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7) ABSTRACT

A heart-rate monitoring system for a monitoring subject for
increasing performance improvement efficiency by the
monitoring subject includes a heart-rate monitoring device
having a sensor. The sensor is not in direct physical contact
with the monitoring subject. The sensor provides sensing
data; the heart-rate monitoring device calculates, from the
sensing data, monitoring data relative to heart rate variabil-
ity of the monitoring subject. The system includes an
application server processing the monitoring data to calcu-
late processed data and a user device for displaying the
processed data in a format that increases the performance
improvement efficiency by the monitoring subject.
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HEART RATE MONITORING DEVICE,
SYSTEM, AND METHOD FOR INCREASING
PERFORMANCE IMPROVEMENT
EFFICIENCY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a non-provisional application
counterpart to and claims priority from U.S. Ser. No. 62/222,
692 filed on Sep. 23, 2015, which is pending and which is
hereby incorporated by reference in its entirety for all
purposes.

[0002] This application is a non-provisional application
counterpart to and claims priority from U.S. Ser. No. 62/274,
951 filed on Jan. 5, 2016, which is pending and which is
hereby incorporated by reference in its entirety for all
purposes.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0003] The invention is directed to heart-rate monitoring
of a monitoring subject to and providing user-accessible
feedback for increasing performance improvement effi-
ciency by the monitoring subject.

2. Discussion of the Related Art

[0004] Everyone must sleep, but the reasons why are not
fully know. What is well understood is that sleep is one of
the most essential physical states for an individual (i.e., user
or also monitoring subject) to recover from exertion and
stress.

[0005] To fully recover physically, mentally, or both,
individuals interested in their performance, whether an ath-
lete, business leader, artist, military personnel, pilots, et al.
should have sufficient amount of sleep, with sufficiently high
quality, so that sleep can constitute solid base for efficient
recovery, i.e., performance improvement efficiency, that is
increase the speed, degree, and way by which the individual
improves their performance. Thus, measuring and under-
standing progress, magnitude and efliciency of recovery
during a night’s sleep, when most of recovery occurs, is
fundamental.

[0006] In the scientific literature, heart rate variability
(“HRV”) has been considered as a method to offer views into
the physiology of a human (or animal) body, and to monitor
recovery status by measuring and analyzing carefully indi-
vidual heart beats.

[0007] Even though it is widely believed by those not
trained in physiology that a human heart beats regularly, like
a metronome, this is not the scientific case. Instead, even if
heart rate is steady, for example, at 60 beats per minute, time
intervals from beat-to-beat will vary considerably. Peaks in
ballistocardiogram or electrocardiogram may occur, for
example, at beat-to-beat intervals (“BBI”) of 890 ms, 1020
ms, 980 ms, 1005 ms, etc., i.e., HRV, having an average of
1000 ms in some time window, corresponding to 60 beats
per minute.

[0008] Somewhat surprisingly, the greater the irregularity
of the BBI of a heart i.e., the heart rate variability (HRV) is
higher, the more fit and healthy the individual is. In contrast,
areduction in heart rate variability may indicate many health
or lifestyle related problems. Furthermore, certain HRV-
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based parameters tell us about the state of the autonomic
nervous system, giving us valuable view into what is hap-
pening inside our body.

[0009] In long term monitoring of HRV, a user can deter-
mine whether his/her cardiovascular fitness is increasing, as
baseline HRV increases along with it. In short term, HRV
gives valuable information about stress and recovery. Both
stress and recovery tend to decrease HRV from the baseline,
which is when a user should avoid heavy exercise sessions
until HRV has returned to baseline values.

[0010] There are several different methods, or indices, to
quantify HRV numerically, but are usually methods are
categorized in to three different classes:

[0011] 1. Time-domain methods, which are based on
direct statistics of beat-to-beat intervals. These are for
example:

[0012] SDNN, the standard deviation of beat-to-beat
intervals;

[0013] RMSSD (“root mean square of successive
differences”), the square root of the mean of the
squares of the successive differences between adja-
cent beat-to-beat intervals;

[0014] SDSD (“standard deviation of successive dif-
ferences™), the standard deviation of the successive
differences between adjacent beat-to-beat intervals;

[0015] NN30, the number of pairs of successive
beat-to-beat intervals that differ by more than 50 ms;

[0016] pNNS50, the proportion of NN50 divided by
total number of beat-to-beat intervals;

[0017] NN20, the number of pairs of successive
beat-to-beat intervals that differ by more than 20 ms;
and

[0018] pNN20, the proportion of NN20 divided by
total number of beat-to-beat intervals.

[0019] 2. Frequency-domain methods, where beat-to-
beat intervals are assigned in to certain frequency bands
using for example Fourier transform. Typically the
bands are defined as high frequency (HF) from 0.15 to
0.4 Hz, low frequency (LF) from 0.04 to 0.15 Hz, and
the very low frequency (VLF) from 0.0033 to 0.04 Hz.
One usual method is to compute and compare power of
each band.

[0020] 3. Geometric Methods

[0021] Beat-to-beat intervals can be translated in to
graphical presentation, to facilitate better understand-
ing of HRV behavior. From graphical presentation it is
possible to derive numerical measures. One of the most
well-known geometric method is so called Poincare
plot.

[0022] RMSSD is one of the most widely used time
domain heart rate variability values. In the scientific litera-
ture RMSSD is widely accepted as a measure of parasym-
pathetic nervous system (PNS) activity. According to Wiki-
pedia, PNS is responsible for stimulation of “rest-and-
digest” or “feed and breed” activities that occur when the
body is at rest, and complementary to that of the sympathetic
nervous system (SNS), which is responsible for stimulating
activities associated with the fight-or-flight response.

[0023] For efficient recovery from training and stress, it is
essential that parasympathetic nervous system is active, and
our body gets sufficient rest and replenishment. With HRV
RMSSD value one can monitor what his/her general base-
line value is and see how heavy exercise, stress, etc. factors
influence it, and see when the value gets back to baseline,
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indicating for example capability to take another bout of
heavy exercise. RMSSD can be measured in different length
time windows and in different positions, e.g. supine, sitting
or standing. It is preferable to measure RMSSD in situation
where both heart and respiration rates are even and slow, and
there is no excessive movement.

[0024] Currently there are some applications that use heart
rate variability (HRV) and its different measures, most often
RMSSD as indicator of the status of the body. Individual
heart beat intervals can be acquired most reliably using
electrocardiogram (ECG), but due to its complexity and
expensive equipment, this approach is limited to hospitals,
laboratories, research facilities, etc. For professional con-
sumer level Firstbeat offers BodyGuard system, which uses
two BECG electrodes, and can be worn up to 72 hours.
BodyGuard data is meant to be analyzed as a service
provided by Firstbeat, although the heart beat intervals can
be exported for third party analysis. Further, Actiheart by
CamNtech as a device is very similar to Firstbeat, utilizing
two ECG electrodes, but it is apparently aimed more in to
clinical practice and research.

[0025] At a consumer level, probably the most common
way to acquire heart beat intervals is by the use of wrist heart
rate monitor and chest strap sensor combination. There are
several manufacturers offering devices in this genre, i.e.
Polar, Suunto, Garmin, etc. Downside of this approach is
that the data must be exported and processed to HRV indices
and graphs using some third party software, such as Kubios
HRYV, making the whole process cumbersome and laborious.
[0026] To ease the measurement process, there are some
mobile app solutions, most notably BioForce HRV and
Ithlete. They both use chest strap to acquire heart beat
intervals in the morning after waking up, using 3 minute and
1 minute measurement window, respectively, and as a result
they produce single number (log transformed RMSSD mul-
tiplied by 20) varying from 0 to 100, and indicating how fit
the person is for the day.

[0027] As can be seen, currently there is no easy nor
automated way of measuring HRV data, but it requires some
degree of enthusiasm to wear either electrodes or chest strap,
and analyze the data. Further, for whole night measurement,
several people have reported that long term use of electrodes
may irritate the skin, and wearing chestband feels annoying
and may disturb sleep quality essentially.

[0028] Measurement of morning RMSSD is somewhat
easier, although there is always burden to accomplish that
task each and every morning. There is also problem in
underlying assumption of measuring morning RMSSD in
that it gives indication of recovery status, or indication on
how fit you are for the new day. Problem with this assump-
tion is that RMSSD is heavily fluctuating both in long and
short term and for this reason value of “snapshot” HRV
indices might be compromised.

[0029] Thus, what is desired is a device, system and
method of HRV monitoring that overcomes the drawbacks in
the known art, and that provides easily interpretable data to
a user to increase their performance improvement efficiency.

SUMMARY OF THE INVENTION

[0030] These and other objectives are met by the inventive
device, system and method of HRV monitoring that over-
comes the drawbacks in the known art, and that provides
easily interpretable data to a user to increase their perfor-
mance improvement efficiency.
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[0031] A heart-rate monitoring system for a monitoring
subject for increasing a performance improvement effi-
ciency by the monitoring subject includes a heart-rate moni-
toring device having a sensor. The sensor is not in direct
physical contact with the monitoring subject. The sensor
provides sensing data; the heart-rate monitoring device
calculates, from the sensing data, monitoring data relative to
heart rate variability of the monitoring subject. The system
includes an application server processing the monitoring
data to calculate processed data and a user device for
displaying the processed data in a format that increases the
performance improvement efficiency by the monitoring sub-
ject.

[0032] The heart-rate monitoring system includes a com-
munication network that is partially wireless, wherein the
application server, the heart-rate monitoring device, and the
user device are in communication with each other.

[0033] A heart-rate monitoring method of increasing a
performance improvement efliciency of a monitoring sub-
ject includes the steps of:

[0034] (2) monitoring a heart-rate variability of the
monitoring subject using a heart-rate monitoring device
to obtain sensing data;

[0035] (b) calculating, by a first processor, monitoring
data from the sensing data;

[0036] (c) calculating, by a second processor, processed
data from the monitoring data;

[0037] (d) presenting, to the monitoring subject, on a
user device the processed data in a format that increases
the performance improvement efficiency by the moni-
toring subject.

[0038] The monitoring data includes time measurements
between heart beats of the monitoring subject, i.e., BBI.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1 is an illustrative view of a heart-rate moni-
toring device showing an under mattress installation in
accordance with one or more embodiments of the present
invention.

[0040] FIG. 2 is a schematic view of a heart-rate moni-
toring system in accordance with one or more embodiments
of the present invention.

[0041] FIG. 3 is a flowchart of a heart-rate monitoring
method 1n accordance with one or more embodiments of the
present invention.

[0042] FIG. 4 is a graph illustrating an example of the
heart-rate monitoring processed data showing a user-acces-
sible graph in accordance with one or more embodiments of
the present invention.

[0043] FIG. 5 is a graph illustrating an example of the
heart-rate monitoring processed data showing a user-acces-
sible graph with histograms in accordance with one or more
embodiments of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0044] The following detailed description is of the best
mode or modes of the invention presently contemplated.
Such description is not intended to be understood in a
limiting sense, but to be an example of the invention
presented solely for illustration thereof, and by reference to
which in connection with the following description and the
accompanying drawings one skilled in the art may be
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advised of the advantages and construction of the invention.
In the various views of the drawings, like reference char-
acters designate like or similar parts.

[0045] All technical and scientific terms shall have the
same meaning as commonly understood by one of ordinary
skill in the art. Nonetheless, the following terms are defined
below to aid in the understanding of the disclosure and the
definitions apply to all parts of speech of the term regardless
whether the term is defined explicitly as such.

[0046] “About,” “approximately.” or “substantially simi-
lar” refer to a 10% variation from the nominal value. Even
if not explicitly stated, it is to be understood that a variation
is always included in a given value, whether or not the
variation is specifically referenced.

[0047] Forms of the verb “to capture” mean to (a) acquire
image data of an object through one or more sensors and (b)
save the data to a file having any suitable format to any
suitable memory storage.

[0048] “Computing device,” or interchangeably ‘“hard-
ware,” is intended in this disclosure for all purposes to be
interpreted broadly and is defined for all uses, all devices,
and/or all systems and/or systems in this disclosure as a
device comprising at least a central processing unit, a
communications device for interfacing with a data network,
transitory computer-readable memory, and/or a non-transi-
tory computer-readable memory and/or media. The central
processing unit carries out the instructions of one or more
computer programs stored in the non-transitory computer-
readable memory and/or media by performing arithmetical,
logical, and input/output operations to accomplish in whole
or in part one or more steps of any method described herein.
[0049] A computing device is usable by one or more users,
other computing devices directly and/or indirectly, actively
and/or passively for one or more suitable functions herein.
The computing device may be embodied as computer, a
laptop, a tablet computer, a smartphone, and/or any other
suitable device and may also be a networked computing
device, a server, or the like. Where beneficial, a computing
device preferably includes one or more human input devices
such as a computer mouse and/or keyboard and one or more
human interaction device such as one or more monitors. A
computing device may refer to any input, output, and/or
calculating device associated which provides for, supple-
ments, realizes, accomplishes, enhances, and/or augments
one or more functions, goals, and/or features associated with
the present invention to one or more users.

[0050] Although one computing device may be shown
and/or described, multiple computing devices may be used.
Conversely, where multiple computing devices are shown
and/or described, a single computing device may be used.

[0051] “Computer program,” or interchangeably “soft-
ware,” means any set of instructions stored in a non-
transitory computer-readable memory or non-transitory
computer-readable media for executing one or more suitable
functions and/or for executing one or more methods in this
disclosure. Even if not explicitly mentioned, in this disclo-
sure, a computing device includes software having any set of
instructions stored in non-transitory computer-readable
memory or non-transitory computer-readable media for
executing one or more suitable functions and/or for execut-
ing one or more methods in this disclosure.

[0052] “Network” or “communication network” may
mean one or more communications networks, such as the
internet, Bluetooth, RS232, LAN, WAN, suitable for carry-
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ing out one or more portions and/or all features of the
present invention and regardless of whether the network is
wired or wireless of any form.

[0053] “Network interface” may mean any suitable device
that provides access to a network by a member of the
network. For example, a network interface to a Wi-Fi system
may be a network router or modem. For example, in a
Bluetooth network the communications device itself may be
the network interface.

[0054] “Non-transitory computer-readable memory,” or
interchangeably “non-transitory computer-readable media,”
may be a hard drive, solid state drive, compact disk drive,
DVD drive, and/or the like for storing the one or more
computer programs.

[0055] “User” means one or more individuals, persons,
and/or groups who may have a need, desire, or intent to one
or more system and/or methods in this disclosure in whole
or in part. A user of one or more features of this disclosure
need not necessarily be the same user or a related user of one
or more other features of this disclosure. Moreover, a user of
one feature may not be aware of another user of the same or
a different feature. Where one user is shown and/or
described, multiple users may be present. Where multiple
users are shown and/or described, a single user may be
present. Although it is preferred for a variety of reasons that
one user or one group of users execute the one or more steps
described herein, this disclosure should not be considered
limited without such a switch in the identity of the users
being explicitly described. Thus, where one user or users is
described as performing a step or a portion of a step, another
user or users may perform a subsequent or previous step or
a subsequent or previous portion of the step performed by
the other user or users. It should be understood that were
advantageous or desired one or more users may be autho-
rized or pre-authorized to access one or more data or results
derived from data and in order to prevent access by one or
more other users. Such an authorization or pre-authorization
may also be made sensitive to the data itself, wherein, for
example, only some data is shared once a threshold has been
reached. It should be understood that social media accounts
by a user of one or more system and/or methods in this
disclosure may be considered to be a user separate from the
user who owns, uses, or operates the social media account.
[0056] Where appropriate, other terms and concepts are
defined elsewhere in the disclosure. The omission of such
definitions from this section shall not be construed that the
terms and concepts have not been properly defined for any
intended purpose.

[0057] FIG. 1 is an illustrative view of a heart-rate moni-
toring device showing an under mattress installation in
accordance with one or more embodiments of the present
invention.

[0058] FIG. 2 is a schematic view of a heart-rate moni-
toring system in accordance with one or more embodiments
of the present invention.

[0059] FIG. 3 is a flowchart of a heart-rate monitoring
method 1n accordance with one or more embodiments of the
present invention.

[0060] FIG. 4 is a graph illustrating an example of the
heart-rate monitoring processed data showing a user-acces-
sible graph in accordance with one or more embodiments of
the present invention.

[0061] FIG. 5 is a graph illustrating an example of the
heart-rate monitoring processed data showing a user-acces-
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sible graph with histograms in accordance with one or more
embodiments of the present invention.

[0062] In accordance with one or more embodiments of
the present invention, a contactless heart-rate monitoring
device 100 detects signals associated with the beating heart
of a monitoring subject over a period of time to determine
one or more sensing data 402 and/or monitoring data 404
related to the heart rate variability (HRV) of the monitoring
subject.

[0063] In accordance with one or more embodiments of
the present invention, device 100 may be part of a contact-
less heart-rate monitoring system 200 that provides one or
more data 402 and/or data 404 and/or one or more processed
data 406 to one or more users.

[0064] In accordance with one or more embodiments of
the present invention, a method of contactless heart-rate
monitoring uses device 100 and/or system 200 to deliver to
an authorized user one or more data related to HRV moni-
toring of a montiroing subject.

[0065] Advantageously, heart-rate monitoring device 100
and/or heart-rate monitoring system 200 overcome the draw-
backs known in devices, i.e., skin irritation, inconvenience
of use, cumbersome data-analytics, only limited data views
such as “snapshot” or “few days” view, of the state-of-the-
art approaches to measuring heart rate variability in order to
increase a performance improvement efficiency, that is
increase the speed, degree, and way by which the monitoring
subject improves his/her performance.

[0066] Therein, heart-rate monitoring device 100, heart-
rate monitoring system 200 that preferably incorporates a
device 100, and/or heart-rate monitoring method 300 that
preferably uses device 100 and/or system 200 are contactless
with respect to the monitoring subject, fully automatic, and
user-accessible and understandable data provided in a read-
ily processed format for the whole night, which is the most
important period for the recovery of both body and mind.
That is, the heart-rate monitoring device 100, heart-rate
monitoring system 200 that preferably incorporates a device
100, and/or heart-rate monitoring method 300 that prefer-
ably uses device 100 and/or system 200 advantageously
eliminates the need for a monitoring subject to wear irritat-
ing ECG electrodes, chest band, wrist device, or any other
wearable. In other words, physical contact between the
heart-rate monitoring device 100 and the monitoring subject
are eliminated. This makes it possible to monitor the HRV
of vulnerable persons such as the elderly, children, medical
patients, and/or mental patients who may not have the
mental or physical ability to wear a monitoring device that
requires physical contact. Moreover, heart-rate monitoring
device 100, heart-rate monitoring system 200 that preferably
incorporates a device 100, and/or heart-rate monitoring
method 300 that preferably uses device 100 and/or system
200 makes it possible to monitor the HRV of prisoners or
other persons who may not consent or be trusted to wear a
monitoring device that requires physical contact.

[0067] Additionally, heart-rate monitoring device 100,
heart-rate monitoring system 200 that preferably incorpo-
rates a device 100, and/or heart-rate monitoring method 300
that preferably uses device 100 and/or system 200 avoid
cumbersome data export and/or third party analysis. Advan-
tageously, after an initial set-up, it is not necessary for a user
of device 100 or system 200 to turn on or off device 100 or
system 200, respectively. It is sufficient that the user goes
normally in to bed, which triggers automatic data acquisition
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and analysis. This allows continuous tracking all year round,
and for athletes both intraseason and interseason analysis.
Device 100 and/or system 200 makes HRV data available to
a user in intuitive format using any suitable computing
device as computer, laptop, tablet, mobile phone, etc.
[0068] Heart-rate monitoring device 100 may be any suit-
able computing device capable of carrying out at least the
functions of method 300 and preferably be incorporated in
system 200. Therein, preferably, but not necessarily device
100, is an Emfit QS device available from Emfit Oy of
Finland or Emfit Corp. of Austin, Tex.

[0069] Heart-rate monitoring device 100 acquires BBI
data of a monitoring subject for a specified period of time.
Once an initial set-up (discussed below) has been performed,
preferably, at a location has been selected where the moni-
toring subject is most likely to spend his night, heart-rate
monitoring device 100 will automatically monitor heart beat
intervals, i.e., BBI, of the monitoring subject for the whole
night in a non-contact manner.

[0070] In accordance with one or more embodiments of
the present invention, heart-rate monitoring system 200
comprises, preferably heart-rate monitoring device 100 (as
described in one or more embodiments of the present
invention), one or more communications networks 202
having one or more network interfaces 204, an application
server 206, and a user device 208.

[0071] In accordance with one or more embodiments of
the present invention, heart-rate monitoring device 100
comprises an electronics module 102, one or more commu-
nications devices 104, and a sensor 106. Heart-rate moni-
toring device is operably connected to a power source 108.
[0072] Electronics module 102 may be any suitable com-
puting device that receives sensing data 402 from sensor
106. The electronics module is preferably disposed in a
housing 101 may comprise a plurality of processing units,
for example, unit 103a. Module 102 comprises a post-
sensing data processor 103a that processes the sensing data
402 into monitoring data 404 and may store it for a prede-
termined time or permanently on a non-transitory computer-
readable memory or media 1035.

[0073] Electronics module 102 further comprises a com-
municator 103¢ that uses communications device 104 to
communicate with one or more other components of system
200 in accordance with method 300. Communications
device 104 may be, but not necessarily, integrated in elec-
tronics module 102 and be a wireless Wi-Fi, Bluetooth, or
other communications transceiver.

[0074] Sensor 106 preferably comprises a thin and slim
form such as a sensor strip and is suitably sensitive enough
so that it can be operably installed under, for example, a bed
mattress 107 in a non-contact fashion with the monitoring
subject. Sensor 106 is preferably in operable connection
with electronics module 102 by a connection 110, which
may be a hardwired connection as illustrated or a wireless
connection.

[0075] Thus, an initial set-up of heart-rate monitoring
device 100 requires that a location suitable for a pre-
determined time of monitoring is chosen and relevant to that
a suitable sensor location is determined. That monitoring
location typically is a bed and the sensor location typically
is under the mattress, i.e., the mattress overlays the bed-
spring or the bed splats, and is proximal to the heart of the
monitoring subject when in the monitoring location. Device
100 during initial set-up is also preferably placed in com-
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munication via communicator 103¢ and communication
device 104 with communications network 202 of system
200. That typically means that device 100 is made operably
connected to a Wi-Fi router on communications network 202
for two-way communication with network 202.

[0076] Sensor 106 is preferably made of dynamic vibra-
tion sensitive ferroelectret film and, in a step 301, senses,
1.e., measures, sensing data 402, for example, in the form of
a ballistocardiogram (BCG), of the heart of the monitoring
subject. In a step 303, sensor 106 feeds via connection 107
the sensing data to post-sensing processor 103a. In a step
305, processor 103a extracts, calculates, the heart beat
intervals (BBI) as monitoring data 404 from the sensing data
402, which, for example, was in the form of BCG signal.
[0077] In accordance with one or more embodiments of
the present invention, sensor 106 can also provide sensing
data 402 to electronic module 102 as pressure and/or vibra-
tion sensitive data, such as PVDF (as, for example, used by
Beddit), PZT (as. for example, used by EarlyeSense), or
force sensing resistor (FSR) data. Thus, in accordance with
one or more embodiments of the present invention, sensor
106 may comprise an optical cable, an air pressure sensor in
an air-mattress (as, for example, used by BamLabs), or radar
emission/reflection (as, for example, used by ResMed+). In
accordance with one or more embodiments of the present
invention, sensor 106 may also comprise optical led tech-
nology such as that known for use in pulse oximeters to
obtain sensing data 402. Similarly, sensor 106 may also
comprise ECG principles that in whole or in part obtain
sensing data 402.

[0078] In a step 307, communicator 104 uses network
interface 204 and/or network 202 to send monitoring data
404 to application server 206. Application server 206 may be
any computing device suitable for performing its functions
in method 300. Preferably, application server 204 comprises
a communications device 205a, non-transitory computer-
readable memory and/or media 2055, a data processing and
visualization module (“DVM”) 205¢, and an application
programming interface (API) that is user-accessible from
user device 208. Communications device 205a receives
monitoring data 404.

[0079] DVM 205c¢ is the core of the analysis of heart beat
intervals and enables the user to monitor his’her physical
and mental (work, training, etc) load in the evening, recov-
ery during the night, and final recovery status in the morn-
ing. Therein, DVM 205¢ computes meaningful measures for
recovery status in the beginning, during, and at the end of the
night, using varying length of time to define “beginning”,
“during”, and “end” of the night, as well as different
methods to model the data.

[0080] Therein, in a step 309, DVM 205¢ calculates one or
more processed data 406 from monitoring data 404. Pro-
cessed data 406 preferably comprises HRV index values for
the whole night in short windows, which may include, but
not be limited to, for example to RMSSD, and HRV index
short values having a time length from 1 to 5 minutes.
[0081] In accordance with one embodiment of the present
invention, processed data 406 preferably comprises smooth-
ing short term measurements that allow one or more clearer
more-understandable user-accessible graphs, and computing
recovery index as, for example, but not limited to, a simple
linear regression to smoothed data, or by comparing statis-
tical value (including, but not limited to mean, median,
minimum, maximum) of the HRV index within certain
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window (e.g. one hour) in the beginning of the night to
similar window in the end of the night, and computing the
ratio between these two.

[0082] In accordance with one embodiment of the present
invention, the information above is best illustrated using
FIG. 4, wherein the HRV index 408 is chosen to be RMSSD
in this case. Thin circles 409a depict individual raw RMSSD
values computed within each 3 minute window through the
whole night. Thicker circles 4095 are acquired by smoothing
(using, for example, but not limited to, moving average) the
raw RMSSD data to get a clearer picture. The dashed line
409¢ is linear regression of raw RMSSD data, and dashed
line 4094 is linear regression of smoothed RMSSD data.
[0083] In a step 311, DVM 205¢ calculates a “Total
Recovery” 410, which is a number indicating how much
evening and morning values have changed. DVM 205¢ may
calculate this in step 311 in one of two ways: (1) for
example, based on, but not limited to, linear regression
(fitted to smoothed data) as difference of regression line start
and end y-coordinate, or by (2) comparing statistical value
of said HRV index (including, but not limited to mean,
median, minimum, maximum) within certain window (e.g.
one hour) in the beginning of the night to similar window in
the end of the night, and computing the difference between
these two. In the example of FIG. 4, Total Recovery 410 is
based on linear regression and has 34.3 RMSSD units.
[0084] Ina step 313, DVM 205c¢ calculates “Integral Total
Recovery” 412 which is a number indicating the area under
the chosen HRV index graph. DVM 205¢ assumed that, for
example in the case of RMSSD, higher value indicates better
recovery. It is worth noting, that this differs from Total
Recovery in the sense that Total Recovery does not take into
account anything that happens between evening and morn-
ing value, whereas Integral Total Recovery 412 is a measure
for the whole night.

[0085] Inastep 315, DVM 205c¢ calculates “Mean Recov-
ery” 414, which is simply a mean of all nightly values of the
chosen HRV index.

[0086] In a step 317, DVM 205¢ calculates “Median
Recovery”416, which is simply a median of all nightly
values of the chosen HRV index.

[0087] In a step 319, DVM 205¢ calculates “Recovery
Index” 418, which is a number indicating amount of change
(ratio) in measured HRV index (e.g. RMSSD) between
evening and morning reading, and it can be based, but not
limited to, either on linear regression start and end values, or
by comparing statistical value (including, but not limited to
mean, median, minimum, maximum) within certain window
(e.g. one hour) in the beginning of the night to similar
window in the end of the night, and computing the ratio
between these two. In the example of FIG. 4, Recovery
Ratio based on average of first and last 90 minute sequence
is 1.98 with start RMSSD of 26.0 and end RMSSD of 51.7.
[0088] In a step 321, DVM 205¢ calculates “Recovery
Rate” 420, which can be computed by bringing the recovery
time in to the equation, resulting speed of change per unit of
time. Once again, computation can be based, but not limited
to, either on linear or more complex regression, or compatri-
son of start and end segments of given length. In the case of
FIG. 1, Recovery Rate based on linear regression is 3.1
RMSSD units/hour. This corresponds to steepness of linear
fit of smoothed data.

[0089] Thus, herein, processed data 406 comprises data
410, 412 414, 416, 418, and 420 and, in a step 323, the
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application server response to a query 422 form the user
utilizing user device 208 provides processed data 406. For
example, a user can send a query 420 for a Recovery Index
418. In response, step 319 is performed by DVM 205¢ and,
in a step 325, application server 206 provides processed data
406 as a query reply 424 to the user on user device 208 via
network 202.

[0090] Advantageously, in a step 327, user device 208 will
display processed data 406 to a user who will be able to
immediately interpret the data. For example, Recovery
Index values near 0 indicate that no significant recovery has
occurred, whereas clearly positive values indicate recovery,
and clearly negative values deterioration.

[0091] Obviously, if there is no load (due to stress, train-
ing, etc.), there is no need for recovery, and values around
0 are acceptable. To identify this situation, a user can use
system 200 and/or method 300 to obtain evening values and
compare these to long term evening values at least in two
different settings, (1) in the case where significant recovery
has occurred, and 2) in the case where significant recovery
has not occurred. If evening values are close to case 1, the
user will be able to use system 200 and/or method 300 to
determine when the user could expect to see some signifi-
cant recovery, and if this is not the case, it is a sign of some
malfunction to be addressed.

[0092] Herein, method 300 provides the ability to deter-
mine, display, and analyze baseline or historical values of
user -accessible meaningful HRV indices, namely, but not
limited to, evening and morning RMSSD. In accordance
with one or more embodiments of the present invention,
method 300 calculates statistical distribution of earlier val-
ues of the said variable, and display at least range (i.e.
minimum or maximum) of this distribution, or preferably an
informative graphic, for example, but not limited to, as a
vertically tilted histogram or probability density function on
the sides of the whole night RMSSD graph. In FIG. 5, whole
night RMSSD graphic is displayed, augmented with verti-
cally tilted distribution of evening RMSSD values as a
histogram at the left hand side, and similarly, distribution of
morning RMSSD values at the right hand side.

[0093] Therein, user device 208 can display graphical
representations of the historical behavior of the particular
variable the user can intuitively see how current values
relate to cumulative historical data, and also detect modes
discussed earlier. Doing so will help the user increase their
performance improvement efficiency. As seen in FIG. 5,
circles 4095 are acquired by smoothing (using, for example,
but not limited to, moving average) the raw RMSSD data to
get a clearer picture. Line 4094 is linear regression of
smoothed RMSSD data. Histogram 409¢ of evening
RMSSD has two peaks, one lower peak corresponding to
heavy days, and higher to lighter ones. Advantageously, it is
easy for the user to assess whether training load has been
sufficient or not in the “heavy” training day, or if the “light”
training day really has been light, or if there has been
uncontrollable stress during the day that should have been
“light”. Similarly, with morning RMSSD values the user can
see if he/she is fully recovered with morning RMSSD value
near or above the upper histogram peak of histogram 409/
or if the recovery is still in progress or there is some
physiologic or mental malfunction, and morning RMSSD
value is near or below the lower histogram peak.

[0094] On the other hand, the athlete can monitor the
training load by considering evening values. Sufficiently
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heavy training session should produce significant drop in the
evening value, and this should be followed by nocturnal
recovery. Therein, the performance improvement efliciency
has been increased.

[0095] 1In an alternative, application server 206 is inte-
grated in user device 208 and all steps and functions
disclosed herein with respect to application server 206 or its
components are, thus, performed by user device 208.
[0096] While the invention has been described in conjunc-
tion with specific embodiments, it is to be understood that
many alternatives, modifications, and variations will be
apparent to those skilled in the art in light of the foregoing
description.

1. A heart-rate monitoring system for a monitoring subject
for increasing a performance improvement efficiency by the
monitoring subject, the heart-rate monitoring system com-
prising:

a heart-rate monitoring device comprising a sensor, the
sensor not being in direct physical contact with the
monitoring subject, the sensor providing sensing data,
the heart-rate monitoring device calculating, from the
sensing data, monitoring data relative to heart rate
variability of the monitoring subject;

an application server processing the monitoring data to
calculate processed data;

a user device for displaying the processed data in a format
that increases the performance improvement efliciency
by the monitoring subject.

2. The heart-rate monitoring system of claim 1, further
comprising a communication network that is partially wire-
less, wherein the application server, the heart-rate monitor-
ing device, and the user device are in communication with
each other.

3. The heart-rate monitoring system of claim 1, wherein
the sensor is a ferroelectret film.

4. The heart-rate monitoring system of claim 3, wherein
the sensor measures a ballistocardiogram.

5. The heart-rate monitoring system of claim 1, wherein
the monitoring data comprises time measurements between
heart beats of the monitoring subject.

6. The heart-rate monitoring system of claim 1, wherein
the processed data comprises RMMSD values.

7. The heart-rate monitoring system of claim 1, wherein
the processed data comprising a Total Recovery index.

8. The heart-rate monitoring system of claim 1, wherein
the processed data comprising an Integral Total Recovery.

9. The heart-rate monitoring system of claim 1, wherein
the processed data is graphically represented.

10. The heart-rate monitoring system of claim 1, wherein
the processed data comprises RMMSD values and the
RMMSD values are graphically represented.

11. The heart-rate monitoring system of claim 10, wherein
the RMMSD values are graphically represented as a histo-
gram.

12. A heart-rate monitoring method of increasing a per-
formance improvement efficiency of a monitoring subject,
the method comprising the steps of:

(a) monitoring a heart-rate variability of the monitoring
subject using a heart-rate monitoring device to obtain
sensing data;

(b) calculating, by a first processor, monitoring data from
the sensing data;

(c) calculating, by a second processor, processed data
from the monitoring data;
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(d) presenting, to the monitoring subject, on a user device
the processed data in a format that increases the pet-
formance improvement efliciency by the monitoring
subject,

wherein the monitoring data comprises time measure-
ments between heart beats of the monitoring subject.

13. The heart-rate monitoring method of claim 12,
wherein the heart-rate monitoring device comprises a sensor,
the sensor not being in direct physical contact with the
monitoring subject, the sensor providing the sensing data

wherein the sensor is disposed under a mattress on which
the monitoring subject rests and spaced from the moni-
toring subject by the mattress.

14. The heart-rate monitoring method of claim 12,
wherein the monitoring data comprises time measurements
between heart beats of the monitoring subject.

15. The heart-rate monitoring method of claim 12,
wherein the processed data comprising a Total Recovery
index.

16. The heart-rate monitoring method of claim 12,
wherein the processed data comprises RMMSD values.

17. The heart-rate monitoring method of claim 12,
wherein the processed data is graphically represented.
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18. The heart-rate monitoring method of claim 12,
wherein the processed data comprises RMMSD values and
the RMMSD values are graphically represented as a histo-
gram.

19. A heart-rate monitoring system for a monitoring
subject for increasing a performance improvement effi-
ciency by the monitoring subject, the heart-rate monitoring
system comprising:

a heart-rate monitoring device comprising a sensor, the
sensor not being in direct physical contact with the
monitoring subject and being spaced from the moni-
toring subject by a supporting unit , the sensor provid-
ing sensing data, the heart-rate monitoring device cal-
culating, from the sensing data, monitoring data
relative to heart rate variability of the monitoring
subject;

an application server processing the monitoring data to
calculate processed data;

a user device for displaying the processed data in a format
that increases the performance improvement efficiency
by the monitoring subject.

20. The heart-rate monitoring system of claim 19, wherein

the supporting unit is a mattress on which the monitoring
subject rests and the sensor is disposed under the mattress.

I S T T
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