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METHOD AND SYSTEM TO DETERMINE
ANAEROBIC THRESHOLD OF A PERSON
NON-INVASIVELY FROM FREELY
PERFORMED EXERCISE AND TO PROVIDE
FEEDBACK ON TRAINING INTENSITY

FIELD

[0001] The disclosure may relate to an improved method
and system for determining a person’s anaerobic threshold
intensity (AnT) from freely performed exercise and to
provide feedback.

BACKGROUND

[0002] In order to individualize training intensity accord-
ing to cardiovascular and metabolic stress exercise siress),
rather than absolute external workload, different methods for
determining exercise intensity have been used. These meth-
ods have been, for example, based on % HRmax, %
VO2max, % HRreserve (% HRR) or % VO2reserve (%
VO2R). In addition, intensity zones that are based on
metabolic thresholds have been used. Lactate threshold (LT)
and Anaerobic threshold (AnT) (or onset of blood lactate
accumulation OBLA) are such metabolic thresholds corre-
sponding to a lactate threshold of about 2.5 mmol/l and 4.0
mmol/l, respectively. Training zones have been divided
between these thresholds: 1) “Basic endurance training” or
“long slow distance” below LT, including all steady pace
exercises in which lactate is below 2.0 or 2.5 mmol/l level;
2) “Threshold training” between LT and AnT including
steady pace and interval training with lactate values between
2.5 and 4.0 mmol/l; 3) VO2max training above AnT with
lactate values over 4.0 mmol/l. As would be understood by
a person of ordinary skill in the art, other intensity zone
models have been applied in training. They may be infor-
mative in training practice, but it is important to note that
they are not based on clearly defined physiological markers.
[0003] AnT may be metabolically characterized as the
highest workload at which the body is able to achieve
steady-state condition, which means that the lactate (spe-
cifically lactic acid) accumulation and removal (by metabo-
lizing) is in balance so that lactate level stays stable. For
example, if a person’s AnT pace for running is 4:00 min/km,
the person is able to run with that speed with a constant
lactate level of about 4 mmol/l for prolonged periods. If the
person increases pace to, for example 3:50 min/km, he/she
may no longer able to achieve a steady state. Instead the
person’s lactate level may accumulate from an approximate
4 mmol/l starting level up to 10 mmol/l or higher until
subjective fatigue takes place. Further, AnT may not be an
exact lactate level but may vary between individuals. Lactate
level corresponding to AnT may usually be between 3.0 and
4.0 mmol/l and may depend, for example, on personal
physiological characteristics, or other factors as would be
understood by a person of ordinary skill in the art.

[0004] Despite small individual variation in lactate levels
corresponding to AnT, the same or similar physiological
reactions may be related to it. For example. when exercise
intensity is increased gradually from rest, at certain points
anaerobic energy pathways usually start to noticeably acti-
vate and support the aerobic energy system in producing
energy, which may sustain the energy demands of the body
in the form of ATP. When anaerobic energy pathways are
activated, glycogen/glucose can be used more rapidly to
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form ATP through glycolysis. This may result in fast lactate
formation in the muscles. Until AnT, the lactate can be
metabolized by the body without continuous accumulation.
If exercise intensity is increased above An'T, aerobic energy
production capabilities of the working muscles may have
difficulties in matching the exercise energy requirements,
and anaerobic energy production may increase rapidly. Con-
sequently, lactic acid (lactate) may start to accumulate into
the muscles and blood stream. When exercise intensity
exceeds AnT, accumulation of lactic acid in muscles may
cause fatigue in a brief period of time.

[0005] As would be understood by a person of ordinary
skill in the art, similar terms may refer to the same physi-
ological phenomenon as AnT. Non-limiting examples may
include onset of blood lactate accumulation (OBLA), maxi-
mal lactate steady-state (MLSS), and respiratory compen-
sation thresholds. All of these may refer practically to the
same exercise intensity where lactic acid starts to accumu-
late due to the body’s inability to remove lactic acid by
oxidation and glucose re-formation(gluconeogenesis). This
may cause a reduction in blood bicarbonate levels because
bicarbonate can buffer the rise in acidity. Consequently, the
body’s carbon dioxide (CO2) production may be increased,
thus possibly leading to increased CO2 removal from the
body by means of increased respiration rate and ventilation.
This rapid increase in ventilatory parameters can be used to
detect these thresholds when exercise intensity is increased
incrementally (for example, in test situations). Another
detectable sign in incremental exercise tests may be the
deflection point of heart rate. That is, at low to moderate
intensities heart rate may increase linearly in relation to
external work performed (e.g. speed or watts), but at AnT
intensity, the increase in heart rate may start to slow. To
clarify, this kind of metabolic threshold can be determined
for everyone, whether one is sedentary, highly trained, or
otherwise, but the exact lactate level may vary depending on
individual physiological characteristics, for example
between 3-4 mmol/l. Regardless of the exact lactate value,
the same or similar physiologic responses may occur and
these responses are measured in order to determine the
threshold intensity. Heart rate level and/or pace (e.g. min/km
or km/h) corresponding to AnT may be relevant training
parameters since either one or both can be measured during
any exercise and the user can easily observe whether he/she
is on the right intensity zone or not. Pace (e.g. min/km or
km/h) corresponding to AnT may allow an individual to, for
example, track changes in fitness level because AnT-pace is
a relevant predictor of, for example, marathon performance.
Alternatively, other training parameters can be measured as
would be understood by a person of ordinary skill in the art.

[0006] Accordingly. AnT may present an exercise inten-
sity level that is important to long-term performances as it
may represent the highest intensity of performance that can
be tolerated for relatively long periods. The metabolic
characteristics of AnT (and other similar lactate derived
threshold values such as OBLA and MLSS) may be related
to those of critical power, which is a concept that aims to
represent the highest workload at which it is possible to
perform, for example, 30 min to 60 min all-out time trials.
In practice, the intensity may be higher at critical power than
at AnT, and the AnT has been associated with a lower
workload and increased time to exhaustion when compared
to critical power.
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[0007] Downsides of the current methodologies to define
AnT are well known. The available methods for estimating
the AnT require specific exercise protocols with incremental
exercise intensity. Moreover, laboratory tests are invasive
since blood lactate samples are used to determine AnT.
Further, a single incremental test might not be accurate in
each case, as there is variation in the individuals® perfor-
mance level from day to day. Additionally, laboratory tests
can cause anticipation and be stressful, which may affect
physiology and the accuracy of the results. Therefore, it
would be very beneficial if anaerobic threshold could be
non-invasively analyzed from day to day with freely per-
formed real-life exercises outside of laboratory conditions.
This may be easier for the users, and as more data on
determined anaerobic threshold may become available, it
may also increase accuracy and reliability of the determined
anaerobic threshold value.

SUMMARY

[0008] Exemplary embodiments of the disclosure may
determine a person’s anaerobic threshold intensity from, for
example, freely performed exercise, and may further provide
feedback.

[0009] In oneexemplary embodiment, a method for deter-
mining a person’s anaerobic threshold intensity (AnT) in a
freely performed physical exercise may be conducted
according to the following exemplary steps:

[0010] a. the user may start to perform an exercise;

[0011] b. physiological response may be continuously
measured by heart rate, and measured heart rate values
may be recorded with time stamp as heart rate data;

[0012] c. external workload may be continuously mea-
sured, and measured workload values may be recorded
and associated with recorded heart rate values, and each
heart rate value and associate workload value may form
a data point;

[0013] d. unreliable data points may be filtered using
predetermined criteria, and remaining points may form
accepted data points;

[0014] e. accepted data points may be classified to
selected narrow segments regarding heart rate covering
AnT, including segments below and above a probable
heart rate value of AnT, and at least one data point in
each segment may be stored in records;

[0015] f. a first factor P1[i] may be calculated for
probability for each accepted data point based on
external workload and heart rate variability, wherein
factor P1[i] may be part of total probability P[i] which
may depict a likelihood of AnT being in respective
segment [i].

[0016] g. the calculated probability factor P1 may be
compared with a previous value in a respective seg-
ment, and if higher, the respective data point may be
updated in the record, and if otherwise, it may then be
disregarded; and

[0017] h. when requested, continuing to a full calcula-
tion, wherein

[0018] 1. executing the full calculation of the estimate of
AnT may include calculating optional remaining (P2,
P3) factors for each total probability P[i], the full
calculation using the stored data of the said records;
and
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[0019] j. calculating an estimate of AnT as a weighted
value of all heart rates of each segment and each total
probability P[i] therein.

[0020] In another exemplary embodiment the overall
probability may be split to factors (P1, P2 . . . ). The major
part of total probability (P1) may be chosen so that the need
of calculation may be minimized, but full calculation can be
executed whenever AnT should be given to the user. Full
calculation may use segmented data as a base. In that
exemplary embodiment, candidates may be calculated into
segments, and updating remaining parts (P2, P3) may take
place rarely. The segment data may include, for example,
elapsed time, heart rate, external workload (e.g. theoretical
oxygen consumption, watts or speed (v)), maximum external
workload during the exercise (e.g. maximum speed (v,,,.)),
mean average MN (MAD), minimum MAD (MADmin), or
other data as would be understood by a person of ordinary
skill in the art.

[0021] In another exemplary embodiment, the major part
(P1) of total probability (P) may be calculated, for example,
based on the relationship between current external workload
and highest measured external workload, and the relation-
ship between current and lowest measured heart rate vari-
ability level.

[0022] In another exemplary embodiment, remaining fac-
tors (P2,P3) may at least be based on a user’s fitness level
and population reference values, the population reference
values being related to the normal location on AnT in
HR-scale, as would be understood by a person of ordinary
skill in the art. In one example, it may be about 90% of
HRmax, but could be any similar value without departing
from the scope of the disclosure. In some embodiments, a
population reference value may be based, for example, on
linear dependency between heart rate and external workload.

[0023] In other exemplary embodiments, intensity level
corresponding to a best estimate of the user’s anaerobic
threshold is determined. Determined intensity level corre-
sponding to a user’s anaerobic threshold can be expressed as
an absolute or relative value describing intensity, for
example, heart rate (HR) level, percentage of maximal
intensity (% HRmax, % VO2max, % METmax), pace (min/
km or min/mile), speed (km/h or mph), theoretical VO2
(ml/kg/min) or any other parameter describing exercise
intensity.

[0024] In another exemplary embodiment, the user may be
advised through the feedback regarding an aim of the
exercise, and/or the user may be advised by the feedback to,
for example, choose an exercise type from a preset group of
different exercise types.

[0025] Anaerobic threshold estimate can be given during
and/or after exercise to the user, or to any external system.

[0026] The method could be implemented in any device
comprising a processor, memory and software stored therein
and a user interface, for example, a heart rate monitor, fitness
device, mobile phone. PDA device, wristop computer, pet-
sonal computer, and the like.

[0027] The following Table 1 may show exemplary defi-
nitions and abbreviations of terms used in the exemplary
embodiments described herein.
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TABLE 1
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TABLE 1-continued

Exemplary Definitions and Abbreviations

Exemplary Definitions and Abbreviations

Term
or abbreviation

Definition

Term

or abbreviation Definition

AnT

HR

HRmax

% HRmax or phr
Vo2

VO2max

% VO2max
% VO2R

Theoretical VO2 or
theoretical oxygen
consumption

METmax/maxMET/
maximal_ MET

V__Inax or vinax

R-R-interval
HRV

MAD

MADmn or
minMAD or
MADmin

Heart rate segment

Freely performed
physical exercise

Anaerobic threshold. Refers to the highest
velocity or external power output that a
person’s can maintain during physical activity
without continuous lactic acid accumulation.
Heart rate (beats/min)

maximum heart rate (of a person) (beats/min)
heart rate relative to maximum heart rate
Oxygen consumption (ml/kg/min)

maximum oxygen consumption capacity of a
person (ml/kg/min)

measured VO2 relative to VO2max of a person
(measured VO2-resting VO2)/(VO2max-
resting VO2)

Value that describes external workload

(ml’kg/min).

Can be calculated based on speed and altitude
change (or speed and grade of inclination), or
based on measured power output in bicycles
and other exercise equipment.

maximum oxygen uptake capacity of a person
relative to resting oxygen consumption

= VO2max (ml/kg/min)/resting VO2
(mlikg/min)

= VO2max (mlkg/min)/3.5 ml’kg/min

In this application may refer EITHER to
actual velocity measured during physical
activity

OR to a calculatory level-ground running
velocity that has been converted from
measured power output (watts) or measured
running speed at any grade of inclination (for
example product of measured running speed
and measured altitude change).

In this application may refer EITHER to
actual maximum velocity measured during
physical activity

OR to a calculatory maximal level-ground
running velocity that has been converted from
measured power output (watts) or measured
running speed at any grade of inclination (for
example product of measured running speed
and measured altitude change).

Time interval between successive heart beats
Heart rate variability meaning the variation in
time interval between successive heart beats.
The magnitude of heart rate variability may be
calculated from electrocardiographic or
photoplethysmographic signals, for example.
Mean absolute difference of successive
heartbeat intervals. Typically refers to a
measured HRV level.

Typically refers to the lowest HRV value that
has been measured during ongoing exercise.

Accepted (=reliable) data points in AnT
estimation may be classified to selected narrow
segments regarding heart rate covering AnT.
There may be one or more segments below and
one or more segments above expected AnT.
For example, eight successive segments can be
used between 79-95% HRmax or 80-96%
HRmazx. Accordingly, the intensity range

of each segment can be 2% HRmax, for
example.

An exercise that may be performed without a
specific protocol.

The user may freely decide the intensity of
exercise, as well as recovery periods inside the
exercise session.

Continuous measurement of heart rate or
external workload during exercise may include
any type of measurement that is done through
the whole exercise. Continuous measurement
may also refer to measurements that are done
intermittently throughout the exercise: All data
can be recorded but it is also possible to record
for example 1 minute of data after every 3 min
of exercise (for example 0-1 min recording, 1-3 min
not recording, 3-4 min recording, 4-6 min

not recording . . . )

Probability factors that are used to calculate
the total probability of AnT at each heart rate
segment

EPOC Excess post-exercise oxygen consumption. As
it can be nowadays estimated or predicted -
based on heart rate or other intensity

derivable parameter - it can be used as an
cumulative measure of training load in athletic
training and physical activity.

A level of power output or velocity that can be
maintained for relatively long periods. At
critical power (velocity) exhaustion may occur
after 20-40 min of exercise. Critical power (or
critical velocity) correlates with AnT.

Continuous
measurement

PI-P3...PI

Critical power or
critical velocity or
critical speed

BRIEF DESCRIPTION OF THE FIGURES

[0028] Advantages of embodiments of the present disclo-
sure will be apparent from the following detailed description
of the exemplary embodiments. The following detailed
description should be considered in conjunction with the
accompanying figures in which:

[0029] FIG. 1 presents an exemplary flowchart illustrating
an implementation in an exemplary digital device.

[0030] FIG. 2 is a continuation of FIG. 1 and presents an
exemplary flowchart illustrating the implementation in the
exemplary digital device.

[0031] FIG. 3 presents an exemplary chart of interaction
between cycling power output, running speed and theoreti-
cal oxygen consumption.

[0032] FIG. 4 presents an exemplary chart showing heart
rate, speed, altitude and theoretical VO2 (calculated based
on speed and altitude) collected during a normal training
session.

[0033] FIG. 5 presents an exemplary chart showing mea-
sured heart rate (points) and a line of best tit (solid line) as
a function of external work (theoretical VO2) based on the
data shown in FIG. 4, and usual pattern respiration rate
(dotted line) and heart rate variability (dashed line).

[0034] FIG. 6 presents an exemplary chart showing the
effect of current intensity (as a percentage of a session’s
highest speed) on P1 value when current MAD value
remains constant.

[0035] FIG. 7 presents an exemplary chart showing the
effect of current MAD (as percentage of session’s minimum
MAD) on P1 value when current speed value remains
constant.

[0036] FIG. 8 presents an exemplary chart showing the
effect of changing speed and heart rate on P2 value.
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[0037] FIG. 9 presents an exemplary chart showing a
changing relationship between speed and heart rate, and
their consequent effect on P2 value.

[0038] FIG. 10 presents an exemplary chart showing the
effect of stored heart rate in respective segment (i) (%
HRmax) on P3 value.

[0039] FIG. 11 presents an exemplary block diagram of a
system with additional interfaces.

[0040] FIG. 12 presents an exemplary chart showing criti-
cal velocity and critical power.

DETAILED DESCRIPTION

[0041] Aspects of the invention are disclosed in the fol-
lowing description and related drawings directed to specific
embodiments of the invention. Alternate embodiments may
be devised without departing from the spirit or the scope of
the invention. Additionally, well-known elements of exem-
plary embodiments of the invention will not be described in
detail or will be omitted so as not to obscure the relevant
details of the invention. Further, to facilitate an understand-
ing of the description discussion of several terms used herein
follows.

[0042] As used herein, the word “exemplary” means
“serving as an example, instance or illustration.” The
embodiments described herein are not limiting, but rather
are exemplary only. It should be understood that the
described embodiments are not necessarily to be construed
as preferred or advantageous over other embodiments.
Moreover, the terms “embodiments of the invention”,
“embodiments” or “invention” do not require that all
embodiments of the invention include the discussed feature,
advantage or mode of operation.

[0043] Further, many of the embodiments described
herein are described in terms of sequences of actions to be
performed by, for example, elements of a computing device.
It should be recognized by those skilled in the art that the
various sequences of actions described herein can be per-
formed by specific circuits (e.g. application specific inte-
grated circuits (ASICs)) and/or by program instructions
executed by at least one processor. Additionally, the
sequence of actions described herein can be embodied
entirely within any form of computer-readable storage
medium such that execution of the sequence of actions
enables at least one processor to perform the functionality
described herein. Furthermore, the sequence of actions
described herein can be embodied in a combination of
hardware and software. Thus, the various aspects of the
present invention may be embodied in a number of different
forms, all of which have been contemplated to be within the
scope of the claimed subject matter. In addition, for each of
the embodiments described herein, the corresponding form
of any such embodiment may be described herein as, for
example, “a computer configured to” perform the described
action.

[0044] The method can be implemented in versatile
devices, which have resources for measuring internal inten-
sity and external workload, and run software to execute
processes depicted in the exemplary flowcharts of FIGS. 1
and 2. A schematic hardware assembly is depicted below in
exemplary FIG. 11.

[0045] Initial background and personal data may be
stored. For example, the performance level (for example
VO2max or METmax) and the maximum heart rate
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(HRmax), and the like, of the user may be stored. Personal
data may be entered or determined beforehand.

[0046] In one exemplary embodiment, AnT may be deter-
mined as shown in exemplary FIGS. 1-2. At step (10) the
digital device may continuously monitor heart rate (HR) and
speed of a user. Time (t) may be monitored internally by, for
example, a central processing unit (CPU) of the device. The
raw data may be filtered initially using chosen threshold
values (12) for elapsed time, heart rate, heart rate variability
or other value. The external work data may also be filtered
using, for example, one or more artifact criteria.

[0047] Instep (14) heart rate variability (HRV) values, for
example, MAD (mean absolute difference), may be calcu-
lated and stored. The data point may be filtered out at step
(16) if, for example, the MAD value is too high, or speed is
not stable.

[0048] Further exemplary embodiments may include easy
filtering phases, a calculation of characterizing probability
value P1 for a certain HR-segment, and a determination if
more complex calculation is needed, whereby a full calcu-
lation may be executed only in a chosen situation. At step
(20), when the calculation of P1 takes place, the segment (i)
data corresponding to the actual measured heart rate may be
determined. This data may contain values of the exact heart
rate HR[i], probability P1, registered speed (v), registered
time, and the like. At step (24), an index register is updated
when new value P1 is better than a corresponding value
P1[i] in the segment record (22) of a respective heart rate
range. The segment records (22) may have the fields for best
data point in each segment, for example, heart rate, calcu-
lated probability P1, speed (v), time, and the like.

[0049] In one embodiment the new probability factor is
not just replacing the old one, but the factor is updated with
new value, eg.

updated value to be stored=0.5xnew value+0.5xold
value

[0050] In another exemplary embodiment p-value is taken
into account in updating:

updated value to be stored=plxnew value+((1-pl)x
old value)

[0051] In still another exemplary embodiment p-value is
taken into account in updating in following way:

{(p1_newxHR_new)+(pl_previousx HR_previous)/
(pl_new+pl_previcus).

[0052] At step (18), the probability P1 may be calculated,
for example, using variables speed (v), maximum speed
(V ), mean average HRV (MAD), minimum MAD (MAD-
min), and the like.

[0053] At step (25), after index registers (20) are updated,
a request of AnT may exist, and if so, at step (26), prob-
ability factors, for example P2 and P3, may be calculated. If
AnT is not requested, the execution may return to check a
next data point.

[0054] In some exemplary embodiments, probability P2
may be calculated as a negative part in total probability
based on, for example, how much change in external work-
load deviates from expected change in external workload, or
other factors as would be understood by a person of ordinary
skill in the art. Expected change (segment (i) and segment
(i-1)) in external workload may be calculated based on
change in heart rate between values in respective segments.
Expected change in external workload may be calculated
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based on METmax. The change may be calculated in values
between a chosen segment (i) and any segment with lower
index.

[0055] In further exemplary embodiments, probability P3
may be based on, for example, expected value of 90% of
maximum heart rate that is known as a population reference
value for AnT, but could be based on alternative measure-
ments as would be understood by a person of ordinary skill
in the art. Because it is possible that fit individuals may have
higher (and sedentary individuals lower) AnT than 90% of
maximum heart rate, it is obvious that an adaptive reference
value may be used instead of fixed 90% value.

[0056] At step (28), total probability (P) for a recorded HR
in each segment (i) may then be calculated through P1, P2
and P3.

[0057] In other words, P[i]=P(P1[i], P2[i], P3[i]).

[0058] For example P[i]=(P1[i]+P2[i]+P3[i])*, where z=1
. .. 6. The power ‘6’ gives a strong filtering of small
probabilities.

[0059] Finally, at step (30) an estimate of anaerobic
threshold (AnT) may be calculated as a weighted value from
all AnT candidates in all segments (i) according to the
following exemplary equation.

> (HR[] = (P[iP)

A= = )

[0060] The registered heart rate value and external work-
load (AnT-candidate) of each segment may be multiplied by
the total probability of that segment when all weighted
AnT-candidates are added together.

[0061] In the example above, the probability values P2[i]
and P3[i] may each have a matrix with eight elements (as
also P1 may have). However, the calculation may be modi-
fied such that only a limited number of registers is needed
when, for example, steps (26), (28) and (30) are executed
simultaneously. In some exemplary embodiments, the com-
ponents of the weight function could be calculated in the
index order.

[0062] Exemplary FIGS. 6-10 may illustrate relationships
of major components in the probability factors P1, P2 and
P3. Due to scaling of probabilities, P[i]=((P1[i]+P3[i])/2+
P2[i])'z,

[0063] When calculating weight-values, the probabilities
of the segments are emphasized by a chosen power ‘y’. In
some exemplary embodiments, values of ‘y’ are 3-6, but
could be any value as would be understood by a person of
ordinary skill in the art. The weight function (at step 30) may
use high power (here ‘4’) for the probability P[i], but then
the power z=1 (or vice versa). This may reduce the influence
of lower probabilities. However, in a case where many
segments have similar probabilities, the result value may
better correspond to the true physiological AnT-value this
way than by picking the data point with the highest prob-
ability.

[0064] In one exemplary embodiment a user (e.g. an
athlete or keep fit enthusiast) may start an exercise session.
The type of exercise can be either interval or continuous.
The user can freely decide the intensity of exercise, as well
as recovery periods inside the exercise session. Heart beat
interval data and performance data can be continuously
measured (speed and altitude or power output) during the
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exercise using, for example, a heart rate monitor, wristop
computer or other related device as would be understood by
a person of ordinary skill in the art. Even a heartbeat sensor
that is connected to a mobile phone or PDA device (using for
example Bluetooth connection) can be used, in which case
the mobile phone or PDA device would measure external
workload (speed and altitude) and serve as a CPU unit. The
system may continuously validate and calculate heart beat
and performance data and may form an estimate of a user’s
anaerobic threshold (AnT). Continuous measurement of HR
during exercise may include any type of measurement that
is done through the whole exercise. For example, all RR-
intervals measured from electrocardiographic during exer-
cise are usually recorded, but in the case of photoplethys-
mographic signal it is typical that beat to beat intervals are
recorded only intermittently during exercise. However,
despite intermittent recording, photoplethysmographic sig-
nal can be also used.

[0065] In further exemplary embodiments the user may
exercise outdoors. The user can exercise, for example, by
walking or running. In some embodiments heart rate may be
measured using a heart rate transmitter belt, or the like, and
analyzed in a CPU-unit that can be, for example, a normal
sports watch, wristop computer, or similar device as would
be understood by a person of ordinary skill in the art.
Alternatively, it may be possible to use ppg-signal process-
ing so that both the measurement and analysis of data may
be done using a wristop device, or the like. Measurement of
speed and altitude can be done using a GPS signal. The GPS
receiver may be embedded, for example, in the wristop
device, but an external GPS receiver can be used as would
be understood by a person of ordinary skill in the art.
Altitude data can be retrieved from GPS data, additional
barometer data, and the like. A barometer may be embedded
in the wristop computer. In the described exemplary
embodiments a user may, for example, walk or run (or both)
during the exercise. The terrain can be whatever the user
wants, for example, hilly or flat. During the exercise, data
points may be continuously validated and calculated. The
AnT estimate can be shown to the user during the exercise,
or after exercise, as desired.

[0066] In some of the above described exemplary embodi-
ments, heart beat data, speed data and altitude data may be
gathered and used, for example, when the user is exercising
on foot (walking/pole walking or running) outdoors. In still
further exemplary embodiments, a WIFI technique, for
example, may be used so that positioning can be determined
indoors. It may also be possible to use an accelerometer
signal (for example an accelerometer positioned on a user’s
foot or the like) to define walking/running speed indoors or
outdoors, and that data can be used together with barometer
data. It is also possible that the exercise is done using a
treadmill, or the like. In that case, it is also possible that the
speed data can be retrieved from an accelometry signal, or
the like. In one exemplary embodiment a user can input
treadmill speed data to the CPU while the heart beat data is
continuously measured.

[0067] Insome of the above described exemplary embodi-
ments, a user may exercise on foot either by walking/Nordic
walking, running, or the like. It is also possible to define AnT
in other exercise modes, for example cycling or rowing,
wherein the power output can be easily measured and
retrieved. As would be understood by a person of ordinary
skill in the art, power output can be measured in cycling, for
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example, using a power meter embedded in pedals or chains,
and this power data can be shown to the user in a wristop
device, or the like. In one exemplary embodiment related to
cycling—speed and altitude data may be replaced with
power output data measured from a bicycle. The user can do
the bicycling exercise indoors or outdoors, and on any
desired terrain. In some exemplary embodiments, AnT esti-
mation may only require that both pedaling power and heart
beat interval data are measured.
[0068] Referring generally to the exemplary embodi-
ments, where power output is measured, (e.g. cycling or
speed and altitude of walking or running are measured) it is
possible to increase the accuracy of AnT estimate by mea-
suring performance data. This is because heart beat data can
be measured continuously as a function of performance data.
In this comparison the relationship between performance
data and heart rate should be linear. Data points which seem
to be “outlier” points—when compared to the linear rela-
tionship—can be excluded from the AnT estimation.
[0069] An example of interaction between cycling power
output and running speed may be presented below with
reference to FIG. 3. On the basis of this relationship it is
understood by a person skilled in art that the same or similar
calculation can be used in cycling (or rowing etc.) and
walk/run exercises. The power is presented as watts per
user’s weight (kg). It will be understood that this is only an
example of this interaction in cycling using well known
calculation formulas. The relationship may be similar in the
case of indoor rowing, or other sports. There are some
factors, for example, sport specific efficiency (economy) of
movement which may cause small variations in this rela-
tionship between different sports. For example, the follow-
ing calculation formulas can be used for theoretical VO2:
Theoretical VO2 of running (ml/kg/min)=0.2*(speed

m/min)+0.9%(speed m/min)*TAN (grade of
incline)+3.5

Theoretical VO2 of walking (ml/kg/min)=1.78*
(speed m/s)*60*(TAN(grade of incline)+0.073)

[0070] A threshold speed of e.g. 7.5 km/h can be used in
switching from walking formula to running formula. Alter-
natively, detection between walking and running can be used
using accelerometer data.
[0071] In cycling, power output can be converted to VO2
using the following exemplary formula:

Theoretical VO2 of eycling (ml/kg/minj=({power

watts)*12+300))weight

[0072] FIG. 4 presents examples of heart rate, speed,
altitude and theoretical VO2 (calculated based on speed and
altitude) which may be collected during a normal training
session.
[0073] FIG. 5 shows exemplary exercise (for example,
running/walking) data representing heart rate, speed and
altitude recorded during exercise as a function of exercise
time. In addition, theoretical oxygen consumption (VO2),
that may be calculated based on speed and altitude, is further
shown in exemplary FIG. 5. Data presented in FIG. 5 could
be derived from the same exercise that has been shown in
FIG. 4. In the examples of FIG. 4 and FIG. 5, when this
exercise data is observed in another perspective, for example
as a function of theoretical VO2, the idea of calculation may
be shown. In other words, near anaerobic threshold heart
rate values often tend to show a downturn below linear
dependency, heart rate variability is usually close to its
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minimum levels and heart rate derived respiration may start
an exponential increase. These physiological markers are
searched from the data.

[0074] Still referring to FIG. 5, the exemplary measured
heart rate (points) and the line of best fit (solid line) may be
shown as a function of external work (theoretical VO2). The
dashed line may represent the heart rate variability index. As
can be seen, the probability for AnT may be high, for
example, when HRV index is close to its minimum value and
when heart rate (points) starts a downturn compared with the
linear dependency line (line of best fit). In addition, heart
rate derived respiration rate can be used in AnT detection.
Respiration rate (dotted line) may start to increase exponen-
tially after AnT has been reached. In this example, respira-
tion rate and heart rate variability lines are merely schematic
examples of the phenomena.

[0075] In some exemplary embodiments, the data (for
example, HR, external work, HRV, HRV-based respiration
parameter) may be compartmentalized, for example, into 8
different 2% segments based on individual % HRmax. More
generally there may be anywhere from 5-30 segments and
the size of each segment may a be anywhere from 0.5-3%.
[0076] The system may seek to find the most probable
location of AnT using the data from these segments that can
locate, for example, within approximately 79-96% of indi-
vidual HRmax (at least 7% difference between the low end
and the high end may be required, e.g. 89-96% of HRmax).
There can be similar kinds of restrictions for HRV and
external work, as would be understood by a person of
ordinary skill in the art.

[0077] Within each segment, a suitable data point to
represent that specific segment may be chosen from all data
candidates according to, for example, quality metrics of the
data, fuzzy logics and without using thresholds.

[0078] The possibility for a suitable data point to be
chosen may increase, for example, when heart rate variabil-
ity is at a low level, and may be highest when HRV is the
lowest possible within segment.

[0079] The possibility for a suitable data point to be
chosen may increase, for example, when external workload
(e.g. speed or theoretical VO2 or power output) is high, and
when external workload is stable.

[0080] The data points may be evenly distributed over the
exercise.
[0081] The system may assume that the data for lower

external work are taken from an early part of the exercise,
if available, and the data for higher external work are taken
from the later part of the exercise, if available.

[0082] Probabilities (P1-P3) of each of the chosen data
points to be the AnT-estimate may be calculated. For
example, in the case of P2 calculation, heart rate from the
chosen data points may be compared to external work, and
linear increase may be expected for heart rate when external
workload increases (as shown in FIG. 5). As an example of
P2, outlier points may have lower probability-value. Above
AnT intensity, a downturn of heart rate may occur causing
these measurement points to deviate from a linear regression
line, thus possibly leading to lower P2 values.

[0083] If the data point representing a high intensity
segment is timely located significantly later than any or
some other chosen data points, and does not show significant
decrease in the heart rate vs. speed relationship, the prob-
ability of that point or higher intensity data point to be the
AnT may be increased (P2-probability increases).
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[0084] In some exemplary embodiments, approximately
90% of HRmax may be used as a population level reference,
and the probability of the data point to be defined as AnT
may be increased when locating closer to that reference
(P3-probability increases).

[0085] In still other exemplary embodiments, a heart rate
variability (HRV) measure may be used in the AnT deter-
mination. Heart rate variability may be high at low intensi-
ties and may start to decrease when exercise intensity rises
to a moderate level, for example, over 60% of maximal heart
rate. Between about 60-80% heart rate variability may be
considered a low level. The point at which variability starts
to increase again, for example, between 85 and 90%, may be
close to AnT. This is because the acidity induced sudden
increase in ventilation may cause increased variability in
heart rate (differences in successive heart beat intervals).
Data points located close to “HRV increase” may have a
high AnT probability (P1-probability increases).

[0086] Attributes of the data points (HR, external work,
P1, t, and the like) may be stored.

[0087] By using probabilities calculated for each segment,
AnT may be calculated as, for example, a weighted sum
from all segments.

[0088] AnT can be provided for the user or other system
in real-time or after the exercise, as desired.

[0089] If data points do not appear to include AnT,
extrapolation of the data can be used to specify the most
probable AnT location as % HRmax or HR level. Extrapo-
lation can be made based on the slope-value of heart rate as
a function of external workload in the highest segment with
stored heart rate. In the case that slope value is high when
exercise highest measured heart rate is reached, say at 87%
HRmax, it may be concluded that AnT locates at 92%, for

ZH
i=0
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[0094] In some exemplary embodiments, the mathemati-
cal formula for P1 may be expressed as Matlab®M-code:

P1=(1500-100*(vmax-v)-600* (MAD-MADmin))/
15,

[0095] wherein v=current speed (km/h; watts from e.g.
cycling can be transformed to km/h scale if needed
according to FIG. 3), vmax=highest measured speed,
MAD=current HRV-level, MADmin=lowest measured
HRV-level.

[0096] If a current P1 value is lower than a P1 value
already measured for that HR segment [i], then the P1
current value may be rejected. Otherwise, the current Pl
value may be recorded as one AnT candidate (HR, v, P1, t),
where t is a current time moment.

[0097] The idea of this P1 calculation is that a higher
current speed (relative to highest speed measured during
exercise) may result in a higher P1 value, because increasing
or steady state intensities may be more reliable for deter-
mining AnT as compared with decreasing intensity. FIG. 6
shows an example of the effect that current speed (as a
percentage of session’s highest speed) may have on P1 value
when current MAD value is constant.

[0098] In addition, AnT probably occurs in intensities
where heart rate variability (=MAD) is close to a minimum
value. P1 may decrease when the difference between current
MAD and minimum MAD increases. FIG. 7 shows an
example of the effect that current MAD (as a percentage of
session’s minimum MAD) may have on P1 value when
current speed value is constant.

[0099] In further exemplary embodiments, the mathemati-
cal formula for P2 may be expressed as j=respective seg-
ment index, i runs here from 0 to j-1

V-V

[

PHR; — pHR;) « maximalMET « 1.5623

1] /MaxFunc]
/

example. On the other hand, the same example in perspec-
tive, if the slope-value would have been low it could be
concluded that AnT locates at 87%. Slope-value expresses
the relationship between change in heart rate and external
workload calculated from values in respective segments.
The extrapolation of AnT-value is based on empiric model
or function.

[0090] Another embodiment may require for giving AnT
estimate that a user reaches a certain heart rate limit during
exercise that may be 90% of maximum heart rate, for
example.

[0091] The accuracy of the method may increase when
more data is collected for a specific user by learning from the
user data.

[0092] The method and the system can be used in any type
of exercise where and external work can be measured, as
would be understood by a person of ordinary skill in the art.

[0093] Further exemplary embodiments for the calculation
of previously described probabilities are described below. In
one exemplary embodiment, three probability factors P1-P3
may be used, although more probability factors may be used
as desired. AnT may be determined as a weighted average of
these probabilities.

J

where 1 runs from 0 to j-1 in each segment j and
maxPunc=1, if (t-t)/5<1, and
elsewhere maxFunc=(t,~,)/5,

wherein V, is a user’s stored speed in respective segment (or
speed calculated from watts), pHR r is a user’s stored heart
rate relative to a maximal heart rate in respective segment
and maximal MET is a user’s maximal exercise capacity.

[0100] In the above formula for P2 the part V-V, may
calculate the actual change in speed and (pHR-pHR)
*maximalMET*1.5625 may describe how much a user’s
speed should increase relative to the increase in measured
heart rate. As would be understood by a person of ordinary
skill in the art, a user’s maximal exercise capacity may
influence this relationship. In addition, the gap in time
between two moments may be taken into account to
decrease its influence on P2 when the gap is increasing
above five minutes, for example: M-code

“max(1,abs(#(i)-#(1:i-1))/5)”
ie.
maxFunc=1, if (t-t,)/5<1, and

elsewhere maxFunc=(t,-t,)/5,
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Thus, and MaxFunc is a set limit function reducing the effect
of those data points locating far in time scale from the new
point.

[0101] The calculation of P2 may be used to decrease the
AnT-probability of a measurement point, where heart rate
may not stay in line with external workload (theoretical
oxygen consumption, watts or speed). FIG. 8 shows an
example of the effect that changing speed and heart rate may
have on P2 value. In the example of FIG. 8, heart rate has
increased 6% and the consequent change in speed may
determine the P2 value. The value may only be taken into
account if it is below 0. As would be understood by a person
of ordinary skill in the art, in classic probability calculus,
P-values cannot reach values below 0, but in fuzzy logics
they may. FIG. 8 may represent just one exemplary case, and
a broader example may be presented in FIG. 9 where more
cases (heart rate increases between 6% and 10% and speed
between -0.7 and +0.7 km/h) have been represented. Posi-
tive values have been excluded from exemplary FIG. 9. A
person’s maximum performance capacity (METmax or
maxMET in this disclosure) may be one influencing factor.
METmax value depends on personal physiological charac-
teristics and training history. METmax typically varies
between about 10-15 METs. The extent to which P2 value
changes (due to heart rate vs. external workload relation-
ship) may depend on a person’s METmax-value. METmax
value itself may be determined during the early phases of
exercise as is disclosed in applicants’s other patent applica-
tions (WO2015036651 and W02012140322). Other options
for determining METmax may comprise use of current and
history exercises together, or METmax value may be set by
the user before an exercise as a background parameter. In
FIG. 8 and FIG. 9 an arbitrary value has been used for
METmax and graphs may vary if lower or higher METmax
value had been used.

[0102] In further exemplary embodiments, calculation of
the probability may be expressed as Matlab® M-code:

P3()=100%(101-phr()))/11, when phr(i>90%
P3()=100%(114phr(i)}-90))/11, when phr(i)<=90%,

[0103] wherein phr(i) is a user’s stored heart rate in
segment (i) proportional to the maximum heart rate of
the user.

[0104] The calculation of P3 may be desired in that,
according to empirical evidence AnT may occur at approxi-
mately 90% of maximal heart rate. Accordingly, the prob-
ability may decrease when intensity moves away from this
intensity. FIG. 10 may show an example of the effect that
stored heart rate in segment (i) (% HRmax) may have on P3
value.

[0105] In one exemplary embodiment, other signals—in
addition to heart rate and external workload—may be mea-
sured and accompanied into the AnT estimation. One such
signal is, for example, electromyographic (EMQG) signal
from muscles. EMG signal magnitude may provide one
additional measure that could be taken into account in AnT
estimation since there has been found AnT-induced non-
linear change in EMG signal magnitude in incremental
exercise tests. This threshold-like change may be associated
to change in motor unit recruitment pattern when fast (type
2) muscle fibers are needed to be able to increase external
workload. EMG-measuring pants are an example of a mean-
ingful state-of-art method that could be incorporated to the
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exemplary embodiments in this document. Measured EMG-
data could be transmitted to the CPU by using Bluetooth, for
example.

[0106] State-of-art measurement methods may allow for
integration of (transthoracic) bioimpedance recording equip-
ment into a heart rate transmitter belt. In that case measure-
ment of transthoracic impedance may allow a more detailed
analysis of user’s respiration rate and tidal volume, and
consequently ventilation. These respiratory measures may
increase the accuracy of AnT estimation when incorporated
into the exemplary embodiments disclosed in this applica-
tion.

[0107] It has been disclosed in this document that accu-
racy of the method may increase when more data is collected
for a specific user by learning from the user data. When more
measurement data is “fed” to the system, it is possible to use
for example weighted average as a result to increase the
robustness of the method. So if AnT-estimate heart rate on
a previous day has been, for example 180, and on the day
after it seems to be 174, then average value of 177 can be
displayed to the user. One possible embodiment may also be
to allow a user to set a measured AnT value as background
parameter. Then this value could be used as one reference
point in addition to actual estimates. It is also possible to
weight AnT—estimates above regarding calculation of
weighted average. More weight may be given for a reliable
estimate: For example if there is a wide range of stored data
regarding heart rate and number of segments. AnT estimates
may be taken from different exercises on different days.
[0108] There are also other ways to teach the system about
a user’s physiology: it may be possible to scan user data to
find, for example, record times for different distances. Aver-
age speed (or theoretical VO2) can be observed in the case
of running and average watts (per user’s weight) in the case
of cycling. Examples of this relationship may be shown in
FIG. 12. Speed value and watt/kg value—where the line
starts to level of—is called critical velocity or critical power.
As mentioned earlier critical velocity/power correlates with
AnT. By estimating critical velocity or critical power from
history data it may be possible to increase accuracy of the
AnT-estimate.

[0109] AnT may play an important role in training load
and training effect assessment because training load may
increase dramatically after intensity exceeds a person’s AnT.
Accordingly, more accurate AnT estimation as described in
this disclosure can be utilized in many ways. In one exem-
plary embodiment, AnT may be used in calculation of
training load (e.g. EPOC) and training effect during or after
exercise.

[0110] In further exemplary embodiments, AnT may be
utilized in training prescription. For example, a user can
have a goal to improve marathon time. In that case, the user
may desire to improve running speed corresponding to
anaerobic threshold (v_ant), because a marathon race needs
to be run without continuous lactate accumulation. As would
be understood by a person of ordinary skill in the art, a basic
rule of specificity of training (related to improvement of
physiological or biomechanical characteristics) states that
the intensity-range (speed range) most commonly used in
training also improves the most. For example, marathon
runners try to train as much as possible near AnT intensities,
thereby trying to improve v_ant. Improvement of v_ant may
be induced by, for example, improved running economy
(lower oxygen cost of running), improved lactate removal,
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improved aerobic metabolism (improved fat metabolism),
and the like. Due to more accurate AnT estimates, training
prescription can be focused more accurately on AnT inten-
sities, and consequently, v_ant can be improved more effi-
ciently.

[0111] In some exemplary embodiments, a user may have
a goal to improve performance in, for example, a 3 km or 5
km run, in a cooper (12 min) running test, or the like. In
these embodiments, training of maximal oxygen uptake
(VO2max) may be highly important. Because exercise
intensities just above anaerobic threshold are very efficient
in improving VO2max, it should be understood by a person
of ordinary skill in art that the described embodiments can
be efficiently utilized in a VO2max training prescription.

[0112] In still further exemplary embodiments the deter-
mined AnT may be utilized in selecting a target pace for a
running or cycling race. For example, after a pace corre-
sponding to AnT has been determined for a person, for
example a target pace of 90% of that pace can be set for a
marathon. Still further, the marathon target speed could be
adjusted based on the fitness level of the user. For example,
a target pace of 95% of v_ant may be set for a person with
very high fitness level. The system and method according to
the exemplary embodiments can be applied in many kinds of
devices as would be understood by a person of ordinary skill
in the art. For example, a wrist top device with a heart-rate
transmitter, a mobile device such as a phone, tablet or the
like, or other system having CPU, memory and software
therein may be used.

[0113] According to exemplary FIG. 11, in the implemen-
tation may include an assembly built around a central
processing unit (CPU) 32. A bus 36 may transmit 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 may be connected to
the bus.

[0114] The system may include a data logger which can be
connected to cloud service, or other storage as would be
understood by a person of ordinary skill in the art. The data
logger may measure, for example, physiological response
and/or external workload.

[0115] Aheart rate sensor 42 and any sensor 40 registering
external workload may be connected to the input unit 31,
which may handle the sensor’s data traffic to the bus 36. In
some exemplary embodiments, the PC may be connected to
a PC connection 37. The output device, for example a
display 45 or the like, may be connected to output unit 34.
In some embodiments, voice feedback may be created with
the aid of, for example, a voice synthesizer and a loud-
speaker 35, instead of, or in addition to the feedback on the
display. The sensor 40 which may measure external work-
load may include any number of sensors, which may be used
together to define the external work done by the user.

[0116] More specifically the system presented in FIG. 11
may have the following parts for determining a body’s
readiness to respond to physical exercise and provide feed-
back to a user:

[0117] a heart rate sensor 42 configured to measure the
heartbeat of the person, the heart rate signal being
representative of the heartbeat of the user;

[0118] at least one sensor (40) to measure an external
workload during an exercise, and a data processing unit
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(32) operably coupled to the said sensors (42, 40), a
memory (31.1, 31.2) operably coupled to the data
processing unit (32),

[0119] the memory may be configured to save back-
ground information of a user, for example, background
data including an earlier performance level, user char-
acteristics, and the like.

[0120] The data processing unit (32) may include dedi-
cated software configured to execute the embodiments
described in the present disclosure.

[0121] As described above in the exemplary embodi-
ments, default values of the optional parameters (for
example, P2 and P3) may be stored in a ROM memory, in
an EEPROM (Electrically Erasable Programmable Read-
Only Memory) memory, or in other memory as would be
understood by a person of ordinary skill in the art.

[0122] The foregoing description and accompanying fig-
ures illustrate the principles, preferred embodiments and
modes of operation of the invention. However, the invention
should not be construed as being limited to the particular
embodiments discussed above. Additional variations of the
embodiments discussed above will be appreciated by those
skilled in the art.

[0123] Therefore, the above-described embodiments
should be regarded as illustrative rather than restrictive.
Accordingly, it should be appreciated that variations to those
embodiments can be made by those skilled in the art without
departing from the scope of the invention as defined by the
following claims.

1. A method for determining anaerobic threshold intensity
(AnT) of a user in a freely performed physical exercise,
comprising:

continuously measuring a physiological response of a user
by heart rate, wherein a plurality of measured heart rate
values are recorded with time stamps as heart rate data;

continuously measuring an external workload, wherein a
plurality of measured workload values are recorded and
each measured workload value is associated with one
of the plurality of measured heart rate values to form a
plurality of data points;

filtering one or more data points based on a predetermined
criteria to form a plurality of accepted data points;

classifying accepted data points within a plurality of heart
rate segments representing a heart rate within an
anaerobic threshold (AnT) of the user, wherein at least
one segment is below a probable heart rate value of
AnT, and at least one segment is above the probable
heart rate value of AnT;

calculating a first probability factor for each of the plu-
rality of accepted data points based on the measured
external workload value and a measured heart rate
variability of each data point;

comparing the calculated first probability factor with at
least one stored probability factor in the respective
segment, and if the first probability factor is higher than
the at least one stored probability factor, the stored
probability factor is updated by the new probability
factor

calculating a second probability factor of each stored data
point for each respective segment based on a deviation
between change in recorded external workload and
expected change in external workload;

calculating a third probability factor of each stored data
point for each respective segment based on the
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recorded heart rate of the user in proportion to the
maximum heart rate of the user;
calculating a total probability of each recorded heart rate
in each segment using the first probability factor, the
second probability factor, and the third probability
factor;
calculating an estimate of the user’s AnT as a weighted
value of heart rate valueS recorded for each segment,
wherein each recorded heart rate value in each segment
is multiplied by the total probability stored for that
segment when all weighted values are added together.
2. The method of claim 1, wherein the first probability
factor is calculated based on the relationship between cur-
rent measured external workload and highest measured
external workload, and the relationship between current
measured heart rate variability level and lowest measured
heart rate variability level.
3. The method of claim 2, wherein the first probability
factor (P1) is calculated according to the equation:
P1=0.1500-100*(vmax-v)-600* (MAD-MADmin))/
15,
wherein  v=current measured external workload,
vmax=highest — measured  external  workload,
MAD=current measured heart rate variability level, and
MADmin=lowest measured heart rate variability level.
4. The method of claim 1, wherein the second probability
factor and the third probability factor are based on popula-
tion reference values.
5. The method of claim 1, wherein the second probability
factor (P2) for a particular heart rate segment (i) is calculated
according to the equation:

i1 Vj -V
Z,-:o [((pHR .~ pHR,) x maximalMET+1.5625 1] / Maxk ””C]
)]

wherein j is a respective segment index, i runs from 0 to
J. V, s a user’s recorded external workload in segment
(1), pHR,) is a user’s recorded heart rate in segment (i)
relative to a maximum heart rate, and maximal MET is
a user’s maximal exercise capacity, and MaxFunc is a
set limit function reducing the effect of old datapoints.
6. The method of claim 1, wherein the third probability
factor (P3) is calculated according the equation:

P3()=100*(101-phr(i))/11,when phr(i) is greater
than 90%; or

P3@)=100*(114phr(D)-90))/11when phr(i) is less
than or equal to 90%.
wherein phr(i) is a user’s recorded heart rate proportional
to the maximum heart rate of the user in segment (i).
7. The method of claim 1, wherein the estimate of the
user’s AnT as a weighted value of the recorded heart rates
(HR) of each segment (i) is calculated according to the
equation:

> (HRIi](PLiP)

AT = = )
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wherein P[i] is the total probability of each segment (i),

and y is a chosen power value.

8. The method of claim 1, wherein the estimate of the
user’s AnT can be displayed to the user during the exercise
or after the exercise.

9. The method of claim 1, wherein the estimate of the
user’s AnT can be displayed to the user as a value describing
external workload.

10. The method of claim 1, wherein the plurality of heart
rate segments include 5-30 segments.

11. The method of claim 10, wherein the size of each
segment is 0.5-3% of the user’s maximum heart rate.

12. A system for determining anaerobic threshold inten-
sity (AnT) of a user in a freely performed physical exercise,
comprising:

means for continuously measuring a physiological

response of a user by heart rate, wherein a plurality of
measured heart rate values are recorded with time
stamps as heart rate data;

means for continuously measuring an external workload,

wherein a plurality of measured workload values are
recorded and each measured workload value is associ-
ated with one of the plurality of measured heart rate
values to form a plurality of data points;

means for filtering one or more data points based on a

predetermined criteria to form a plurality of accepted
data points;

means for classifying accepted data points within a plu-

rality of heart rate segments representing a heart rate
within an anaerobic threshold (AnT) of the user,
wherein at least one segment is below a probable heart
rate value of AnT, and at least one segment is above the
probable heart rate value of AnT,

means for calculating a first probability factor for each of

the plurality of accepted data points based on the
measured external workload value and a measured
heart rate variability of each data point;
means for comparing the calculated first probability factor
with at least one stored probability factor in the respec-
tive segment, and if the first probability factor is higher
than the at least one stored probability factor, the stored
probability factor is updated by the new probability
factor
means for calculating a second probability factor of each
stored data point for each respective segment based on
a deviation between change in recorded external work-
load and expected change in external workload;

means for calculating a third probability factor of each
stored data point for each respective segment based on
the recorded heart rate of the user in proportion to the
maximum heart rate of the user;

means for calculating a total probability of each recorded

heart rate in each segment using the first probability
factor, the second probability factor, and the third
probability factor;

means for calculating an estimate of the user’s AnT as a

weighted value of heart rate valueS recorded for each
segment, wherein each recorded heart rate value in each
segment is multiplied by the total probability stored for
that segment when all weighted values are added
together.

13. The system of claim 12, wherein the second prob-
ability factor and the third probability factor are only cal-
culated when the estimate of the user’s AnT is required.



US 2017/0049334 A1

14. The system of claim 12, wherein the first probability
factor is calculated based on the relationship between cut-
rent measured external workload and highest measured
external workload, and the relationship between current
measured heart rate variability and lowest measured heart
rate variability level.

15. The system of claim 12, wherein the estimate of the
user’s AnT can be displayed to the user during the exercise
or after the exercise.

16. The system of claim 12, wherein the plurality of heart
rate segments include between 5-30 consecutive 0.5-3%
segments of the maximum heart rate of the user.

17. A method for determining anaerobic threshold inten-
sity (AnT) of a user in a freely performed physical exercise,
comprising:

continuously measuring a physiological response of a user

by heart rate, wherein a plurality of measured heart rate
values are recorded with time stamps as heart rate data;
continuously measuring an external workload, wherein a
plurality of measured workload values are recorded and
each measured workload value is associated with one
of the plurality of measured heart rate values to form a
plurality of data points;
filtering one or more data points based on a predetermined
criteria to form a plurality of accepted data points;

classifying accepted data points within a plurality of heart
rate segments representing a heart rate within an
anaerobic threshold (AnT) of the user, wherein at least
one segment is below a probable heart rate value of
AnT, and at least one segment is above the probable
heart rate value of AnT, wherein a data point with
highest probability is stored for each segment;

calculating a first probability factor for each of the plu-
rality of accepted data points based on at least the
measured external workload value and a measured
heart rate variability of each data point;

comparing the calculated first probability factor with at

least one stored probability factor in the respective
segment, and if the first probability factor is higher than
the at least one stored probability factor, the stored
probability factor is updated by the new probability
factor; and

calculating AnT using the stored probabilities in each

segment.

18. The method of claim 17, further comprising;

triggering a calculation of at least one second probability

factor based on chosen parameters of said data point if
the first probability factor replaces the at least one
stored probability factor;

calculating a total probability of each recorded heart rate

in each segment using the first probability factor and
the at least one second probability factor;

calculating an estimate of the user’s AnT as a weighted

value of heart rate value recorded for each segment,
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wherein each recorded heart rate value in each segment
is multiplied by the total probability of that segment
when all weighted values are added together.

19. The method of claim 18, wherein at least one second
probability factor is only calculated when the estimate of the
user’s AnT is required.

20. The method of claim 17, wherein the first probability
factor is calculated based on the relationship between cur-
rent external workload and highest measured external work-
load, and the relationship between current and lowest mea-
sured heart rate variability level.

21. The method of claim 17, herein the first probability
factor (P1) is calculated according to the equation:

P1=(1500-100%*(vmax-+)-600* (MAD-MADmin))/
15,

wherein v=current external workload, vmax=highest
measured external workload, MAD=current heart rate
variability level, and MADmin=lowest measured heart
rate variability level
22. The method of claim 21, wherein the estimate of the
user’s AnT as a weighted value of the highest recorded heart
rates (HR) of each segment (1) is calculated according to the
equation:

> CHRIi]« (PLi)

AT == e

wherein P[i] is the total probability of each segment (i)

and y is a chosen power value.

23. The method of claim 17, wherein the at least one
second probability factor is based on population reference
values.

24. The method of claim 23, wherein the population
reference values are based on a population average of heart
rate level corresponding to AnT.

25. The method of claim 23, wherein the population
reference values are based on a population average of heart
rate level corresponding to AnT.

26. The method of claim 23, wherein the population
reference values are based on a linear dependency between
heart rate and external workload.

27. The method of claim 17, wherein the plurality of heart
rate segments includes 5-30 segments.

28. The method of claim 27, wherein a size of each
segment 1s 0.5-3% of the user’s maximum heart rate.

29. The method of claim 17, wherein a final AnT estimate
is calculated from at least two AnT estimates weighted by a
chose criteria

30. The method of claim 17, wherein an AnT estimate is
given to a user only if exercise heart rate reaches a chosen
limit.
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