heart rate variability and increased lactate concentration, there may be other indices forming a scale to the recovery
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demands as well, such as glycogen concentration, other metabolic or hormonal indices, and self-reported levels of
perceived exertion.
[0031] It is important to understand that the purpose of using physiological measures of recovery is to provide preset
values on the dynamics of how body fatigue accumulates. In another words, these measures provide a scaling for the
accumulation of BFI upon different duration, intensity, and phases of physical exercise. Thus, for example, the amount
of increased oxygen consumption after exercise may be used to indicate the degree of body fatigue that is accumulated
during the exercise. Nevertheless, as indicated above, the present innovation is not restricted to the above measures
only, but rather, allows the use of other types of measures to index the amount of recovery demands after exercise.
[0032] Given that the measures of body fatigue and recovery can be monitored only after the exercise, when the actual
recovery is in progress, poses a problem for the generation of feedback already during the exercise for a user engaged
in exercise and physical training. The present innovation solves this problem by predicting the extent of recovery re-
quirements already during the exercise, before the recovery has actually occurred, which allows to represent feedback
on exercise status and body fatigue on a real-time basis. This procedure is based on an iterative model that predicts
the post-exercise increase in the oxygen consumption during the exercise. The iterative, real-time solution of predicting
post-exercise increase in oxygen consumption may have been possible by fitting a recursive, real-time capable algorithm
to the database consisting of recovery assessment in combination with different exercise intensities and durations.
[0033] The BFI is formed in a recursive manner using the previous values of the BFI and the intensity of the exercise
at the moment. The modeling of BFI and recovery is based on the computation of two components, an upslope component
and a downslope component. Figure 4 illustrates an overall view of the system.

[0034] Equation 1 (Figure 5) summarizes the calculation of the upslope component in this example. It is a composition
of genuinely ascending piecewise linear function y and its inverse y-1. Function y models the upslope as a function of
former body fatigue index BFIt, time difference between observations ∆t and exercise intensity at current time instant t.
To model the BFI already cumulated in the system the inverse y-1 solves the time needed to reach the former BFI level
with current intensity. The addition (i.e., sum) of two time components, the time difference ∆t and y-1(BFIt) is used to
calculate the new upslope value with the function y. Time difference ∆t expresses the distance in minutes between the
former and current BFI values.
[0035] In this manner, the upslope component is capable of responding to the duration of exercise and past accumu-
lation of body fatigue without forcing the model or user to classify the end and beginning of the exercise. The function
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relating exercise intensity and accumulated BFI to the upslope (i.e., increasing) component of the BFI is illustrated in
Figure 1a. The intensity of the exercise is in proportional units (e.g., percents).More advanced functions would take
account the accumulated value in addition to the exercise intensity in upslope difference, see Figure 1b.
[0036] The specific implementation of the upslope is dependent on the scale of physiological quantity that it is being
referred to. The degree to which the previous value of BFI is taken into account in the calculation of the upslope component
is, in part, determined by the physiological conditions to which the scale of BFI is referred to. Accordingly, empirical
characteristics of the physiological quantity that is being indexed by BFI may determine some of the properties of the
upslope component of BFI.
[0037] There are several types of general implementations for the upslope. In this particular example and Figures 1a
and 1b it is shown that the upslope may be presented as an accumulative difference (i.e., increase) from the previous
data point. Another implementation would determine the next value of BFI directly on the basis of previous level of BFI
and current physical intensity (not shown).
[0038] It is also of note here that the upslope component may be also preset to take into account different phases of
the exercise, so that the implementation of the BFI would include information on state and exercise phase dependent
physiological conditions. The decision to implement this information is, of course, dependent on the physiological quantity
which scale is being determined. The unknown parameters of the example implementation of the upslope component
presented in Equation 1 are solved with empirical data containing at least the intensity of the exercise, time and accu-
mulated BFI in the end of the recording. The quality of the empirical data should be considered to have adequate scaling
of the phenomena, i.e., exercises with different intensities and duration. 

[0039] The downslope component is a genuinely decreasing function of time. The function is based on the modeling
of the recovery after physical exercise, wherein the progress of the recovery is determined by a physiological measure-
ment, such as the increased rate of oxygen consumption after the exercise, as used in the example of the preferential
embodiment. Other useful indices would be the extent of heart rate that is above rest or acute physical demands,
decreased HRV, and lactates, the recovery of all of which components to resting levels is determined on the exercise
characteristics and accumulated body fatigue. In the present embodiment the progress of the decrease in BFI is based
on a proportional model of decrease as a function of recovery time, that is, the shape of the proportional recovery function
is not affected by the quantity of BFI. Naturally, the downslope-component may be constructed alternatively as a more
complex model, e.g., as a function of time, body fatigue or exercise intensity. Figure 2 illustrates the model of the
proportional recovery, which is based on the empirical data on the quantification of the rate of excessive oxygen con-
sumption after the exercise. The recovery is exponentially inversely proportional to time, i.e., at the beginning the progress
of the recovery is the fastest.
[0040] An example implementation of the formulas and parameters of the downslope component are presented in
Equation 2 and Figure 6.. In this case, the downslope is based on EPOC (i.e., excess post-exercise oxygen consumption,
which is also often referred to as oxygen debt), the extent of physical activity induced heightened level of oxygen
consumption after the cessation of physical activity, and it is clear that if the recovery of heart rate, heart rate variability,
lactate, or other quantitative measure of recovery demands were used as a reference of formulating the downslope, the
form of the equation would be substantially different. It is also evident to one skilled in the art that, in order to formulate
optimal downslope function, the data that is used in the formation of the downslope component may be scaled according
to preset criteria such as between 0 and 1, for example, to standardize the reference data-set.
[0041] Exercise and physical activity may consist of several periods of increased physical activity and following periods
of recovery. These "exercise bouts" and periods of decreased physical activity may be described as separate components
that each have their own recovery function (i.e., downslope) and which, when combined, form the total amount of BFI.
In this manner, the characteristics of the physical activity in the near past affect the progress of recovery by including
the computation of separate downslope components for previous bouts of exercise and physical activity.
[0042] A BFI peak is defined as the value of BFI at time point wherein the current value of BFI is higher or equal to
the previous value of BFI and the next value of BFI is lower than the current value of BFI. The value of each BFI peak
is stored in the system.
[0043] In some point the effect of the prior peaks in BFI are no longer stored in the system or taken to consideration
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in the accumulation of increases in BFI. These incidents may be defined with a threshold value (e.g., preferably absolute
quantity) or based on other criterion, such as the percentual distribution of the recovery.
[0044] In current embodiment the BFI peaks are ignored for the simplicity of the calculation. However they become
important if more accuracy is required and the phenomenon is wanted to be described more precisely. With the current
preferred embodiment the BFI is not affected by the history implying that the current value is only affected by the previous
BFI, current intensity and time between the measurements. 

[0045] The combination of the down- and upslope components is presented in Equation 4. The first function y1 ex-
presses the level BFI in the system. The second function y2 gives a combination of the down- and upslope components
as a weighted average where the weights are expressed as a function of exercise intensity. An example of the weights
of the components determined as a function of exercise intensity is illustrated in Figure 3 and Equation 3, where p1 and
p2 are set zero and one respectively. The maximum of these functions is used as a new BFI.
[0046] The combination of upslope and downslope components provides the difference in the BFI from the previous
value of the BFI. Correspondingly, the new level of BFI is obtained from summing the combination of upslope and
downslope components with the previous value of the BFI. The BFI may be used as such, wherein it denotes the level
of the predicted measure (e.g., the expected amount of additional VO2 consumption during recovery) or as in proportional
units, where the index is being referenced to preset or individual maximum values of body fatigue.
[0047] The use of the weighting functions is optional in combining the two upslope and downslope components, since
the same weighting properties that are dependent on the exercise intensity can be also set into upslope and downslope
components directly. For example, in the particular implementation of the upslope presented in Equation 1 the weighting
of upslope in combination is optional since the exercise intensity based weighting can be included already in the calculation
of upslope. However, the benefit of using the additional weighting of upslope and downslope components is in that it
provides additional means of controlling the accumulation and decrease of BFI according to the physiological conditions
and scale.
[0048] It is important to notice that this innovation may be also implemented without the separate downslope component,
wherein the so-called upslope component would contain some of the properties of the downslope component, so that
at low intensities of physical activity the change in BFI value would be negative and thus, BFI would decrease. This
implementation might be preferred in some contexts wherein the recovery of a particular physiological condition is
relatively straightforward and may be presented as a continuum from maximal recovery to maximal increase.
[0049] Another implementation may be using only the upslope component to quantify an accumulative index of the
desired physiological index during a condition wherein there is no recovery of recovery is not in the scope of measurement.
[0050] According to a yet another implementation, the information on the accumulative properties of the BFI may be
used to form a pre-defined set of parameters that may be used to characterize the accumulative process of BFI. In this
manner, for example, the present innovation and the presented embodiments may be used as a training set to another
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method. Another example would the use of the present innovation and embodiment to form a table that would include
the accumulative accounts of the present innovation and could be referred to in terms of, for example, duration of exercise
and intensity of exercise, and yet would give an estimate of BFI that would inherently include information on the accu-
mulated value of BFI.
[0051] Time to exhaustion refers to the estimated time (e.g., in minutes) that the user can engage within present level
of exercise intensity before the occurrence of physical exhaustion. Time to exhaustion is an example of a preset upper
limit that may be used to determine the time interval to a certain physiological condition or effect. Time to exhaustion is
defined with a threshold value indicating the maximum possible body fatigue for the individual and with an inverse of
the upslope component indicating the time to reach the threshold with the chosen exercise intensity. Fig. 7a presents a
flowchart illustrating the calculation of time to exhaustion. Another very useful preset limit would be training effect, that
is, the time that is required to exercise at a given intensity to gain a certain training effect, where the upper limit for the
gaining a particular training effect is determined by the accumulation of BFI that has been related to a physiological
effect. Thus, for example, a limit for an improving training effect may be preset to a EPOC level of 250 ml/kg. In this
case, it is especially fruitful to interpret the maximal value of BFI, which indicates the total integrated training effect of a
particular training session.
[0052] Another very useful upper limit would be, for example, a level of BFI that would be optimal for energy consumption
during low to medium intensity exercise. In this embodiment, the user could be also given information not only on the
time that is required to gain the upper limit, but also information on whether the upper limit would be reached too early
to gain optimal weight management results. In a similar manner, other embodiments are also possible in terms of gaining
specific fitness effects and for the control of, for example, physical activity in elderly people or clinical condition wherein
it is important to exercise within defined range.
[0053] One embodiment would integrate two or more measures of maximal values of BFI to form a longer-term
information on the accumulated workload and fatigue of a training program. Thus, one might for example gain information
that, when two or more maximal BFI values are combined, the training has been too hard or too low for a given period,
say, week. This may potentiate a very useful training aid for persons that are willing to gain specific fitness effects by
training. To give information on such conditions, the scaling of BFI may be defined according to the specific criteria of
the training program (e.g., beginners program, marathon program) and physiological characteristics of the user (e.g.,
maximal oxygen consumption, VO2max).
[0054] Recovery time refers to the estimated time (e.g., in minutes) that will be taken for the user to perform acute
recovery from the exercise, given that the user would begin recovery at the time instant. Recovery time is calculated
from the inverse function of Equation 2 and recovery threshold, i.e. the time needed to reach the recovery threshold is
estimated. The recovery history is used as before. Figure 7b presents a flowchart illustrating the calculation of recovery
times. In a similar manner to the upper limits described above, a preset limit may be set to any level characterizing
physiological condition, which may be then used to determine the expected time period that is required until the pre-
defined physiological condition is achieved. This information may be obtained both during the exercise and after the
exercise.
[0055] The prediction of the recovery of the autonomic nervous system, in specific heart rate and heart rate variability,
from exercise and physical activity related effects potentiates the monitoring of the progress of the actual recovery
process. This may be achieved by applying, as a preferred embodiment, a comparison between observed heart rate
level and predicted heart rate level. A higher heart rate level than that predicted indicates that recovery is progressing
with a slower rate than that expected and, in a similar manner, a lower heart rate level than that predicted indicates that
recovery is progressing with a faster rate than that expected. This procedure enables the production of information on
the rate of recovery on the basis of comparing the observed level of heart rate to predicted level of heart rate. The
advantage of this method is that it provides a method of evaluating the rate of recovery to the expected rate of recovery
due to cumulated body fatigue, thus providing information on the progress of recovery from exercise as associated with
the present state of the body.
[0056] It is well-known that, following exercise and physical activity, cardiovascular system and in particular heart beat
level shows an increased level of activity. This poses a problem for the analysis of ambulatory heart beat signal, wherein
it is of importance to differentiate physical activity induced autonomic nervous system reactivity from other sources of
reactivity, such as, for example, physical or mental stress. As an application, and in accordance with the present inno-
vation, BFI, shape of recovery (i.e., as determined by downslope component) and the predicted recovery levels of heart
rate level and heart rate variability levels may be used to differentiate the effects of physical activity associated autonomic
nervous system reactivity from other sources of reactivity. When using this application, a recovery function of heart rate
and HRV based on empirical data similar to that as presented in Figure 2 provides a model-based prediction for the
recovery of heart rate level after exercise and potentiates a detection and differentiation of exercise induced reactivity
from other sources of reactivity.
[0057] The level of predicted oxygen consumption during the recovery may be also used to correct the estimates of
oxygen consumption and energy consumption that are based on the use of heart rate level or other input, since the level
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of heart rate may be provide accurate information on the oxygen consumption level and energy consumption level during
recovery from exercise and physical activity. The BFI may be also useful in enhancing the accuracy of estimating oxygen
consumption and energy consumption during different phases of exercise, since the relationship of, for example, heart
rate to the oxygen consumption and energy consumption is different at the beginning of exercise and after some period
of exercise. To summarize, given its accumulative and dynamic properties of the BFI, it can be used as a source of
information on the phase and exercise dynamics in general to provide additional accuracy for the various methods of
deriving information on oxygen consumption and energy consumption.
[0058] In Fig 8 there is the input signal of physical activity (oxygen consumption) corresponding to BFI presented in
Fig 8b. Recovery periods of BFI are well seen between exercise periods. Scaling is arbitrary.
[0059] An example of the use of the modeling of fatigue is presented in Figure 9. Accumulated training load as measured
in the quantity of exercise-post oxygen consumption (EPOC, which is also often referred to as oxygen debt), that is, the
extent of additional oxygen consumption after exercise (as expressed here in ml/kg), in the context of interpreting and
predicting training effect and recovery demand are shown during exercise. In this particular example the limits of the
training effect are set as reflecting temporal length and intensity of exercise that is required to gain a certain amount of
EPOC inducing a particular training effect. In this figure, based on the amount of EPOC, there are five different pre-
determined zones of training effects: (1) No training effect, (2) Minor (maintaining) training effect, (3) Improving training
effect, (4) Highly improving training effect, and (5) Overreaching training effect. It is of note here that a particular level
of fatigue and recovery demand is associated with each zone of training effect, recovery need being highest in zone 5.
It should be in particular noted that the limits may be set according to user’s background characteristics (e.g., fitness
level, sex, training background) and according to specific aims (e.g., to loose weight, gain fitness effects and endurance).
[0060] An example of the real-time determination of the training effect on the basis of accumulated training load and
fatigue accumulation is shown in Figure 10. This should be interpreted in a Similar manner to Figure 9.
[0061] Implementations of the invention can be a computer software in a personal computer, a heart rate monitor
(wrist top computer), ECG -monitoring or pulse monitoring equipment such as a cardiac pace maker and an ergometer
(a stationary bicycle) or other fitness exercise equipment. Generally an implementation consists of a processing unit, a
terminal, software and at least one input device.

Claims

1. Method for providing an index (BFI) depicting a person’s accumulated body fatigue, the method comprising steps of:

- measuring the person’s intensity of physical activity through one or more parameters from the measurement
of one or more signals obtained sequentially as input said parameters being information on the intensity of the
person’s physical activity;
- setting a predetermined initial value to the index (BFI);
- calculating an upslope component and if any a downslope component of the index (BFI) using said parameters;
- calculating each next value of the index (BFI) value as a sum of the value of the index (BFI) and a further
value, wherein
- the further value is either calculated using the upslope component or using combination of the upslope and
the downslope components;
- each said component is calculated according to a function, which is scaled by a preset physiological character.

2. Method according to claims 1, characterized in that the function is independent from the duration of the physical
activity.

3. Method according to claim 1 or 2, characterized in that the preset physiological character relates to an accumulated
value, which is a function of quantity of body requirements for recovery after exercise and physical activity.

4. Method according to any of claims 1- 3, characterized in that the preset physiological character relates to an
accumulated value, which is a function of a training effect.

5. Method according to any of claims 1 - 4, characterized in that the downslope component of the index (BFI) estimates
recovery and decrease in the index (BFI with decreasing physical activity.

6. Method according to any of claims 1- 5, characterized in that it is determined a prediction of the time interval after
which the user engaged in physical activity is expected to attain a preset limit due to accumulation of body fatigue
that is induced by continuing physical activity in the chosen intensity.
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7. Method according to any of claims 1 - 4, characterized in that the index (BFI) is determined by the prediction of
the time interval requirements for recovery after the physical activity.

8. Method according to claim 1, characterized in that information on the increased heart beat level during recovery
is determined.

9. Method according to claim 1, characterized in that the information on the level and recovery of oxygen consumption
is used to enhance the accuracy of oxygen consumption or energy consumption estimation during recovery from
the physical activity.

10. Method according to claim 1, characterized in that information on the level of the index (BFI) is used in the estimation
of oxygen consumption or energy consumption level in addition to other method.

11. Method according to claim 5, characterized in that the predicted downslope components of heart rate or heart rate
variability is used as a reference value to determined information on the process of recovering from physical activity.

12. Method according to any of claims 1 - 11, characterized in that the method is used in a wearable computer.

13. Method according to any of claims 1 - 11, characterized in that the method is used in a fitness exercise equipment.

14. Method according to any of claims 1 - 11, characterized in that the method is used in a PC-software.

15. Method according to any of claims 1 - 14, characterized in that the method is used in ECG/ pulse -monitoring
equipment.

16. Method according to any of claims 1-14, characterized in that the BFI is indexed as a function of exercise time
and exercise intensity.

17. Method according to any of claims 1-16, characterized in that an intermediate measure reflecting accumulative
physical activity is used in the calculation instead of the index (BFI), which measure is then transferred to value of
the index (BFI).

Patentansprüche

1. Verfahren zur Bestimmung eines die akkumulierte Körperermüdung einer Person beschreibenden Index (BFI), das
folgende Stufen umfasst:

• Messen der Intensität der physischen Aktivität der Person durch einen oder mehrere Parameter, die man
nacheinander als Input aus einem oder mehreren gemessenen Signalen erhält, wobei die besagten Parameter
Informationen über die Intensität der physischen Aktivität sind;
• Setzen eines vorgegebenen Anfangswertes für den Index (BFI);
• Berechnung einer steigenden Komponente und, falls vorhanden, einer sinkenden Komponente des Index
(BFI) unter Verwendung der genannten Parameter;
• Berechnung des jeweils folgenden Wertes des Index (BFI) als Summe des Wertes des Index (BFI) und eines
weiteren Wertes, wobei
• der weitere Wert unter Verwendung entweder der steigenden Komponente oder einer Kombination aus der
steigenden Komponente und der sinkenden Komponente berechnet wird;
• Berechnung jeder der besagten Komponenten nach einer Funktion, die nach einer vorgegebenen physiolo-
gischen Variablen (engl. character)) skaliert wird.

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die Funktion unabhängig von der Dauer der physi-
schen Aktivität ist.

3. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass die vorgegebene physiologische Variable in
Beziehung zu einem akkumulierten Wert steht, der eine Funktion der Quantität der nach der Belastung und der
physischen Aktivität erforderlichen Erholung des Körpers ist.
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4. Verfahren nach irgendeinem der Ansprüche 1 bis 3, dadurch gekennzeichnet, dass die vorgegebene physiolo-
gische Variable in Beziehung zu einem akkumulierten Wert steht, der eine Funktion der Übungs-/Trainingswirkung ist.

5. Verfahren nach irgendeinem der Ansprüche 1 bis 4, dadurch gekennzeichnet, dass die sinkende Komponente
des Index (BFI) die Erholung und den Rückgang des Index (BFI) bei Verringerung der physischen Aktivität abschätzt.

6. Verfahren nach irgendeinem der Ansprüche 1 bis 5, dadurch gekennzeichnet, dass eine Voraussage der Zeit
bestimmt wird, nach deren Ablauf die sich bewegende Person, bedingt durch Akkumulation der Körperermüdung
infolge der dauernden physischen Aktivität gewählter Intensität, voraussichtlich eine vorgegebene Grenze erreicht.

7. Verfahren nach irgendeinem der Ansprüche 1 bis 4, dadurch gekennzeichnet, dass der Index (BFI) auf Grund
der veranschlagten für die Erholung nach der physischen Aktivität erforderlichen Zeit bestimmt wird.

8. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass eine Information über das während der Erholung
zugenommene Herzschlagniveau bestimmt wird.

9. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass eine Information über das Niveau und die Erholung
(recovery) des Sauerstoffverbrauchs zur Verbesserung der Genauigkeit des Abschätzens des Sauerstoff- oder des
Energieverbrauchs bei der Erholung von der physischen Aktivität verwendet wird.

10. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass eine Information über das Niveau des Index (BFI)
bei der Abschätzung des Niveaus des Sauerstoff- oder des Energieverbrauchs zusätzlich zu einem anderen Ver-
fahren benutzt wird.

11. Verfahren nach Anspruch 5, dadurch gekennzeichnet, dass die vorausgesagte sinkende Komponente der Herz-
frequenz oder der Herzfrequenzvariabilität als Bezugswert bei der Bestimmung der Information über den Erholungs-
prozess nach der physischen Aktivität benutzt wird.

12. Verfahren nach irgendeinem der Ansprüche 1 bis 11, dadurch gekennzeichnet, dass das Verfahren in einem
Armbandcomputer angewendet wird.

13. Verfahren nach irgendeinem der Ansprüche 1 bis 11, dadurch gekennzeichnet, dass das Verfahren in einem
Fitnessgerät angewendet wird.

14. Verfahren nach irgendeinem der Ansprüche 1 bis 11, dadurch gekennzeichnet, dass das Verfahren in Computer-
Software angewendet wird.

15. Verfahren nach irgendeinem der Ansprüche 1 bis 14, dadurch gekennzeichnet, dass das Verfahren in einem
EKG-/Puls-Überwachungsgerät angewendet wird.

16. Verfahren nach irgendeinem der Ansprüche 1 bis 14, dadurch gekennzeichnet, dass der BFI als Funktion der
Übungs-/Trainingsdauer und -intensität indexiert wird.

17. Verfahren nach irgendeinem der Ansprüche 1 bis 16, dadurch gekennzeichnet, dass in der Berechnung anstelle
des Index (BFI) ein die akkumulative physische Aktivität beschreibendes Mittenmaß (intermediate measure) benutzt
wird, das dann als Wert des Index (BFI) übertragen wird.

Revendications

1. Méthode pour définir un indice (BFI) qui décrit la fatigue corporelle accumulée d’une personne, la méthode com-
prenant les étapes de:

• mesure de l’intensité de l’activité physique de la personne à travers un ou plusieurs paramètres, obtenus
consécutivement en tant qu’entrée, d’un ou plusieurs signaux mesurés, lesdits paramètres étant des informa-
tions sur l’intensité de l’activité physique de la personne,
• assignation d’une valeur initiale prédéterminée à l’indice (BFI),
• calcul du composant de montée et, le cas échéant, du composant de descente de l’indice (BFI) à l’aide desdits
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paramètres,
• calcul de chaque valeur suivante de l’indice (BFI) en tant que la somme de l’indice (BFI) et d’une valeur
supplémentaire, où
• la valeur supplémentaire est calculée en utilisant soit le composant de montée, soit une combinaison du
composant de montée et du composant de descente,
• chaque composant susmentionné est calculé avec une fonction qui est ajustée selon une variable physiologique
prédéterminée.

2. Méthode selon la revendication 1, caractérisée en ce que la fonction est indépendante de la durée de l’activité
physique.

3. Méthode selon la revendication 1 ou 2, caractérisée en ce que la variable physiologique prédéterminée est en
relation avec une valeur accumulée, qui est une fonction de la quantité de récupération du corps après l’exercice
et l’activité physique.

4. Méthode selon l’une quelconque des revendications 1-3, caractérisée en ce que la variable physiologique est en
relation avec une valeur accumulée, qui est une fonction d’un effet d’entraînement.

5. Méthode selon l’une quelconque des revendications 1-4, caractérisée en ce que le composant de descente de
l’indice (BFI) évalue la récupération et la diminution de l’indice (BFI) durant la baisse de l’activité physique.

6. Méthode selon l’une quelconque des revendications 1-5, caractérisée en ce qu’il est déterminé une prévision d’un
intervalle de temps, après lequel la personne pratiquant l’exercice physique est supposée atteindre une limite
prédéfinie due à l’accumulation de fatigue corporelle provoquée par une activité physique continue de l’intensité
choisie.

7. Méthode selon l’une quelconque des revendications 1-4, caractérisée en ce qu’elle est déterminée par la prévision
de l’intervalle de temps nécessaire à la récupération après l’activité physique.

8. Méthode selon la revendication 1, caractérisée en ce que l’on détermine l’information du niveau élevé du rythme
cardiaque pendant la récupération.

9. Méthode selon la revendication 1, caractérisée en ce que les informations sur le niveau et la récupération de la
consommation d’oxygène sont utilisées pour améliorer l’exactitude des estimations de la consommation d’oxygène
ou d’énergie pendant la récupération après l’activité physique.

10. Méthode selon la revendication 1, caractérisée en ce que l’information sur le niveau de l’indice (BFI) est utilisée
pour estimer la consommation d’oxygène ou d’énergie en plus d’une autre méthode.

11. Méthode selon la revendication 5, caractérisée en ce que le composant de descente prévu du rythme cardiaque
ou de la variabilité du rythme cardiaque est utilisé comme valeur de référence pour déterminer l’information sur le
processus de récupération après l’activité physique.

12. Méthode selon l’une quelconque des revendications 1-11, caractérisée en ce que la méthode est utilisée dans un
ordinateur porté sur le corps.

13. Méthode selon l’une quelconque des revendications 1-11, caractérisée en ce que la méthode est utilisée dans un
appareil de culture physique.

14. Méthode selon l’une quelconque des revendications 1-11, caractérisée en ce que la méthode est utilisée dans un
logiciel pour PC.

15. Méthode selon l’une quelconque des revendications 1-14, caractérisée en ce que la méthode est utilisée dans un
appareil d’ECG/monitorage du pouls.

16. Méthode selon l’une quelconque des revendications 1-14, caractérisée en ce que le BFI est indexé en fonction
de la durée et de l’intensité de l’exercice.
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17. Méthode selon l’une quelconque des revendications 1-16, caractérisée en ce qu’une mesure intermédiaire décri-
vant l’activité physique qui s’accumule est utilisée dans le calcul au lieu de l’indice (BFI), laquelle mesure est ensuite
transférée à la valeur de l’indice (BFI).
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