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(54) Heart rate monitor, method and computer software product

(57) The invention provides a heart rate monitor, a
method and a computer software product. The method
determines (702) from the user’s electrocardiogram a ref-
erence value of a heart rate variable characterizing the
heart rate; determines (704) at least one environmental
parameter value obtainable from air pressure using air
pressure measurement; associates (706) the reference
value of the heart rate variable with at least one environ-
mental parameter value; and records (708) in a register
at least one environmental parameter value and the ref-
erence value of the heart rate variable associated with
the at least one environmental parameter value.
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Description

FIELD

[0001] The invention relates to a method for providing
heart rate information, to a heart rate monitor and to a
computer software product.

BACKGROUND

[0002] As the geographical altitude increases, the at-
mospheric pressure decreases, which results in reduced
air density. As the air density reduces, the oxygen content
per volumetric unit decreases, which produces reactions
in human physiological mechanisms, such as blood cir-
culation, respiration and metabolism. At the same time
the human aerobic performance declines. Moreover,
pressure reduction has particular physiological effects
on the human fluid balance, for instance.
[0003] Clearly detectable geographical-altitude-relat-
ed effects on human physiology typically start above
1500 metres, which can be detected as changes in heart
rate variables characterizing the heart rate, such as rest-
ing heart rate, heart rate during exercise and variations
of heart rate. As the altitude increases the resting heart
rate and the heart rate during exercise increase as the
human body compensates for the oxygen deficit in mus-
cles, whereas the variation of the heart rate and the max-
imum heart rate generally decrease instead.
[0004] In general, the reference values of the heart rate
variables are determined at normal pressure. As altitude
increases or air density otherwise decreases, the refer-
ence value determined at normal pressure does not cor-
respond to pressure conditions, whereby the heart rate
monitoring becomes more difficult and the user is not
able to monitor his physiological condition on the basis
of a variable value characterizing an instantaneous heart
rate.
[0005] Thus it is useful to examine various manners to
provide heart rate information.

BRIEF DESRIPTION

[0006] The object of the invention is to provide a heart
rate monitor, a method and a computer software product
so as to enable the user to take the prevailing pressure
conditions into account while he or she monitors his/her
physiological condition.
[0007] A first aspect of the invention is to provide a
user-specific heart rate monitor comprising: characteriz-
ing means for determining from the user’s electrocardi-
ogram a reference value of a heart rate variable charac-
terizing the heart rate, the reference value of the heart
rate variable comprising the user’s resting heart rate or
a reference value of the user’s heart rate variation; de-
termining means for determining at least one environ-
mental parameter value obtainable from the air pressure
using air pressure measurement; associating means,

connected to the characterizing means and to the deter-
mining means, for associating the reference value of the
heart rate variable with at least one environmental pa-
rameter value; and a register, connected to the associ-
ating means, for recording in the register the at least one
environmental parameter value and the reference value
of the heart rate variable associated with at least one
environmental parameter value.
[0008] A second aspect of the invention is to provide
a user-specific heart rate monitor comprising: character-
izing means for determining from the user’s electrocar-
diogram a reference value of a heart rate variable char-
acterizing the heart rate, the reference value of the heart
rate variable comprising the user’s resting heart rate or
a reference value of the user’s heart rate variation; de-
termining means for determining one environmental pa-
rameter value obtainable from the altitudinal location of
the heart rate monitor using altitudinal location measure-
ment; associating means, connected to the characteriz-
ing means and to the determining means, for associating
the reference value with at least one environmental pa-
rameter value; and a register, connected to the associ-
ating means, for recording in the register at least one
environmental parameter value and a reference value of
the heart rate variable associated with the at least one
environmental parameter value.
[0009] A third aspect of the invention is to provide a
user-specific heart rate monitor comprising: characteriz-
ing means for determining from the user’s electrocardi-
ogram a reference value of a heart rate variable charac-
terizing the heart rate, the reference value of the heart
rate variable comprising the user’s resting heart rate or
a reference value of the user’s heart rate variation; de-
termining means for determining an environmental pa-
rameter value proportional to air density using measure-
ment of a physical variable proportional to air density;
associating means, connected to the characterizing
means and to the determining means, for associating the
reference value of the heart rate variable with at least
one environmental parameter value; and a register, con-
nected to the associating means, for recording in the reg-
ister at least one environmental parameter value and a
reference value of the heart rate variable associated with
the at least one environmental parameter value.
[0010] A fourth aspect of the invention is to provide a
method for generating heart rate information, the method
comprising: determining from the user’s electrocardio-
gram a reference value of a heart rate variable charac-
terizing the heart rate, the reference value of the heart
rate variable comprising the user’s resting heart rate or
a reference value of the user’s heart rate variation; de-
termining at least one environmental parameter value
obtainable from air pressure using air pressure meas-
urement; associating the reference value of the heart rate
variable with at least one environmental parameter value;
and recording in the register at least one environmental
parameter value and the reference value of the heart rate
variable associated with the at least one environmental
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parameter value.
[0011] A fifth aspect of the invention is to provide a
computer software product that includes coded instruc-
tions for executing a computer process in a computer of
a heart rate monitor, the computer process comprising:
determining from the user’s electrocardiogram a refer-
ence value of a heart rate variable characterizing the
heart rate, the reference value of the heart rate variable
comprising the user’s resting heart rate or a reference
value of the user’s heart rate variation; determining at
least one environmental parameter value obtainable
from air pressure using air pressure measurement; as-
sociating the reference value with at least one environ-
mental parameter value; and recording in the register at
least one environmental parameter value and the refer-
ence value of the heart rate variable associated with the
at least one environmental parameter value.
[0012] The preferred embodiments of the invention are
disclosed in the dependent claims.
[0013] The invention is based on the idea that by as-
sociating a reference value of a heart rate variable, such
as resting heart rate, with an environmental parameter
value and by recording said values in a register a stored
logical data structure will be provided. The logical data
structure can be used subsequently to generate heart
rate reference information corresponding to prevailing
environmental conditions while the heart rate is moni-
tored.
[0014] Several advantages are achieved with the heart
rate monitor, the method and the computer software
product of the invention. One advantage of the invention
is to enable calibration of the resting heart rate in the
heart rate monitor as a function of pressure, the calibra-
tion being available to the user when the determination
of the resting heart rate is not possible.

LIST OF THE DRAWINGS

[0015] In the following the invention will be described
in greater detail in connection with preferred embodi-
ments with reference to the attached drawings, in which

Figure 1 is an example of the structure of a heart
rate monitor;
Figure 2 is an example of a heart rate monitor in
connection with a person;
Figure 3 shows part of an electrocardiogram;
Figure 4A shows curves including a reference value
of a heart rate variable and an environmental param-
eter value;
Figure 4B shows a reference value of a heart rate
variable as a function of an environmental parameter
value;
Figure 5 shows as a flow chart an example of the
structure of a heart rate monitor;
Figure 6 is an example of a display unit of the heart
rate monitor;
Figure 7 shows a first example of a method in ac-

cordance with an embodiment; and
Figure 8 shows a second example of a method in
accordance with an embodiment.

DESCRIPTION OF THE EMBODIMENTS

[0016] Figure 1 shows an example of a structure of a
user-specific heart rate monitor 100 based on the use of
telemetry. The user-specific heart rate monitor 100 com-
prises electrodes 106A, 106B, an ECG (ElectroCardio-
Gram) preamplifier 108 provided with differential feed
poles, a transmitter amplifier (TX AMP) 110, a transmitter
coil (TX CL) 112, a receiver coil (RX CL) 116, a receiver
amplifier (RX AMP) 118, a processing unit (PU) 120, a
memory unit (MEM) 122 and a user interface (UI) 124.
[0017] Electrodes 106A, 106B sense the electric po-
tential generated by the electric activity of the heart mus-
cle and produce an ECG signal characterizing the electric
activity of the heart muscle. The ECG signal is applied
from the electrodes 106A, 106B to the ECG preamplifier
108.
[0018] The ECG preamplifier 108 pre-amplifies the
ECG signal and feeds the pre-amplified ECG signal to
the transmitter amplifier 110. The transmitter amplifier
110 may include a plurality of successive amplification
stages, such as an AGC (Automatic Gain Control) am-
plifier and a power amplifier.
[0019] The amplified ECG signal is applied to the trans-
mitter coil 112 that generates an electromagnetic field
114 transferring ECG data. The ECG data may include,
for instance, the ECG as such, part of the ECG and/or
heart rate timing information. The timing information may
include a timing impulse that represents the timing of a
predetermined ECG part.
[0020] In the given example a magnetic component of
the electromagnetic field 114 serves as a transfer mech-
anism for a wireless connection. The solution presented
is not restricted, however, to the use of the magnetic com-
ponent of the electromagnetic field 114, but the ECG data
transfer may use any form of telemetry.
[0021] The receiver coil 116 detects the electromag-
netic field 114 generated by the transmitter coil 112 and
produces an induced electric signal that is applied to the
receiver amplifier 118.
[0022] The receiver amplifier 118 performs electric sig-
nal processing such as filtering and amplifying. In addi-
tion, the receiver amplifier may comprise a plurality of
successive regulation stages.
[0023] The receiver amplifier 118 feeds the electric sig-
nal to the processing unit 120 that may perform analog
signal modification of the electric signal, such as filtration
and analog-to-digital conversions. In addition the
processing unit 120 may perform digital processing such
as digital filtering, signal shaping, ECG signal detecting,
and ECG signal analysing.
[0024] In the processing unit 120 it is possible to de-
termine a value for a heart rate variable characterizing
the heart rate and/or a reference value for a heart rate
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variable. The heart rate variable may be a heart rate beat
interval, a heart rate frequency, a variation of the heart
rate interval and/or a variation of the heart rate frequency.
The reference value for the heart rate variable may be a
heart rate interval at rest, a heart rate frequency at rest,
a reference value of the variation of the heart rate interval
and/or a reference value of the variation of the heart rate
frequency.
[0025] The processing unit 120 can be implemented
using analog circuits, ASIC circuits (Application Specific
Integrated Circuit), a digital processor, a memory and
computer software. The processing unit 120 may be part
of the computer in the user-specific heart rate monitor
100.
[0026] Part of the data produced by the processing unit
120 can be stored in a memory unit 122 connected to
the processing unit 120. In addition the memory unit 122
may include coded instructions for executing a computer
process in the processing unit 120.
[0027] The user-specific heart rate monitor 100 further
comprises a measurement module (MM) 130, which typ-
ically measures a value of a physical variable proportion-
al to air density.
[0028] In one embodiment the measurement module
130 includes a pressure sensor that measures the am-
bient air pressure. The pressure sensor may generate a
voltage level that is proportional to the pressure and that
is converted into numeric format in the processing unit
120, for instance. Small pressure sensors employed in
the user-specific heart rate monitor 100 can be imple-
mented, for instance, by piezo resistive silicon compo-
nents and they represent commercially available tech-
nology known per se. Miniature pressure sensors of
MS54 series manufactured by Intersema can be given
as an example.
[0029] In another embodiment the measurement mod-
ule 130 includes a satellite navigator that determines the
location coordinates of the heart rate monitor 100 includ-
ing altitude data and optionally the time. For instance,
the satellite navigator may record the altitude coordinate
of the heart rate monitor 100 and optionally other deter-
mined coordinates into the processing unit 120. The sat-
ellite navigator may operate, for instance, in the GPS
system (Global Positioning System), in the GLONASS
(Global Navigation Satellite System) system or in another
commonly used satellite positioning system. The imple-
mentation of the satellite navigator in the user-specific
heart rate monitor system applications is technology
known per se.
[0030] The user interface 124 typically includes a dis-
play unit 126 and a display controller. The display unit
126 may include, for instance, LCD components (Liquid
Crystal Display). The display unit 126 may display graph-
ically and/or numerically an instantaneous heart rate var-
iable value, a reference value of the heart rate variable
and/or measurement information produced by the meas-
urement module 130, such as instantaneous air pressure
and/or instantaneous location altitude.

[0031] The user interface 124 further includes a key-
pad 128 by means of which the user may record com-
mands into the user-specific heart rate monitor 100.
[0032] The user-specific heart rate monitor 100 is char-
acterized in that the user of the heart rate monitor mon-
itors his or her own condition by means of the heart rate
monitor.
[0033] The user-specific heart rate monitor 100 shown
in Figure 1 can be divided into a transmitter part 102 and
a receiver part 104. The transmitter part 102 typically
includes device parts 106A to 112 and it performs the
ECG measurement and transmission of the ECG infor-
mation to the receiver part 104. In some embodiments
the transmitter part 102 may include a heart rate detector
that detects a predetermined part of the ECG, generates
a transmitter burst and/or bit stream representing the tim-
ing of the predetermined ECG part and transmits the
transmitter burst to the receiver part 104.
[0034] The receiver part 104 typically includes device
parts 116 to 128 that process the electric signal used in
telemetry and the ECG information and provide a user
interface. In addition the receiver part 104 typically in-
cludes a measurement module 130, but in some embod-
iments the measurement module 130 may also be locat-
ed in the transmitter part 102. In that case the information
generated by the measurement module 130 can be trans-
mitted telemetrically to the receiver part 104.
[0035] With reference to the embodiment of Figure 2
the transmitter part 102 is placed in a transmitter belt 202
that is worn around the user’s 200 chest. The ECG infor-
mation is delivered telemetrically from the transmitter belt
202 to the receiver unit 204 that is typically a wrist-worn
device. In some embodiments the receiver unit 204 is
attachable to bicycle structures such as a handle bar.
The placement of the receiver unit 204 is not restricted,
however, to the wrist or the handle bar, but it can be
placed anywhere with the proviso that a telemetric con-
nection between the transmitter unit 202 and the receiver
unit 204 is maintained and that the user is able to use
the receiver unit 204.
[0036] In one embodiment the transmitter part 102 and
the receiver part 104 are integrated in the same heart
rate monitor, whereby a user-specific heart rate monitor
worn on the wrist or held on the handle bar, for instance,
is obtained. In that case some device parts of Figure 1,
such as the coils 112, 116 and the amplifiers 110, 118,
are not necessarily needed. In one embodiment the
transmitter part 102 and part of the receiver part 104 are
integrated in the transmitter belt 202, whereby the trans-
mitter belt 202 may collect ECG data, process the ECG
data and determine values of variables characterizing
the heart rate. In that case the telemetric data transmis-
sion conveys processed data, such as variable values
characterizing the heart rate and commands given by the
user, from the transmitter belt 202 to the receiver unit
204. In that case the receiver unit 204 may also be tele-
metrically, optically or galvanically connected to the
transmitter belt 202.
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[0037] Figure 3 shows successive ECG pulses 304A,
304B in a time/voltage coordinate system 300, 302.
[0038] Each pulse 304A, 304B corresponds to one
heartbeat with timing 316A, 316B. The interval between
the pulses 304A, 304B is called a heart rate interval 318.
[0039] The pulse 304A, 304B has pre-detectable
parts, such as P wave 306A, 306B, Q wave 308A, 308B,
R wave 310A, 310B, S wave 312A, 312B and/or T wave
314A, 314B, which represent various phases of a heart-
beat.
[0040] The generation mechanisms of P, Q, R, S and
T waves are known per se. The R wave 310A, 310b pro-
duces a strong and thus easily detectable structure in
the pulse 304A, 304B, so the R wave 310A, 310B is gen-
erally used for detecting a QRS complex and for deter-
mining the pulse timing 316A, 316B.
[0041] The QRS complex can be detected with a pulse
detector, for instance. The transmitter part 102 may gen-
erate, for instance, a burst corresponding to the timing
of each pulse 304A, 304B, the burst being transmitted to
the receiver part 104. The receiver part 104 receives the
bursts and may determine, for instance, the heart rate
interval 318 between the successive bursts. On the basis
of the heart rate interval 318 it is possible to generate
heart rate variables characterizing the heart rate, such
as heart rate frequency, resting heart rate, variation in
the heart rate interval and/or a reference value of the
variation in the heart rate interval. Determination of the
heart rate variables is known per se, and therefore it is
not described in greater detail herein. The values of the
heart rate variables can be recorded in the memory unit
122 for processing or for subsequent use.
[0042] Figure 4A shows an environmental parameter
curve 406, 408 representing a value of an environmental
parameter and a heart rate variable curve 414 represent-
ing a reference value of a heart rate variable. The hori-
zontal axis 402 represents time dimension. It is assumed
in Figure 4A that a change in the environmental param-
eter causes detectable changes in the value of the heart
rate variable characterizing the heart rate and in the ref-
erence value of the heart rate variable.
[0043] The environmental parameter is typically a pa-
rameter characterizing air density in the ambient air of
the heart rate monitor, so at the same time the environ-
mental parameter characterizes the oxygen content in a
volumetric unit. The environmental parameter may be
the pressure prevailing in the vicinity of the heart rate
monitor. In one embodiment the environmental parame-
ter is the altitudinal location or the effective altitudinal
location of the heart rate monitor. The effective altitudinal
location corresponds to a free atmospheric altitude. The
effective altitudinal location can be attained under con-
trolled conditions such as in a pressure chamber or in an
artificial, low-pressure "alpine hut" (??). The effective al-
titudinal location can also be linked to the oxygen content
of breathing air in a volumetric unit.
[0044] As an example of an environmental parameter
curve is given an altitude curve 406 that represents the

altitudinal location of the heart rate monitor, for instance,
in kilometres. Thus the length variable unit such as kilo-
metre appears on the vertical axis 404. The starting point
410 of the altitude curve 406 corresponds, for instance,
to the altitude to which the user is acclimatized. The start-
ing point 410 of the altitude curve is the sea level or the
altitude of the user’s domicile, for instance.
[0045] As another example of an environmental pa-
rameter is given a pressure curve 408 that is typically a
function of the altitudinal location or the effective altitu-
dinal location. Thus the pressure variable unit such as
millibar appears on the vertical axis 404. The starting
point 412 of the pressure curve 408 is the normal atmos-
pheric pressure (1013 mbar), for instance.
[0046] The heart rate variable curve 414 presents the
reference value of the heart rate variable as the altitude/
pressure conditions change. Thus the heart rate variable
unit such as pulse per minute appears on the vertical axis
404. The starting point 416 of the heart rate variable ref-
erence value is the resting heart rate at normal atmos-
pheric pressure, for instance.
[0047] At the altitude of 2000 metres the heart rate
frequency typically increases 10 % as compared with the
heart rate frequency at the sea level. When reaching the
altitude of 4500 metres the heart rate frequency increas-
es about 50 % as compared with that at sea level.
[0048] The situation in Figure 4A may represent, for
instance, a take-off of an aircraft, whereby the time scale
on the horizontal axis is a few minutes. The pressure
curve 408 thus corresponds to the pressure inside the
aircraft cabin, which does not correspond to the actual
altitude of the plane due to the pressurization. Thus, the
altitude curve 406 represents the effective altitudinal lo-
cation. In this case there is no time for acclimatization,
and the obtained reference values of the heart rate var-
iable characterize the human’s fast physiological re-
sponse to changes in pressure.
[0049] The situation of Figure 4A may also represent
a car drive or a cable car ride in the mountains.
[0050] When the environmental parameter varies on
a relatively fast time scale, that is, in the order of less
than 24 hours, the user’s body has not time enough to
adapt to the prevailing environmental conditions. Then,
the reference value of the heart rate variable does not
include the effect of acclimatization on the heart rate var-
iable.
[0051] Figure 4A also shows a sampling point 418, 420
of the environmental parameter curve 406, 408 and a
sampling point 422 of the heart rate variable curve 414.
The sampling point 418, 420 of the environmental pa-
rameter curve 406, 408 is obtained from the determina-
tion of a physical variable proportional to air density, such
as pressure and/or altitude, at the moment of determina-
tion tm. The sampling point 422 of the heart rate variable
414 is obtained from the determination of the reference
value of the heart rate variable at the moment of deter-
mination tm.
[0052] The sampling point 418, 420 of the environmen-
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tal parameter curve 406, 408 can be determined by
measuring a plurality of physical variable values propor-
tional to air density and by calculating the value of the
sampling point 418, 420 of the environmental parameter
curve 406, 408 corresponding to the moment of determi-
nation tm from the average of the physical variable values
proportional to air density. In that case the air pressure
is measured, for instance, within a time interval t1 to t2,
during which the pressure varies within the pressure
range p1 to p2. The pressure value pm corresponding to
the moment of determination tm will be pm=(p1+p2)/2. The
pressure value pm may be as such the environmental
parameter value or the altitudinal location hm can be gen-
erated therefrom. In the corresponding manner it is pos-
sible to determine the altitudinal location within the range
of h1 to h2 by direct measurement, for instance, by means
of a satellite navigation system, and to calculate the al-
titudinal location hm corresponding to the moment of de-
termination tm from the expression hm=(h1+h2)/2.
[0053] The sampling point 422 of the heart rate varia-
ble curve 414 can be determined by measuring the heart
rate variable within the time interval t1 to t2. The time
interval t1 to t2 is typically the time interval used in the
determination of the sampling point 418, 420 of the en-
vironmental parameter curve 406, 408. From the heart
rate variable values determined within the time interval
t1 to t2 it is possible to determine a reference value of the
heart rate variable, for instance, as an average value. In
one embodiment within the time interval t1 to t2 there is
measured a heart rate average that corresponds to the
resting heart rate.
[0054] The environmental parameter value and the ref-
erence value of the heart rate variable corresponding to
the same moment of determination tm constitute an as-
sociated pair, in which the reference value of the heart
rate variable is associated with the environmental param-
eter value.
[0055] When a plurality of sampling points 418, 420 of
the environmental parameter curve 406, 408 are meas-
ured as the value of the environmental parameter chang-
es the presentation of Figure 4B is obtained. In Figure
4B the horizontal axis 424 represents pressure p and the
vertical axis 426 represents the reference value HRref of
the heart rate variable. Sampling points 430 and 432,
which correspond to coordinates (pm1, HRref,m1) and
(Pm1, HRref,m1) in said order, are given as examples.
Through the coordinates it is possible to form a heart rate
variable curve 428.
[0056] Figure 5 is a block diagram of a heart rate mon-
itor 500. The heart rate monitor 500 comprises a char-
acterization unit (CU) 502 that determines a reference
value 514 of a heart rate variable from the user’s elec-
trocardiogram. The characterization unit 502 may in-
clude, for instance, device parts 116 to 122 of a trans-
mitter part 102 and a receiver part 104 shown in the figure.
[0057] The heart rate monitor 500 also comprises a
determination unit (DU) 504 that determines an environ-
mental parameter value 516.

[0058] The determination unit 504 comprises a meas-
urement module 130 shown in Figure 1 and optionally
parts of a processing unit 120.
[0059] In one aspect of the invention the measurement
module 130 includes a pressure sensor. In that case the
processing unit 120 receives pressure information gen-
erated by the pressure sensor and generates from the
pressure information an air pressure and an altitudinal
location.
[0060] In a second aspect of the invention the meas-
urement module 130 includes means, such as a satellite
navigator, for measuring the altitudinal location. In that
case the processing unit 120 receives from the meas-
urement module 130 location information and generates
from the location information an altitudinal location or an
air pressure.
[0061] It is possible to use the air pressure and/or the
altitudinal location as the environmental parameter val-
ue.
[0062] Conversions between the air pressure and the
altitudinal location can be carried out in the processing
unit 120 using the digital processor and the computer
program of the processing unit 120.
[0063] The characterization unit 502 feeds the refer-
ence value 514 of the heart rate variable to an association
unit (AU) 506. The determination unit 504 feeds the en-
vironmental parameter value 516 to the association unit
506.
[0064] The association unit 506 provides a logical link
between the environmental parameter value 516 and the
reference value 514 of the heart rate variable associated
with the environmental parameter value 516. The logical
link may be based, for instance, on indexing, by which
the reference value 514 of the heart rate variable asso-
ciated with the environmental parameter value 516 is in-
dexed.
[0065] The association unit 506 can be implemented,
for instance, in the processing unit 120 by means of a
digital processor and a computer program.
[0066] The association unit 506 records a data element
518 comprised by the environmental parameter value
516 and the reference value 514 of the heart rate variable
associated with the environmental parameter value 516
into a register (REG) 508. Thus the register 508 includes
the environmental parameter 516 value and the refer-
ence value 514 of the heart rate variable associated with
the environmental parameter value 516. The register 508
can be implemented, for instance, in the memory unit
122 of Figure 1. In addition the processing unit 120 may
perform some register 508 functions such as indications
to the memory of the register and restoration of data
stored in the indicated memory locations.
[0067] In one embodiment the determination unit 504
determines a plurality of environmental parameter values
516 of different magnitudes and the characterization unit
502 determines a plurality of reference values 514 of the
heart rate variable, for instance, by performing determi-
nations of the sampling points 418, 420, 422 of Figure
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4A for a plurality of successive determination moments
tm. Thus is obtained, for instance, the sampling points
430, 432 of the heart rate variable curve 428 shown in
Figure 4B, which sampling points characterize the refer-
ence point of the heart rate variable as a function of air
pressure.
[0068] The association unit 506 associates the refer-
ence values of the heart rate variable with the values of
the environmental parameter such that each reference
value 514 of the heart rate variable is associated with the
environmental parameter value 516 determined at the
moment of determination tm of the heart rate variable
reference value 514.
[0069] The register 508 may comprise a logical data
structure, such as a table, into which the environmental
parameter values 516 and the reference values 514 of
the heart rate variable associated therewith are recorded.
[0070] In one embodiment the heart rate monitor 500
comprises a controller 510 connected to the determina-
tion unit 504 and to the characterization unit 502. In one
embodiment the controller starts the determination of the
reference values 514 of the heart rate variable on the
basis of the environmental parameter values 516. The
controller 510 may include an algorithm that monitors,
for instance, the environmental parameter values 516 as
a function of time. In one embodiment the determination
of the reference values 514 of the heart rate variable is
started when a predetermined change rate is detected
in the environmental parameter value 516. The prede-
termined change rate is typically defined to be so high
that the user will not be able to attain by himself such a
big change in pressure and/or effective altitude by walk-
ing or cycling, for instance. The selection of the prede-
termined change rate permits one to detect, for instance,
that the user is aboard an aeroplane or in another envi-
ronment that enables a fast change in pressure and/or
effective altitude, whereby the effect of acclimatization
on the reference value of the heart rate variable is mini-
mized. The predetermined change rate of the environ-
mental parameter may be in the order of 100 m/min or
10 mbar/min, for instance, but the presented solution is
not restricted to those figures, however.
[0071] In one embodiment the controller 510 ends the
determination of the reference values of the heart rate
variable and the determination of the environmental pa-
rameter values 516 on the basis of the environmental
parameter values. The controller may monitor and end
the determination of the environmental parameter values
and the reference values of the heart rate variable when
the environmental parameter value reaches a threshold
value. The threshold value may be a predetermined rest-
ing heart rate level or it may be a value generated from
previous measurements of the environmental parameter
values 516. Thus, for instance, as the pressure in the
aircraft cabin is balanced, the controller detects the bal-
ancing of the pressure and ends the determination of the
resting heart rate automatically.
[0072] The above-described determination, associa-

tion and recording of the environmental parameter values
516 and the reference values 514 of the heart rate vari-
ables associated therewith enable calibration of the ref-
erence value of the heart rate variable with respect to the
environmental parameter value. The logical data struc-
ture included in the register 508 and the environmental
parameter values recorded therein and the reference val-
ues of the heart rate variable associated therewith can
be utilized in a variety of ways.
[0073] In one embodiment the determination unit 504
determines an instantaneous value 522 of an environ-
mental parameter while the user is experiencing a strain
for instance in the mountains. In that case the determi-
nation of the actual resting heart rate may be difficult due
to a pre-measurement strain, possibly of long duration,
and to the acclimatization.
[0074] The determination unit 504 records the instan-
taneous value 522 of the environmental parameter into
the register 508.
[0075] The register 508 restores the reference value
520 of the heart rate variable to be associated with the
instantaneous value 522 of the environmental parameter
by using the environmental parameter values and the
reference value of the heart rate variable associated with
each environmental parameter value recorded in the reg-
ister 508.
[0076] The register 508 does not necessarily include
in advance the exact instantaneous value 522 of the
environmental parameter and the reference value 520 of
the heart rate variable to be associated therewith. So,
the register 508 may determine the reference value 520
of the heart rate variable to be associated with the
instantaneous value 522 of the environmental
parameter, for instance, by using interpolation or
optionally extrapolation. This can be performed, for
instance, by forming a heart rate variable curve 428 as
shown in Figure 4B and by searching a point 434 therein
that corresponds to instantaneous pressure pi and the
reference value HRref,i of the heart rate variable
corresponding to the instantaneous pressure.
[0077] In one embodiment the instantaneous value
522 of the environmental parameter is applied to a display
unit (DISP) 512 that is configured to display the instan-
taneous value 522 of the environmental parameter and
the reference value 520 of the heart rate variable to be
associated with the instantaneous value 522 of the en-
vironmental parameter restored by the register. In that
case the user may monitor the prevailing ambient pres-
sure and the value of his resting heart rate corresponding
to the pressure.
[0078] In one embodiment the characterization unit
502 determines an instantaneous value 524 of the heart
rate variable characterizing the heart rate, such as the
heart rate during exercise. The instantaneous value 524
of the heart rate variable can be fed into the display unit
512 and displayed in relation to the reference value 520
of the heart rate variable associated with the instantane-
ous value 522 of the environmental parameter. In that
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case the user may compare the instantaneous heart rate
during exercise to the reference value of the heart rate
corresponding to the prevailing pressure and/or altitude
and adapt his physical strain in view of the prevailing
pressure conditions.
[0079] The display unit 512 may be, for instance, a
display unit 126 as shown in Figure 1.
[0080] With reference to Figure 6 the display unit may
comprise a heart rate display segment (HR DISP) 602,
a time display segment (D/T DISP) 604, an environmen-
tal parameter display segment (EP DISP) 606 and a con-
trol segment (C DISP) 608.
[0081] The heart rate display segment 602 typically
shows an instantaneous numerical value of a heart rate
variable, such as the instantaneous heart rate frequency
or the instantaneous heart rate variation.
[0082] The time display segment 604 displays numer-
ically a time variable such as the date, the time and/or a
time variable relating to timing.
[0083] The environmental parameter display segment
606 displays numerically an instantaneous value 522 of
an environmental parameter, such as pressure or alti-
tude.
[0084] The control segment 608 typically displays
menu elements and parameter values representing the
operation of the heart rate monitor.
[0085] The display unit 512 may also include a graphic
display (GD) 610 for graphical representation of the heart
rate information and the environmental parameter infor-
mation. The graphic display 610 may include a horizontal
axis 618 and a scale 620A, 620B, 620C, 620D.
[0086] In one embodiment the display unit 610 displays
the reference value 520 of the heart rate variable asso-
ciated with the instantaneous value of the environmental
parameter with a reference value indicator 614, the hor-
izontal position of which indicates the resting heart rate
corresponding to the prevailing air pressure. In addition
the display unit 610 may display an instantaneous value
524 of the heart rate variable with a heart rate variable
indicator 612, the horizontal position of which depends
on the instantaneous value 524 of the heart rate variable.
The user may thus monitor the instantaneous value of
the heart rate in relation to the resting heart rate corre-
sponding to the prevailing air pressure by comparing the
position of the heart rate variable indicator 612 to that of
the reference value indicator 614.
[0087] The graphic display 610 may also include a
maximum value indicator 616 that indicates a maximum
value of a heart rate variable, such as the maximum heart
rate or any other value of a variable characterizing the
upper limit of the heart rate variable. The user may com-
pare the position of the heart rate variable indicator 612
to that of the maximum value indicator 616 and adapt the
strain suitably.
[0088] The graphic display 610 may also include a sec-
ond reference value indicator 622. The second reference
value indicator 622 may indicate the reference value of
the heart rate variable stored in the register 510 in other

than prevailing circumstances. In one embodiment the
second reference value indicator 622 indicates the user’s
acclimatized resting heart rate. The acclimatized resting
heart rate is a resting heart rate that is attained when the
user has adapted to the ambient conditions. The accli-
matized resting heart rate may be, for instance, the rest-
ing heart rate in the atmospheric normal pressure.
[0089] Figures 7 and 8 show methods in accordance
with the presented solution.
[0090] In Figure 7 the method starts at 700.
[0091] At 702 a reference value 514 of a heart rate
variable characterizing the heart rate is determined from
the user’s electrocardiogram.
[0092] At 704 at least one value 516 of an environmen-
tal parameter obtainable from the air pressure is deter-
mined using air pressure measurement.
[0093] At 706 the reference value 514 of the heart rate
variable is associated with at least one environmental
parameter value 516.
[0094] At 708 at least one value 516 of the environ-
mental parameter and the reference value 514 of the
heart rate variable associated with the at least one envi-
ronmental parameter value are recorded in the register.
[0095] At 710 an instantaneous value 522 of the envi-
ronmental parameter is determined.
[0096] At 712 an instantaneous value 522 of the envi-
ronmental parameter is recorded in the register 510.
[0097] At 714 an instantaneous value 524 of a heart
rate variable characterizing an instantaneous heart rate
is determined from the user’s electrocardiogram.
[0098] At 716 the reference value 522 of the heart rate
variable to be associated with the instantaneous value
522 of the environmental parameter is restored from the
register 510 using the environmental parameter values
recorded in the register 510 and the reference value 514
of the heart rate variable associated with each environ-
mental parameter value.
[0099] At 718 the instantaneous value 522 of the en-
vironmental parameter and the reference value of the
heart rate variable to be associated with the instantane-
ous environmental parameter value 522 are displayed.
[0100] At 720 there are displayed the reference value
520 of the heart rate variable to be associated with the
instantaneous environmental parameter value 522 and
the reference value 524 of the heart rate variable in re-
lation to the reference value 520 of the heart rate variable
to be associated with the instantaneous environmental
parameter value 522.
[0101] The method ends at 722.
[0102] In Figure 8 the method starts at 800.
[0103] At 802 the determination of reference values
514 of a heart rate variable is started on the basis of
environmental parameter values 516.
[0104] At 804 a plurality of reference values of the heart
rate variable characterizing the heart rate are determined
from the user’s electrocardiogram.
[0105] At 806 a plurality of environmental parameter
values 516 of different magnitudes are determined.
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[0106] At 808 the reference values 514 of the heart
rate variable are associated with the environmental pa-
rameter values 516 such that each reference value 514
of the heart rate variable is associated with the environ-
mental parameter value 516 determined at the determi-
nation moment of the reference value 514 of the heart
rate variable.
[0107] At 810 each environmental parameter value
516 and a reference value 514 of the heart rate variable
associated with the environmental parameter value 516
are recorded in the register 510.
[0108] At 812 the determination of the reference values
514 of the heart rate variable and the determination of
the environmental parameter values 516 on the basis of
the environmental parameter values are finished.
[0109] At 814 the method ends.
[0110] One aspect of the invention is a computer soft-
ware product that includes coded instructions for execut-
ing a computer process in the computer of the heart rate
monitor. The embodiments of the computer process ap-
pear in Figures 7 and 8.
[0111] The computer software product can be stored
on a distribution medium, such as a magnetic and/or op-
tical storing medium, a hard disk or another means suit-
able for data storage and/or transfer. In addition the com-
puter software product can be transferred using a com-
puter-readable signal, such as a telecommunications sig-
nal.
[0112] Even though the invention is described above
with reference to the accompanying drawings, it is obvi-
ous that the invention is not restricted thereto but it may
be modified in a variety of ways within the scope of the
attached claims.

Claims

1. A user-specific heart rate monitor comprising:

characterizing means (502) for determining from
the user’s electrocardiogram a reference value
of a heart rate variable characterizing the heart
rate, characterized in that the heart rate mon-
itor further comprises:

determining means (504) for determining at
least one environmental parameter value
obtainable from air pressure using air pres-
sure measurement;
associating means (506), connected to the
characterizing means (502) and to the de-
termining means (504), for associating the
reference value of the heart rate variable
with at least one environmental parameter
value; and
a register (508), connected to the associat-
ing means (506), for recording in the register
at least one environmental parameter value

and the reference value of the heart rate
variable associated with the at least one en-
vironmental parameter value.

2. A user-specific heart rate monitor comprising:

characterizing means (502) for determining from
the user’s electrocardiogram a reference value
of a heart rate variable characterizing the heart
rate, characterized in that the heart rate mon-
itor further comprises:

determining means (504) for determining an
environmental parameter value obtainable
from the altitudinal location of the heart rate
monitor using altitudinal location measure-
ment;
associating means (506), connected to the
characterizing means (502) and to the de-
termining means (504), for associating the
reference value of the heart rate variable
with at least one environmental parameter
value; and
a register (508), connected to the associat-
ing means (506), for recording in the register
at least one environmental parameter value
and the reference value of the heart rate
variable associated with the at least one en-
vironmental parameter value.

3. A user-specific heart rate monitor comprising:

characterizing means (502) for determining from
the user’s electrocardiogram a reference value
of a heart rate variable characterizing the heart
rate, characterized in that the heart rate mon-
itor further comprises:

determining means (504) for determining an
environmental parameter value proportion-
al to air density using measurement of a
physical variable proportional to air density;
associating means (506), connected to the
characterizing means (502) and to the de-
termining means (504), for associating the
reference value of the heart rate variable
with at least one environmental parameter
value; and
a register (508), connected to the associat-
ing means (506), for recording in the register
at least one environmental parameter value
and the reference value of the heart rate
variable associated with the at least one en-
vironmental parameter value.

4. The heart rate monitor of claim 1, 2 or 3, character-
ized in that
the characterizing means (502) are arranged to de-
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termine from the user’s electrocardiogram a plurality
of reference values of the heart rate variable char-
acterizing the heart rate;
the determining means (504) are configured to de-
termine a plurality of environmental parameter val-
ues of different magnitudes;
the associating means (506) are arranged to asso-
ciate the reference values of the heart rate variable
with the environmental parameter values such that
each reference value of the heart rate variable is
associated with the environmental parameter value
determined at the determination moment of the ref-
erence value of the heart rate variable;
the register (508) is arranged to record each envi-
ronmental parameter value and the reference value
of the heart rate variable associated with each envi-
ronmental parameter value.

5. The heart rate monitor of claim 4, characterized in
that the heart rate monitor further comprises starting
means (510) that are connected to the characterizing
means (502) and to the determining means (504),
the starting means (510) being configured to start
the determination of the reference values of the heart
rate variable on the basis of the environmental pa-
rameter values.

6. The heart rate monitor of claim 4, characterized in
that the heart rate monitor further comprises ending
means (510) that are connected to the characterizing
means (502) and to the determining means (504),
the ending means (510) being configured to end the
determination of the reference values of the heart
rate variable and the determination of the environ-
mental parameter values on the basis of the envi-
ronmental parameter values.

7. The heart rate monitor of claim 1, 2 or 3, character-
ized in that
 the determining means (504) are configured to de-
termine an instantaneous environmental parameter
value;
the determining means (504) are configured to
record the instantaneous environmental parameter
value into the register (508);
the register (508) is configured to restore the refer-
ence value of the heart rate variable associated with
the instantaneous environmental parameter value
by using the environmental parameter values and
the reference value of the heart rate variable asso-
ciated with each environmental parameter value re-
corded in the register (508); and
the heart rate monitor further comprises first display
means (512) that are configured to display the in-
stantaneous environmental parameter value and the
reference value of the heart rate variable to be as-
sociated with the instantaneous environmental pa-
rameter value.

8. The heart rate monitor of claim 1, 2 or 3, character-
ized in that
the characterizing means (502) are arranged to de-
termine from the user’s electrocardiogram an instan-
taneous value of the heart rate variable characteriz-
ing an instantaneous heart rate;
the determining means (504) are configured to de-
termine an instantaneous environmental parameter
value;
the determining means (504) are configured to
record the instantaneous environmental parameter
value into a register (508);
the register (508) is configured to restore the refer-
ence value of the heart rate variable to be associated
with the instantaneous environmental parameter val-
ue by using the environmental parameter values and
the reference value of the heart rate variable asso-
ciated with each environmental parameter value re-
corded in the register (508); and
the heart rate monitor comprises second display
means (514) that are configured to display the ref-
erence value of the heart rate variable to be associ-
ated with the instantaneous environmental parame-
ter value and the instantaneous value of the heart
rate variable in relation to the reference value of the
heart rate variable associated with the instantaneous
environmental parameter value.

9. The heart rate monitor of claim 1, 2 or 3, character-
ized in that the reference value of the heart rate
variable is at least one of the following: the user’s
resting heart rate, the reference value of the user’s
heart rate variation.

10. The heart rate monitor of claim 1, 2 or 3, character-
ized in that the environmental parameter is at least
one of the following: the measured air pressure, the
altitudinal location of the heart rate monitor.

11. A method for providing heart rate information com-
prising:

determining (702) from the user’s electrocardi-
ogram a reference value of a heart rate variable
characterizing the heart rate, character - i z e
d by
determining (704) at least one value of an envi-
ronmental parameter obtainable from the air
pressure using the air pressure measurement;
associating (706) the reference value of the
heart rate variable with at least one environmen-
tal parameter value; and
recording (708) in the register at least one envi-
ronmental parameter value and a reference val-
ue of the heart rate variable associated with the
at least one environmental parameter value.

12. The method of claim 11, characterized by
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determining (804) from the user’s electrocardiogram
a plurality of reference values of the heart rate vari-
able characterizing the heart rate;
determining (806) a plurality of environmental pa-
rameter values of different magnitudes;
associating (808) the reference values of the heart
rate variable with the environmental parameter val-
ues such that each reference value of the heart rate
variable is associated with the environmental param-
eter value determined at the determination moment
of the reference value of the heart rate variable; and
recording (810) in the register each environmental
parameter value and the reference value of the heart
rate variable associated with each environmental pa-
rameter.

13. The method of claim 12, characterized by starting
(802) the determination of the reference values of
the heart rate variable on the basis of the environ-
mental parameter values.

14. The method of claim 12, characterized by ending
(812) the determination of the reference values of
the heart rate variable and the determination of the
environmental parameter values on the basis of the
environmental parameter values.

15. The method of claim 11, characterized by
determining (710) an instantaneous value of an en-
vironmental parameter;
recording (712) the instantaneous value of the envi-
ronmental parameter into a register;
restoring (716) from the register the reference value
of the heart rate variable to be associated with the
instantaneous environmental parameter value using
the environmental parameter values and the refer-
ence value of the heart rate variable associated with
each environmental parameter value recorded in the
register; and
displaying (718) the instantaneous environmental
parameter value and the reference value of the heart
rate variable to be associated with each environmen-
tal parameter value.

16. The method of claim 11, characterized by
determining (710) an instantaneous value of an en-
vironmental parameter;
recording (712) the instantaneous value of the envi-
ronmental parameter into a register;
determining (714) from the user’s electrocardiogram
an instantaneous value of the heart rate variable
characterizing the heart rate;
restoring (716) from the register the reference value
of the heart rate variable to be associated with the
instantaneous environmental parameter value using
the environmental parameter values and the refer-
ence value of the heart rate variable associated with
each environmental parameter value recorded in the

register; and
displaying (720) the reference value of the heart rate
variable to be associated with the instantaneous en-
vironmental parameter value and the instantaneous
value of the heart rate variable in relation to the ref-
erence value of the heart rate variable to be associ-
ated with the instantaneous environmental parame-
ter value.

17. A computer software product that includes coded in-
structions for executing a computer process in a
computer of a heart rate monitor, the computer proc-
ess comprising:

determining (702) from the user’s electrocardi-
ogram a reference value of a heart rate variable
characterizing the heart rate, character - ized
by
determining (704) at least one value of an envi-
ronmental parameter obtainable from the air
pressure using the air pressure measurement;
associating (706) the reference value of the
heart rate variable with the at least one environ-
mental parameter value; and
recording (708) in a register at least one envi-
ronmental parameter value and the reference
value of the heart rate variable associated with
the at least one environmental parameter value.
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