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METHOD AND SYSTEM FOR
DETERMINING THE FITNESS INDEX OF A
PERSON

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 14/110.172, filed Oct. 7, 2013, which is
a national stage application of International Application No.
PCT/F12012/050359, filed Apr. 12, 2012, which claims
priority to Finnish Patent Application No. 20115351, filed
Apr. 12,2011, the entire contents of which are incorporated
herein by reference.

BACKGROUND TO THE INVENTION

1. Scope of the Invention

[0002] The present invention relates to a method and
system for determining the cardiorespiratory fitness level of
a person, with the aid of freely performed exercise, in which
exercise
[0003] the physiological intensity of the person is mea-
sured periodically during the exercise session
[0004] the measured intensity is measured simultane-
ously with the external work output of the exercise
session.
[0005] In the system, there is
[0006] an interface device containing input devices for
entering optional user-specific initial parameters prior
to the exercise and a feedback means for giving feed-
back,
[0007] amemory register for recording the values of the
said parameters and computation variables,
[0008] first means for measuring and recording a vari-
able proportional to the physiological intensity,
[0009] second means for registering and recording the
external work output simultaneously relative to the
measurement of the physiological intensity.

2. Description of the Prior Art

[0010] Most wristop devices equipped with a heart rate
monitor guide exercise in a selected manner. The user selects
an operating mode, which can be, for example, the achieve-
ment of a selected training effect, an increase in endurance,
or a reduction in weight. User-specific parameters, which
are, for example, sex, age, weight, and height, are entered in
the device when it is begun to be used. It is easy for the user
to set these data in the device. However, it is difficult for the
user to provide, for example, information on the maximum
heart rate level (HRmax) and the fitness level (VO,max), as
well as the activity class. As such, it is already known that
a device (for example, a heart rate monitor) can propose, for
example, increasing the HRmax value, if a heart rate value
higher than the default value or set value appears in use.
[0011] Nowadays, web-based services are also popular, in
which the data of the heart rate monitor are transmitted
through the internet to a server, with the aid of which a
computer program, performing physiological computation,
is used. Publication US 2007/0082789 A 1 discloses a
method for m determining a person’s performance from
physical exercise. The method cannot, however, be utilized
during exercise, but instead requires the data to be analysed
separately after exercise.

Jan. 31,2019

[0012] A method is known from publication WO 2009/
133248 for determining a free fitness level from exercise, in
which heart rate and external output, such as, for example,
speed and height together, are measured periodically. A
bicycles ergometer and many other exercise devices give the
external output directly and, if the speed of running exercise,
for example, is measured together with altitude information,
it is possible to determine what the external work output is.
With the aid of free exercise, as long as there is enough data,
the level of the fitness of the user’s respiratory and cardio-
vascular system (cardiorespiratory) fitness level can be
determined. However, the method requires relatively long
(30 s-4 min) stable periods. The method is difficult to apply
to the automatic determining of fitness level.

[0013] Publication US 2012/0029370 (WO 2010/112010
Al) discloses a method using short standard loadings to
determine fitness level.

[0014] The present invention is intended to avoid the
drawbacks of the known methods and systems relating to
their difficult start-up considering the initial data required or
precisely controlled exercise. The characteristic features of
the method according to the invention are stated in the
accompanying claim 1 and the features of the system
implementing the method are stated in claim 3. The method
according to the invention can effectively utilize short
periods of, for example, five seconds, which are defined as
representative, in terms of the determining of the fitness
level, using selected criteria relating to the simultaneous
physical-intensity and external work values.

[0015] To be able to evaluate fitness on the basis of heart
rate, it is important to be able to exclude certain loading
stages, which do not produce a reliable result. For example,
particularly during recovery, the physiological intensity
(e.g., heart rate) is considerably higher when compared to
external work output (e.g., running speed). If fitness were to
be estimated from these recovery periods too, the real fitness
level would be considerably underestimated.

[0016] The loading stage can be evaluated, for instance, on
the basis solely of the behaviour of the heart rate (heart rate
increases, decreases, or remains constant), or together with
external work-output (heart rate increases, decreases, or
remains constant simultaneously with the external work
output, or in a specific relation to it). The loading stage can
also be evaluated, for example, with the aid of a variable
(such as EPOC) depicting a change in m the homeostasis (at
least an increasing variable will eliminate a recovery from
the loading stages).

[0017] With the aid of the method according to the inven-
tion, a wristop device can be easily made to create the user’s
fitness level and to update it during use.

[0018] If at least the so-called difficult initial parameters,
i.e. the parameters depicting the user’s internal data, par-
ticularly their fitness level, are each taken initially into the
calculation as a preselected default value, the system can
update their value gradually to the physiologically correct
value.

[0019] In a preferred embodiment, the user is asked by
software means contained in the system or device for
external parameters such as sex, age, weight, and height. The
fitness level, e.g., the VO, max, and the maximum heart rate
HRmax are taken initially as default values. The HRmax
value always begins immediately to slide to the right
towards the physiological maximum value when the user
exceeds the highest previous maximum heart rate level
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measured under stress. The updating of the fitness index, on
the other hand, demands data, i.e. that the user performs one
or even several exercise sessions, which produce periods
accepted when determining the fitness index.

[0020] In a preferred embodiment, automatic calculation
of the fitness index takes place in a simpler manner than that
presented in the WO publication. A model is created from
empirical material to depict the VO,max, for example,
ml/kg/min, i.e. oxygen consumption per minute per kilo-
gram of weight, using intensity as the variable, in a preferred
form from the relative heart rate (% HRmax) and external
work output. Next, each heart rate signal datum recorded
from the user’s free exercise is processed and suitable
periods are sought from it, for example, using the following
criteria:

[0021] stable loading state

[0022] external work output in the selected range

[0023] heart rate above a set criterion (x % HRmax)
[0024] The accepted level should be in a stable loading

stage, 1.e. the heart rate should be stabilized relative to the
external work output. This criterion is preferred met when
the EPOC value is rising.

[0025] Each accepted period gives a VO,max estimate
(F1,) from the said model. The final single VO,max value of
a single exercise session is obtained by calculating either the
average, or the weighted average from the VO, max esti-
mates of the accepted periods.

[0026] Mathematical formulas are
Fitness index(average)=2FI,
[0027] In one embodiment, the user’s activity class is also

an automatically updated value, so that its preselected
default value gradually approaches the correct value. It
preferably determined from a 3-dimensional table, or a
function depicting it, in which the axes of the table are
activity class, age, and sex.

[0028] In summary, it can be stated that the invention
permits the fitness level to be determined from the user’s
arbitrary exercise performance, provided there are suffi-
ciently intensive portions in it. When applying the invention
in a wristop device or similar, the two main benefits of the
invention are, firstly, the easier start-up of the device or
product and, secondly, the automatic increase in precision
and calibration to the fitness level through use. If previously
it has been desired to exploit information on the fitness level
in feedback or guidance, the fitness level has had to be
estimated indirectly, making the feedback given or the
functionality imprecise. The fitness level can also be mea-
sured precisely, for example, using laboratory tests, and after
this entered manually into the device, but this is not very
practical and demands considerable effort and arrangements
from the user, so that it is seldom practical.

[0029] The fitness level varies and/or changes continu-
ously due to the effect of several different factors, such as,
for example, stress and tiredness, as well as the recovery
state, illnesses, or aging. Thus, if the user’s fitness level is
calibrated automatically, it will ensure the accuracy, correct-
ness, and suitability to the user in different situations, of the
feedback given to the user. If no allowance is made for
changes taking place in the fitness level, or if wrong esti-
mates of the fitness level are used, the feedback can be
erroneous and, in the worst case even detrimental to the user.
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Central Concepts

User-Specific Initial Parameter:

[0030] Information depicting the person, which can be, for
example, age, height, weight, sex, maximum heart rate
(HRmax), fitness level, i.e. maximum oxygen consumption
(VO,max), activity class, or some other personal informa-
tion.

External Work Output:

[0031] External work output is a person’s external mea-
sured work output achieved when moving, such as, for
example, a person’s running speed, or running speed on a
specific piece of ground, rising or falling angle of a tread-
mill, or measured using an output measuring device in free
performance, or some other movement, for example, using
an acceleration sensor, or output measured in some other
way. External work output can also be calculated from a
person’s specific known performance, for example from the
running time over a known distance, based on the length of
stride when running, step contact, or step density. External
work output can be converted, for example, converted into
oxygen consumption (VO,) or energy consumption, in
which case it will depict the amount of oxygen or energy
consumed when a person moves at the output in question.
Thus, external work output can be measured or estimated,
for example, as continuous data during exercise, or as a
single average depicting the entire exercise session.

Fitness Level:

[0032] A person’s aerobic, i.e. endurance condition, the
(cardiorespiratory) condition level, or performance capacity
of the respiratory and cardiovascular system. Fitness level
can be depicted using parameters (fitness index), which can
be, for example, maximum oxygen intake (VO,max), METs
(=VO,max/3.5), maximum work output defined in watts, for
example from a bicycle ergometer test, or using an output
measuring device in free exercise, maximum running speed
in a maximum running test, or in free running taking into
account altitude data, a Cooper test result, the fastest time for
running a specific distance (e.g., 3, 5, or 10 km), or some
other external measured endurance performance depicting
maximum work output. The fitness level can be measured or
estimated, for example, using various direct or indirect
fitness tests, for example, using a free fitness test like that
described, various evaluation methods, for example Jackson
etal. 1990, using various questions (e.g., “are you able to run
3 km non-stop?”, “are you able to walk with a reasonably
strenuous output non-stop for 10 minutes?”, or in a similar
manner), on the basis of the answers to which the fitness
level can be estimated, or else using the person’s own
subjective evaluation.

Physiological Intensity of Exercise:

[0033] This tells the output at which the person moves.
The physiological intensity of exercise depicts, for example,
the heartbeat frequency of the person’s heart, i.e. their heart
rate. The intensity can be scaled relative to the person’s
fitness level, i.e. their maximum performance, so that it tells
at what output the person moves relative to their own
maximum. The heart rate can be scaled at the person’s
maximum heart rate and a percent intensity of the maximum
heart rate (HRmax) can m be obtained. Other variables
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depicting physiological intensity can be, for example, the
person’s frequency of respiration, their oxygen consumption
(VQ,), or their ventilation. The intensity of exercise can also
be the external measured work output, or activity, measured,
for example, using an acceleration sensor in a preferred form
relative to the person’s maximum external work output.
Intensity can also be estimated on the basis of the person’s
subjective feeling. Thus, the physiological intensity can be
measured or estimated, for example, as continuous data
during exercise.

The Loading Stage of Exercise:

[0034] In exercise performance, there are several different
loading stages, during which the body’s physiological state
and functions, i.e. the physiological intensity, are regulated
to correspond in the best possible manner to correspond to
the external work output. The loading stages are, for
example, the on response, i.e. the body’s response to the start
of exercise; the steady state, i.c. the stabilized physiological
intensity when the external work output is constant; and the
off response, i.e. recovery, when the external work output
decreases or stops altogether. In freely performed exercise,
the various loading stages alternate naturally with each
other, partly merging according to, among other things, the
shapes of the ground (uphill, downhill) and the performance
of the exercise (breaks for instance for traffic lights, etc.). In
terms of evaluating fitness on the basis of heart rate, it is
important to exclude certain loading stages that do not
produce a reliable result. For example, especially during
recovery the physiological intensity (e.g., heart rate) is
considerably higher relative to the external work output
(e.g., running speed). If fitness were to be evaluated also
during their recovery periods, the real fitness level would be
considerably underestimated. A loading stage can be evalu-
ated, for instance, on the basis of heart rate behaviour (the
heart rate rises, falls, or remains constant) solely, or in
combination with the external work output (the heart rate
rises, falls, or remains constant simultaneously with the
external work output, or in a specific relation to it). Aloading
stage can also be evaluated, for example, with the aid of a
variable (such as EPOC) depicting a change in homeostasis
(a variable that is at least increasing will exclude the
recovery loading stage).

DESCRIPTION OF THE DRAWINGS

[0035] FIG. 1 shows a flow diagram of a system moni-
toring a user’s physical state,

[0036] FIG. 2 shows the system of FIG. 1 applied to
guiding training,

[0037] FIG. 3 shows graphically the determining of the
fitness level,
[0038] FIG. 4 shows a flow diagram in the calculation of

energy consumption,

[0039] FIG. 5 shows a flow diagram in the calculation of
training effect,
[0040] FIG. 6 shows a set of curves for determining
training effect,
[0041] FIG. 7 shows a way to calculate a fitness index, and
[0042] FIG. 8 shows a block diagram of the system in a

wristop device.
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DETAILED DESCRIPTION OF THE
INVENTION

[0043] According to FIG. 1, in the system according to the
invention, additional attention is paid to the start-up 1,
compared to the start-up 1' of conventional use. After the
loading 2 of the program and the initiation of the registers,
during the first operating session the optional default values
are generated, point 3. Later, loading 2' the program leads
directly to processing 4 of the computation registers, in
which at the same time measurement 5 of intensity and
measurement 6 of external work output are initiated, for
example (position and altitude data obtained from a GPS
service). The computation registers contain continuous real-
time information on the user’s intensity and external work
output. The user’s intensity is usually the measured heart
rate value. The external work output can be obtained in
many ways, depending on the kind of the exercise and the
devices used. A GPS device used in connection with wristop
devices provides altitude data, which is one alternative. The
altitude data is optional and is not necessary if the exercise
session takes place on level ground. The exercise device,
such as, for example, a bicycle ergometer, can provide the
external work output directly.

[0044] In a preferred embodiment, after initiation of the
program has been commenced, on the first time it asks the
user for external data, such as sex, age, weight, and height.
Alternatively, these too are default values, which the user
corrects if they wish.

[0045] Conventionally, the device has some selected oper-
ating mode 7, i.e. manner of use, which aims at some desired
end result, for example a selected level of energy consump-
tion, and provides feedback 9 on it.

[0046] Because particularly the fitness level is required in
the calculation of many of the target variables, it is calcu-
lated automatically with the aid of calculation devices 8
belonging to the system. Other data, such as maximum heart
rate HRmax and the activity class, are preferably updated in
the same way.

[0047] In FIG. 2, the usual operating mode 7 of FIG. 1 is
exercise guidance. The target of the exercise can be, for
example, achieving a selected training effect, or exercise for
reducing weight. In order to achieve the target, the user is
provided with continuous feedback, i.e. whether the inten-
sity 1s suitable or too high/low for achieving the target within
the set time. The guidance feedback is calculated on the
basis of the register data at point 10. The provision of the
guidance feedback 11 is checked by a conditional statement
11, if the exercise has been completed. If the exercise is still
under way, a return is made to the calculation of the
guidance feedback, otherwise exit to the end 12 of the
routine. In FIG. 2, it should be noted that the automatic
update routine (8, 8') can also obtain a parameter value from
the exercise, which is automatically updated in the compu-
tation register. This can be, for example, the value of the
fitness index, which is calculated only after the exercise and
not continuously.

[0048] FIG. 3 illustrates the calculation of the fitness level
value by means of a preferred method. The graph in the
upper part of the figure shows the momentary speed (km/h)
in running exercise and its mean value as the exercise
proceeds. In the lower part of the figure, the relative heart
rate value % HRmax (0-100% of the maximum heart rate
value), the altitude in metres, and the computed fitness level
estimates (FI,) (VO,max ml/kg/min), calculated in five-
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second intervals, are shown on the same time scale. At about
four minutes, the acceptable data are sufficient and there is
a thick line in the graph showing the fitness level computed
from the points e obtained. Each value of the fitness level
(FT,) is obtained from the modelled function f(W, Int) by
entering into it the relative heart rate (Int) and external work
(W) of the accepted segment. The modelled function f(W,
Int) is obtained with the aid of numerous test exercise
sessions performed by test persons. The exercise sessions of
the selected group were monitored for a period of several
months and at regular intervals their fitness level was
measured using a clinical method. From the data obtained
and previously known information on the relation between
the external work output and oxygen consumption, a mod-
elled function depicting fitness level was formed, with heart
rate and external work as the variables. The data collected
also included sex, age. and weight, by means of which the
modelled function can be focussed more precisely on each
user.

[0049] The calculation of the fitness level estimate from
simultaneous physiological-intensity and external-work val-
ues is computed, in one embodiment, as follows. It is
generally known, that, by comparing the HRmax heart rate
the theoretical work output and in turn by extrapolating the
maximum heart rate, a rough estimate of m the fitness level
can be obtained.

[0050] In the literature, a basic equation is known for
running exercise:

VO,max (ml/kg/min)=11.1*speed_ms+5.3333

[0051] Here, the following equation is derived from it,
which takes slope into account:

VO,max=(-c1*hr/maximal_hr+(1+c1))*(11.1*
(c2*angled+1)*speed_ms+5.3333)

VO,max ml/kg/min, the momentary VO,max value i.e.
estimate hr BPM instantaneous, momentary heart rate level
maximum hr BPM, the person’s background parameter
(maximum heart rate level)

angles in radians, momentary running angle

speed_ms m/s, momentary running speed

cl, ¢2, parameters optimized from empirical material
[0052] A corresponding equation is created for each form
of external work output, in such a way that the calculated
VO,max corresponds to the real value.

Example of Application 1 (FIG. 4). Calculation of
Energy Consumption

[0053] Automatic determining of the fitness level can be
used, for example. in the calculation of energy consumption.
The calculation of energy consumption generally requires
the person’s age, height, weight, sex, and the activity class
that depicts the level of the person’s physical activity. On the
basis of these data, it is possible to estimate, using, for
example, the equation developed by Jackson et al. (1990),
the person’s fitness level, i.e. the maximum oxygen con-
sumption (VO,max or METmax), which can be used in
calculating the energy consumption, see FIG. 4.

[0054] In an automatic system, a person can only be asked,
for example, their age, sex, and weight, so that the rest of the
person’s background data are set as certain default values,
on the basis of which calculation of VO,max takes place
using the aforementioned Jackson equation. On the basis of
age, it is possible to use the traditional equation to calculate
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the maximum heart rate 210-(age*0.65)=maximum heart

rate HRmax, which is the necessary variable for performing

a fitness test. After this, VO,max is computed from exercise

performed by the person, which gives a more precise value

for the original estimate of VO,max. This more precise
estimate of VO,max is then used in the calculation of the
energy consumption.

[0055] Age and weight can also be preset, in which case

the person will not need to enter any personal background

data. The automatically calculated and updated VO,max
keeps the system accurate.

[0056] Oxygen consumption can also be calculated in a

corresponding manner to energy consumption.

[0057] FIG. 4 shows an example of the computation

model for energy consumption, in which the VO,max value

calculated automatically from exercise sessions reduces or
entirely eliminates the entering of the personal background
data set at the start. Thus the product is considerably easier

to start up, and in addition the product always produces m

accurate information on energy consumption, even though

the person’s fitness changes.

[0058] 1. RR data, i.e. a time series of the time always
between two consecutive heartbeats.

[0059] 2. The heartbeat interval data is corrected by auto-
matic error correction.

[0060] 3 Respiratory frequency information is calculated
from the heartbeat interval data.

[0061] 4. The heart rate per minute is calculated from the
heartbeat interval data.

[0062] 5. The heart rate is converted to % of the person’s
maximum heart rate, using the person’s maximum heart
rate. The maximum heart rate is defined on the basis of the
person’s age, if the person does not know it directly.

[0063] 6. The on/off kinematic information (loading stage)
is calculated on the basis of the respiratory frequency and
% HRmax.

[0064] 7. % VO,max or METmax intensity is calculated,
i.e. the physical loading exertion level as percentages
relative to the person’s maximum.

[0065] 8. The RQ (respiratory quotient) value is calcu-
lated, which gives the ratio of fats and carbohydrates as
energy sources.

[0066] The RQ relates to a known way to calculate
energy consumption on the basis of oxygen consump-
tion. Generally, oxygen consumption (litre/minute) is
multiplied by five, giving the energy consumption in
calories.

[0067] 9. The relative intensity % VO,max is converted to
absolute oxygen consumption by multiplying it by the
person’s VO,max (maximum oxygen consumption). If
the person does not know their VO, max value, it can be
calculated using Jackson et al.’s 1990 equation, on the
basis of the person’s background data. The VO, max value
can also be obtained on the basis of an automatic fitness
test. All the person’s background data can be set as default
values, in which case the automatic fitness test will make
the VO,max value more precise, as exercise sessions
accumulate.

[0068] 10. The calorific equivalent is calculated, which
tells on the basis of the RQ value how much energy is
produced per litre of oxygen consumed.

[0069] 11. The momentary energy consumption kcal/min
is calculated.
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[0070]
lated.

12. The sum of energy consumption kcal is calcu-

Example 2 of Application (FIG. 5). Calculation of
Training Effect

[0071] The automatic determining of fitness level can be
used, for example, in the calculation of the training effect.
Typically, age and activity class from the person’s back-
ground data are used in the calculation of the training effect,
see FIGS. 5 and 6. The activity class can be determined on
the basis of the result of a free fitness test, VO, max, together
with age and sex, so that the person need not known their
activity class, see Table 1.

[0072] FIG. 5. Calculation of training effect.

[0073] 1. RR data, i.e. a time series of the time always
between two consecutive heartbeats.

[0074] 2. The heartbeat interval data is corrected by auto-
matic error correction.

[0075] 3 Respiratory frequency information is calculated
from the heartbeat interval data.

[0076] 4. The heart rate per minute is calculated from the
heartbeat interval data.

[0077] 5. The heart rate is converted to % of the person’s
maximum heart rate, using the person’s maximum heart
rate. The maximum heart rate is defined on the basis of the
person’s age, if the person does not know it directly.

[0078] 6. The on/off kinematic information (loading stage)
is calculated on the basis of the respiratory frequency and
% HRmax.

[0079] 7. % VO,max or METmax intensity is calculated,
1.e. the physical exertion level as percentages relative to
the person’s maximum.

[0080] 8.-10. EPOC (Excess Post-exercise Oxygen Con-
sumption) is calculated at the present moment t, using
VO, max intensity (7), as well as the previous EPOC value
(8) and the duration (9) of the time interval being exam-
ined.

[0081] 11. The exercise’s EPOC peak, i.e. the highest
EPOC value so far, is calculated.

[0082] 12. The EPOCpeak value is converted to Training
Effect by using the activity class according to FIG. 3. If
the person does not know their activity class, it is set to
a specific value as a default, or is calculated from the
VO,max value in the manner of Table 1, using either an
automatic fitness test, or the VO,max value estimated by
Jackson et al. 1990. All of the person’s background data
can be set to be default values, in which case the auto-
matic fitness test will make the VO,max value more
precise as training accumulates.

[0083] According to FIG. 6, the training effect can be
determined on the basis of the training’s highest EPOC
value as well as the person activity class. The person’s
activity class can be determined automatically on the basis
of the automatically updated fitness level (VO,max). The
following Table 1 shows the VO,max values according to
age and sex for determining the activity class. These two
sub-tables together form a 3-dimensional table, in which the
axes are age, sex, and activity class. In each cell contains a
VO,max value determined by these variables. The activity
class is found by searching for the correct column with the
aid of age and sex, from which the known VO,max value is
sought, on the row of which the activity class is sought.
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TABLE 1

Age

<29 30-39  40-49  50-59 >60

Men

Act. 0 345 325 309 28 23.1
class 1 371 354 33 302 265
2 395 374 351 322 287
3 41 389 367 338 302
4 425 4 381 352 318
5 442 424 399 367 336
6 468 446 418 385 353
7 SL4 504 482 453 425

75 6l 61 61 61 61

8 65 65 63 65 65

85 69 69 69 69 69

9 73 73 73 73 73

95 77 77 77 77 77

10 81 81 81 81 81

‘Women

Act. 0 284 265 251 223 208
Class 1 306 287 265 243 223
2 323 305 283 255 238
3 338 323 295 269 245
4 352 338 309 282 258
5 367 346 323 294 272
6 381 367 338 309 294

7 42 4 395 352 33

75 55 55 55 55 55

8 59 59 59 59 59

85 63 63 63 63 63

9 67 67 67 67 67

95 71 7 71 71 71

10 75 75 75 75 75

[0084] From Table 1, the person’s activity class VO, max

can be determined on the basis of sex and age. The activity
class can, in turn, be used, for example, to determine the
training effect from the EPOC value.

Example 3 of Application. Selection of Training
Programme

[0085] The automatically determined fitness level can be
used in the selection or adjustment of the training pro-
gramme. Typically, the person must estimate their activity
class, or the activity class is determined on the basis of the
person’s activity history. On the basis of the result VO,max
of the fitness test determined on the basis of a free fitness
test, the training programme can be selected directly to suit
the person’s fitness level, or the activity class can be
calculated on the basis of Table 1 and the programme
determined on its basis, see Table 2. Table 2 shows training
programmes (table row). The desired training programme
can be selected on the basis of the activity class calculated
(Table 1) from VO,max (“original activity class” in the
table).

[0086] In a preferred solution, the VO,max data obtained
on the basis of an automatic fitness test from several training
sessions by the same person is used. In the best case, the
reliability of the estimation of the VO,max of each indi-
vidual training session, and how much reliable material has
been found temporally from the training, can be used in the
weighting. If the amount of reliable data 1s 5, 10, 15, 20, 25,
30, 40, or 50 minutes, the corresponding weighting coefli-
cients as percentages are 10, 20, 30, 40, 50, 60, 80, and
100%, in that order. For example, if reliable material has
been obtained from 4 minutes of the entire training in the
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automatic test, this new VO,max value is added to the
VO,max average values of the previous test using a weight-
ing coeflicient of 8%, and correspondingly the amount of
reliable material by 30 min with a weighting coefficient of
60%. Naturally, it is preferable for the VO,max of the first
training session to be calculated with a weighting coefficient
of 100%, because it probable that this value will be more
correct than the preselected VO,max value, the VO,max
value calculated using the equation of Jackson et al. 1990 on
the basis of the person’s background data, or the VO, max
value calculated using the equation of Jackson et al. 1990 on
the basis of the person’s preselected background data.
[0087] FIG. 7 shows the calculation of a fitness index, for
example, during running or walking. The person’s maxi-
mum heart rate (HRmax), heart rate (heartbeats per minute),
speed (e.g., m(k)/h), and altitude (metres) are entered in the
computation register. Each period being examined must be
reliable, in order to create a fitness index. Reliability can be
examined, for example, by setting reliability for known
influencing factors, in this example external work (W), angle
altitude, EPOC gradient, physiological intensity, limit values
(c1,¢2...c9), within the framework of which the variables
must remain during the period being examined, for the
period to be accepted. If the period is determined to be
reliable, a fitness index is calculated for it, with the aid of
external work (W) and physiological intensity (Int). So that
the real fitness index can be shown reliably, the total time or
number of the accepted periods must exceed the time/value
(c10) regarded as reliable.

[0088] According to FIG. 8, in a typical application (e.g.,
wristop device) the implementation comprises an assembly
built around a central processing unit (CPU) 32. A bus 36
transmits data between the central unit 32 and the other
units. The input unit 31, ROM memory 31.1. RAM memory
31.2, keypad 18, PC connection 37, and output unit 34 are
connected to the bus.

[0089] The heartrate sensor 12 and some sensor 30 regis-
tering external output are connected to the input unit 31,
which handles the sensor’s data traffic to the bus 36.
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Optionally, the PC is connected to a PC connection 37. The
output device, for example a display 15, is connected to the
output unit 34. In some embodiments, voice feedback is
created with the aid of a voice synthesizer and a loudspeaker
35, instead or, or in addition to the feedback on the display.
The sensor 30 measuring external work can, in fact, com-
prise a group of sensors, which are used together to define
the external work done by the user.

[0090] All of the default values of the optional parameters
are preferably stored in a ROM memory, or more specifi-
cally, e.g. in an EEPROM (Electrically Erasable Program-
mable Read-Only Memory) memory.

For example, the user’s “external” data:

sex man, age 35 years, weight 75 kg, height 180 cm.
User’s more demanding data:

fitness level (VO,max) 40 mlkg/min; Activity class 4.
[0091] In a web service, the default values of the param-
eters are preferably recorded in self-service software.
[0092] In these embodiments, it would be as such also
possible to use some other method than that described above
as a fitness test. However, the fitness test according to the
invention provides several advantages in terms of automatic
updating. It can be completely integrated in many standard-
model] wristop devices and demands substantially fewer
calculation stages than the method according to the WO
publication.

[0093] The invention can be applied, for example, in the
following applications: wristop device, mobile/cellphone
application or device, fitness device, computer software, or
web service.
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TABLE 2
DURATION OF NUMBER OF ORIGINAL  MINIMUM
TRAINING STAGE SESSIONS/  HOURS/ ACTIVITY  ACTIVITY
NAME STAGE 1 2 3 4 5 6 7 (WEEK) WEEK WEEK CLASS CLASS
Start 1 TE 2 3 2 4 3 133 02 0
Durat. 30 25 25
Improving 1 2 TE 2 3 2 4 3 1.5 3 3
Durat. 30 25 35
Improving 2 3 TE 1 2 3 2 4 4 3 4 4
Durat. 45 60 30 45
Improving 3 4 TE 2 3 1 4 4 375 57 5
Durat. 75 60 45 45
Improving 4 5 TE 3 2 2 3 4 5 525 75> 6
Durat. 35 85 75 60 60
“Maintain” 6 TE 4 2 4 3 3 1 5 4.83 7
HARD
Durat. 60 45 50 75 60
“Maintain” 7 TE 2 1 2 1 1 4 4.75
FASY
Durat. 75 &80 70 60
“Maintain” 8 TE 3 2 1 2 301 1 6 6.5
MODERATE
Durat. 50 90 45 90 70 45
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1. A method for determining the cardiorespiratory fitness
level of a person, with the aid of freely performed exercise,
comprising:

measuring by a first sensor, a physiological intensity of

the person during the exercise session in periods and
storing each measured physiological intensity in com-
putation registers; measuring by a second sensor an
external work output of the exercise session simulta-
neously relative to the measured physiological intensity
on each period, and storing each measured external
output in the computation registers;

determining by an assembly built around a central pro-

cessing unit (CPU), at each period whether the physi-
ological intensity has stabilized relative to the external
work output on the measured period in order to accept
the period using a following criteria:
the physiological intensity is stabilized relative to the
external work output, and
the external work output is within a selected range;
defining by the assembly built around the central process-
ing unit, a fitness level estimate for each accepted
period using a modeled function by entering into it the
relative heart rate and external work of the accepted
segment and the stored physiological intensity and the
stored measured external output in the computation
registers, and storing each defined fitness level estimate
as accepted data points;

counting the total duration/number of accepted periods;

and

if said total duration/number exceeds a selected time/

value,

computing by the assembly built around the central pro-

cessing unit, a fitness index with the aid of the fitness
level estimates in the accepted data as an average with
the aid of the defined fitness level estimates, if the total
duration/number of accepted periods exceeds a selected
time/value.

2. The method according to claim 1, wherein a variable
depicting the change in cumulative homeostasis, is calcu-
lated continuously, and the value of the variable depicting
homeostasis should be increasing, in order for the period to
be accepted.

3. The method according to claim 1, wherein each value
of the fitness level (FIn) is obtained from the modelled
function by entering into it the relative heart rate and
external work of the accepted segment.

4. The method according to claim 1, wherein a sum of
energy consumption kcal is calculated by steps of:

correcting heartbeat interval data by automatic error cor-

rection, RR data being always between two consecutive
heartbeats;

calculating respiratory frequency information from the

heartbeat interval data;

calculating heart rate per minute from the heartbeat inter-

val data;

converting the heart rate to % of the person’s maximum

heart rate, using the person’s maximum heart rate,
where the maximum heart rate is defined on the basis
of the person’s age, if the person does not know it
directly;

calculating the on/off kinematic information (loading

stage) on the basis of the respiratory frequency and %
HRmax;
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calculating % VO2max or METmax intensity as percent-
ages relative to the person’s maximum, where the RQ
(respiratory quotient) value is calculated giving a ratio
of fats and carbohydrates as energy sources;

calculating the RQ relates to a known way to calculate
energy consumption on the basis of oxygen consump-
tion, wherein oxygen consumption (litre/minute) is
multiplied by five, giving the energy consumption in
calories;

converting the relative intensity % VO2max to absolute

oxygen consumption by multiplying it by the person’s

VO2max (maximum oxygen consumption), wherein

if the person does not know their VO2max value,
calculating it using Jackson et al.”s 1990 equation, on
the basis of the person’s background data, or obtain-
ing VO2max value on the basis of an automatic
fitness test;

calculating a calorific equivalent is calculated telling on

the basis of the RQ value how much energy is produced
per litre of oxygen consumed,

calculating the momentary energy consumption kcal/min;

and

calculating the sum of energy consumption keal is calcu-

lated from plurality of momentary.

5. A system for determining the level of the cardiorespi-
ratory fitness level of a person, with the aid of freely
performed exercise, comprising:

an interface device containing input devices for entering

optional user-specific starting parameters before train-
ing, and a feedback device for providing feedback;

a memory register for recording the values of the said

parameters and the calculation variables;

first means for measuring and recording a variable pro-

portional to physiological intensity in periods and for
storing each measured physiological intensity in the
memory register;
second means for registering and recording external work
output simultaneously relative to the measured physi-
ological intensity on each period, and storing each
measured external output in the memory register;

third means for determining whether the physiological
intensity has stabilized relative to the external work
output on the measured period in order to accept the
period,;

fourth means for determining the representativeness of the

values of the intensity and external work recorded from

simultaneous periods, in order to determine an accepted

period in terms of fitness level, where the representa-

tive periods are those periods that have the following

properties:

the physiological intensity must have stabilized relative
to the external work output,

the external work output must be within a preselected
range, and

the physiological intensity must be greater than a set
criterion (x % HRmax); and

fifth means for defining a fitness-level estimate for each

accepted period, using a modelled function and the
stored physiological intensity and stored measured
external output in the memory register, and for storing
each defined fitness level estimate as accepted data and
to define a fitness index in the memory register as an
average of the defined fitness level estimates 2.
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6. The system according to claim 5, wherein the system
includes means for calculating continuously a variable,
depicting the change in cumulative homeostasis, in which
case the fourth means are arranged to accept periods, in
which the variable depicting the change in homeostasis is
increasing.

7. The system according to claim 5, further comprising:

means to determine the user’s activity class, with the aid

of initial data and a defined fitness index, using prese-
lected criteria.

8. The system according to claim 7, wherein the said
preselected criterion for determining the activity class com-
prises a 3-dimensional table with the following variables:
sex, age, and fitness index.

9. The system according to claim 5, wherein the external
work output is arranged to be determined on the basis of
running speed and slope.

10. The system according to claim 5, wherein the system
is arranged to perform updating of the fitness index after
each training session.
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11. The system according to claim 10, wherein the system
is arranged to calculate the fitness index from two or more
training sessions and to weight the fitness index of each
training session according to how many accepted periods are
found from the training session.

12. The system according to claim 5, wherein the system
is arranged to calculate the energy consumption during
training.

13. The system according to claim 5, wherein the system
is arranged to calculate the training effect (TE) caused by the
training.

14. The system according to claim 5, wherein the system
is arranged to define a training program according to the
calculated fitness index.

15. The system according to claim 7, wherein the system
includes means to determine the user’s activity class, with
the aid of initial data and a defined fitness index, using
preselected criteria.
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