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1

METHOD AND SYSTEM FOR ASSESSING A
READINESS SCORE OF A USER

'I'I &('I IN I CA I. III I II.D

1'he present disclosure generally relates to analysing and
processing dasta related to physical activities and biological
signals of an individual. and, more specifically. tn a metln&d

and a system for assessing readiness score of n user.
iit

BACKGROUND

An individual is subjected to various kinds of mental and
physmdl loads ut a day to day 1&lc. For example, m& utd&-

I
vidual may be subjected to physical loads (such as physical
exercise, wall &n . dnving, playing and thc like) and mental
loads (such as inappmpriate sleep, inappropriate rest. stress
and the like). Further, & f such mental and physical loads are
not managed or handled etficiently, it may induce mental and
physical stresses. For example, the physical stress mny cause
hei&i&i lssitt:9 sUch Bs bBckttchc. spate problcn&9 It&a! thc hktn
and the mental stress may cause reduction in sleep, hinder
concenlralion and impair mol&vation. Thcrclorc, &I is Impor-
tant to analyse how an individual manages nr handles such
mental and phys&cdl loads Ihr mainuiimng a good physical
and n&ental health and what is the readiness nf the individual
to face further challenges

Convent&onally. there are devices that may calculate bio-
lo ical signals of an individual and monitor physical nct&vi- &0

ncs of the Indi md us 1. How cvcr, such devices do nol provide
any u&fonna&ion which relates to recovery oi Ihc u&dividual
fmm mental orphysical loads that the individual i ~ subjected
to. 1&either do they provide any iilfortnation related to a
readiness score of the indiv&dual I'urther, such devices do &s

not analyse data. associated with health parameters of the
individual. in detail For example. Such devices do not
consider the ind&v&dunls'istoncal daid. Also, such tlcv&ces
dre nol capable of promding appropndlc su goat&one or
recommendatinns that may help the individual to eflic&ently do

recover from such mental and/or physical load and to
increase the readiness score.

Therefore. in light of the foregoing discussion. there
exists a need to overcome the aforementioned draw:backs of
d9stu9ulg tca&hncss st:ort: of lhc Uscn

SUMMJ&RY

11&e present d&sclosurc sccks to provide a method for
d9stu9ulg tcathncss st:ort: of 9 ilscn 0

11&e prcscnt thsclosurc also sccks lo provnle a system for
assessing readiness score of a user

In one aspect. an embodin&ent of the present disclnsure
provides a method for assessin readiness score of a user.
The ntethod comprises &9

obtainu&g the user's movemcnts.
usu&g Ihc obuiincd user's movcmems to dclcrnunc a

naiure of Ihc penod, whcrcin Ihe nalurc of Ihc pcnod &s

selected fron& an activity period and a rest period;
measuring at least one biosignal of the user duringthe rest to

period:
detemtinin a rest sununary for the rest period. based on

thc mcasurcd at Icast one b&osignal m&d at least onc b&osigtml
ol' prev&ous rest period,

delcnnining au activ&lv sunuuary for lhc acliv&ly period, ss
based on the obtained n&ovements of an activity period and
obtained n&ovements of at least one previous activity penod,

,429 B2

delcnninu&g a body rcsponsc sununary based on thc real
summary and the activity sununary, and

calculating a rcadincss score based on the body response
sununary and a previous body response summary, w:hereby
thc Icdthucss scttrc ulthcdlt:9 d lcvcl oi I'I:ddu&t:ss ol lhc &&sun

In another aspect, an en&bodin&ent of the present disclo-
sure provides a system for assessin readiness score of a
user. 1'he system comprises

a ring configured to be worn by the user and comprising
means for mcasunng dl least one bios&goal of thc user dunng
a rest period.

a mob&lc conunumcnnon dcvicc conligurcd lo conununi-
cate with the ring,

a&tutus It&i u&UJsltilng Ust:1 9 nti&vctut:nls &lit&lug dn Bc&tv&tv

perind and the rest period. and
a server configured to conuuun&cate v ith the mobile

cmnn&unication device, the server being operable to
use the measured user's nu&vements to detem&ine a nature

of thc pcnod, wherein tlu: nature of thc penod is
selected from the activity period and the rest period,

dclcmunc a rest sumnuiry Ihr Ihc real penod, be&cd on Ihc
measured at least one biosignal and at least one bio-
s&goal of a previous rest period,

detern&ine an activity sun&mary for the activity period,
bascsl on thc mcasurcd movcmenls and mcasurcsI
movements nf at least one previous activity period

detem&ine a body response sununary based nn the rest
sununary and the activity sumn&ary; and

calculate a readinessscore based on the body response
st&Buna& y Bail a pit:vlo&19 body rcspousc siunmary.
v hereby the readiness score indicates a level of readi-
ness ol thc User.

I tmbodiments of the present disclosure substantially
clinnnate or at least pnrt&ally address thc aforcmcntioncd
pmblems in the prior art, by calculating a readiness score of
a user and by providin appropriate instntctions to improve
the readiness score.

Additional aspects, advantages„ features and objects of the
prcscul disclosure would be made apparent Iyom thc dmw-
in s and the detailed description of the illustmstive embodi-
ments construed in conlunction with thc appcudcd clauns
that follow

II w ill be apprec&Bled thai features of Ihe present disclo-
sure are susccpttblc to being combined ut venous combina-
tions v ithout departing fmm the scope of the present dis-
closure as defined by the appended claims

BRIEF DESCRIPTION OF THE DRAWINGS

I'he summary above. as well as the following detailed
description nf illustrative embndin&ents, is hetter understood
when read in conjunction with the appended drav in s. For
the purpose of illustrating the present disclosure, exemplary
construct&ons of Ihc disclosure are shown &n Ihe drawu&gs.
Howcvcr, Ihc present disclosure &s uot lun&tcd to spec&lic
methods m&d &nstrumcnlahucs disclosed here&n. Moreover.
those sk&lied in the art will understand that the drawings are
not to scale. Wherever possible, like elements have been
indicated by identical nun&hers.

Embodiments of the present disclosure will now be
described, by way of example only, w&th rcfcrencc to Ihc
fi&liow &ng d&agranm w hcrmn.

FI(i I Is a schemauc &llustrat&on of a system for as&casu&g
readiness score nf a user. in accordance with an en&bodiment
of the present disclosure:
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FIG. 2 is schematic illustrauon ol B nng worn at a tinger
of the user for collecting a heart rate of the user, in
accord;mce with an cmbodimcnl of thc prcscnl disclosure.

FIG. 3 ls a schematic illustration of a graph showing
physical activity data of the user for a week. in accordance
with an embodiment of the present disclosure;

FI(i. 4 is a schematic illustration of a hypnogram of the
user, in accordance with an embodiment of the present
disclosure;

FIG. 5 Is a schematic illustration of d graph showing Iii

col icctccl ht dlt rate ot lhc tlst r tor 1 wet nights, 111 accolilailcc
with an embodiment of the present disclosure:

11(i 6 is a schematic illustration of a graph shov ing
provocation measurement of the user. in accordance w:ith an
embodiment of the present disclosure: I

FIG. 7 is a schematic illustration of various stages
involved in calculating a rcaduicss score by Ihe system of
FIG. 1, in accordmlcc with an cmboduncnl of tlm present
disclosure;

FI(i 8 is an illustration of steps of a metluld for calcu- 10

lating a readiness score by the system of FICrb 1, in accor-
dance with an embodiment of the present disclosure:

FI(iS. 9-12 are schematic lllustmtion of user interfaces
rcndcrcd at a mobile communication device, ui accordance
with various embodiments ol'hc present disclosure;

11(i 13 is an illustration of steps of a metlxld tilr assessing
readiness of a user, in accordance ivith an embodiment of the
present disclosure„

FIG. 14 is a further schematic illustration of a user
interface in accordance with an embodiment of the present 10

disclosure, and
FIG. 15 is an illustrauou of steps of a method in accor-

dance with a fiirther embodinient of the present disclosure,
Fl(i 16 is an illustnstion of steps of a method in accor-

dance with a fiirther embodinient of the present disclosure, 1(

FI(i. 17 is an lllustmtlon of an exemplary user interface,
BIICI

FIG. 18A. 18B, 18C arc illustrations ol'xemplary user
interfaces accordulg to mnbodunents of the present disclo-
sure 40

In ihe acconipanying draw:ings. an underlined mimber is
employed to represent an item over which the underlined
nuniber is positioned or an item to ivhich the underhned
nuniber is adjacent. A non-underlined number relates to an
ilmu ldcnllticd by a line linking Ihe non-underlined number ds

to thc item. When a number ls non-underluied and accum-
panied by an associated armw. the non-underlined muuber is
used io identify a general item at which the arnlw is
pointing

DETAILED DESCRIPTION OF EMBODIMENTS

1'he folloiving detailed description illustrates embodi-
ments of the present disclosure and ways in ivl»ch they can
be implemented Although some modes of carrying out the i.
prcscnt disclosure have bixu d(sctoscsi, those skilled ui thc
drt would rixogulzc that other embodiments lor carrymg oul
or pracucuig Ihc prcscut disclosure arc also possible.

In one aspect. an embodiment of the present disclosure
pmvides a Inethod for assessing readiness score of a user. Bt!

The method comprises
obtaining the user*a movements;
using ihe obtained user's movemcnls lo dclcrnunc a

nature of tlu: period, wherein thc nature of lhe penod is
SCICCICd fto(11 Bn BCllvllv pC1108 Bnd a ital pC1108, Ss

measuring at least one biosignal of the user during the rest
period;

delcnninuig a rest sumnuiry for Ihc real pcnod, based On

the measured at least one biosignal and at least one biosiytai
of a previous res( period;

determining an activity summary for the activity period,
bmed on thc oblauicd movcmcnts of au activity period and
obtained movements of at least one previous activity period;

detemiining a body response sunuuary based on the rest
sununary and the activity sumniary; and

calculating a readiness score based on the body response
sunuuary and a previous body rcspomc sununary, whereby
the readiness score indicates a level of readiness ot the user.

In another aspect, an embodiment ol'he prcscnt disclo-
sure provides a systeni for a~sassing readiness score of a
user. Thc system comprises.

a ring configured to be worn by the user and comprising,
means for measuring at least one bioslgnal of the user during
a rest period,

a mobile conununication device configured to communi-
ciltc ivllh lhc nng,

means for measurin user's movements during an activity
period and the rest period, and

a server configured to communicate with the mobile
cmnniunication device, the server being operable to

use the measured user's movenlents to deter(nine a nature
of the period, wherein the nature of the period is
selected from the activity period and the rest period,

detcnnine a rest sunuuary for tlu: rest period, based On thc
measured al least onc blosignal mid al least one bio-
siytal of a prew ious rest period,

determine mi activity siunmary for the activity period,
based on the measured niovements and measured
motements of at least one previous activity period.

detemiine a body response summary based on the rest
suiunlarv Bnd Itic Iictlvllv'unmlitiy, Bnd

calculate a rcaduicss score based on thc body response
sunuuary and a previous body response summary,
v hereby the readiness score indicates a level of readi-
ness of the user

The tenn readiness in this description encompasses not
only alertness or readiness of the user. or the lack of
alertness or rcaduicss ol'he user, but also physical and
mental recovery from venous kinds of stress Thc rustiness
score Is iul cslunilu:(1 rcddult:ss of lhc User lo pclfoml well
at a g(ven day. It summarizes both physical and mental
prerequisites for a good day. In essence, it covers the effects
of earlier physical activity, previous night's sleep, and body
responses measured lately. Body responses can mean for
instance lcmpcrauire, resluig hear( rates rclauve lo user's
owu uomiativc values. or how much they have changed as
a rcsponsc lo previous day's physical activity. Thc lcnns
recovery, alertness and readiness can be used mterchange-
ably m this description and are meant to be understood as
stated above.

The present method may use difi'erent calculation pamsm-
clcrs and it is prclbrably dcsigncd lo learn from previous
mcasurmncnts. For exmnplc, the method and device may
take into account Ihc dale from previous wcck, lwo wccks.
'I 111011th (u'v'(1 months (or any other time lapse), in order to
set personalized calibrations. avemges and/or limits, that are
typical to the user. The device may also compnse a means
for resetting ali measure(nants and calculations. Such per-
sonalized settings cmi bc used to give I'urthcr ulstruclions lo
the user. Io improve the user's life balance Indeed, dilfcrcnl
Iiscrs lnilv'dvc chficrcllt Icdcltons IO stress (loci llhlcsscs, Ils
well as ditferent means to cope and recover fnlm stress
1(urthennore, the gathered data could be used for varying the
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i

wmght that is g&ven to ihlTcrent aspecls measured or
obtained by the user, in order to further personalize the
device

In an embodiment, the ring of the systein is contigured to
be suitably &lorn at a finger, such as an index finger. of the
user. Iqowever. it may be evident to those skilled in the art
that Ihc system may bc associated wilh other wearable
devices. such as a dev&cc adapted to be morn at a wrist of Ihe
user. I&or exanlple, the dev&ce may have the ti&rm of a ring
and may be configured to hm e a size that is large enough to Ia

be suitably worn at the wrist of the user. According to a
further embodiment, the ring is as described in PCT/F12014/
0000u k wluch application is hereby incorporated by refer-
I'ncc.

lllc nng or other dcv&cc &s conti ured Io measure at least
one biosignal of the user, and optionally the user's nlove-
ment~. which may be referred to as 'raw data* associated
with the user. 1&urther, the measured data is associated v ith
the activity period and the rest period. as muy be relevant.
The tern& 'activity period* used herein refers to those periods lo
ol d ilav when Ihc U9cr Is sUbfcc&cd Io anv phvslcBI acllvit)',
sUch as when &hc U9cr ls cxcrclsulg. walknlg, pl&It'nlg or
attending to normal day to day tasks Iiurther„ the term 'rest
period'sed herein primarily relates to a sleeping period of
the user in a day I Io&vever, the rest period may also include
time period when the user is sitting or lying down to relax.
The nnlvements of the user are measured or obtained fmm
d separate device, and used to dclemunc whclher Ihc user is
dmn c or restulg, &.c. to select Ihe nalurc of Ihc pcnod

In the present description. the step of measuring or &c

obtainin the user's nlovements provides nx&vement data
and the measuring of at least one biosig»BI pn&vides b&osig-
nal or biosignal data (which terms can be used interchange-
ably). The obta&ned movement data of the user during the
rest period can bc used for various purposes. For exiunple, Is
it is typically used Io dcternunc whether a momenl of t&me

belongs to thc uct&v&ty pcnod or Ihe rest penod or possibly
a further type of period if one or more such further types of
period(s) have been dehned I'u&ther, it can be used as part
of the starting data for detemlining the rest sununary. A du

biosignal or sevemsl b&osignals is determined during u rest
period, but may bc also dctemuncd durulg an acnvity
period. For exumplc, u& case Ihc tcmperdturc ol'hc user is
clcvated dunng a rest pcnod, n may bc contulued to bc
monitored during a following activity period, in order to
ensure whether the increase w:as due to fever or another
reason. Furthermore. elevated temperature reudin s such. as
fever can be pro ranuued to adjust the readiness over an
cxtcndlxt period of t&mc, & e. not only thc follov,ulg day In
practice. after being s&ck one or more davs &I w&11 be u

benclicial Io tukc add&t&onal easy days proporuo&xil to the
lcngttl of tl&e sick&less

According to an enlbodiment. the step of obtaining the
user's movements is performed by measuring, the user*a
movenlents or by retrieving the user's movement data from &9

d 9cpaldtc dcvlcc. Thc user 9 nlovcnu:nw ciul con&prise lor
example actual &novo&Beats such as ra&sulg an arm or a hand,
w alkmg. naming etc, or accumulated step&9, an aclive tmle or
a distance covered by the user.

'l)pically. the movenlents are measured by means for ic
measuring the user's movements. These means cun be
arranged on the ring or other similar device to be worn. or
in a mob&lc commun&cdt&on device or in a separate dev&ce
destined Io measure a user's movements, such as a pcxtom-
ctcr. In one mnboduncnt, thc means for mwisunn user's ss
nlovements is selected from the gmup consisting of an
accelemmeter. a gyroscope and a magnetic tield sensor It &s

further Io bc noted Ihal Ihe means for mcasunng thc user's
movements during the rest period can be the sanle means or
ditTerent means fmm those used for nleasuring the user*a
movements during the activity period I'or exalnpte. it is
possible to use the measured biosignal for determining the
movement data for the rest penod.

Accordulg to an embod&ment. tlm method funhcr com-
poses mcasunng at least one bios&gnat dunng Ilm activ&ty
period According to another embodiment, the at least one
biosig/Ial (for either the rest penod or the activ&ty period) is
selected fmm the gmup consist&ng of an electrocardiogram
(EICCi or EC(t). a plnltoplethysmogram (PPCI), an electro-
myogrmn (EMCI), an electroocylogram (EOCi), a heart rate,
a heart rate vanab&hty, body tcmpcraturc, a resting heart rdie.
an avcragc heart rate and signals rclatcd to breathing. When
a biosignal is measured both during activity and rest, it can
be the same or different

According to a further embodiment, deternlining the rest
smnmury comprises at least one of determining a hypno-
gmm. determining a sleep balance. determirung lowest body
tcmpcrature during rest and dctenmnulg a resting lmart rate.
A hypnogram cdn bc detcrmuled up Io a cerniin accuracy
with only motion data. although RI&M-sleep is rather ditTi-

cult to differentiate fmm li ht sleep without a biosignal such
as breathing rate and its dynamics. heart beat intervals or
amplitude variation in EC(t or PPCi s&gnat Other possibili-
ties are EMCI. EEC& or EO(t tl&at are part of polysomno-
graphic measuremcnt used in clulical shxp tests. On thc
other hand, it is also poss&ble Io usc only PPG data to denvc
much of the same movement informat&on than is needed
regarding motion data, thus an accelerometer or other move-
ment sensor is not nl'llldatory A movement sensor can be
used to measure some additional information about the
posture of the user, for example, but a PPCi is typically
sullic&cnt Io delcct most of Ihc movcmenna Regardulg real
t&mc rclatcd lbctors bchmd rccovc&y/ro&d&ness, an allemd-
t&vc of a hypnogram woukl also bc to detcnn&ne parmnetcrs
that are associated with deep sleep (fi&r physical recovery)
and REM sleep (for mental or cognitive recovery). 'I'his
means determining how mentally rewarding the sleep was,
and how physically re&larding the sleep was without use of
a hypnogram. Usc of a hypnogrdm could bc bcnclicml in
val&datulg Ihc detcnninauon. but thcrc are altemativc intcr-
mcdiatc paramctcrs that coukl also be used. such as breath-
ing inconslstcncv, rcBpll lto& y cth111 ref&ted parainctcis c;ll-
culated fmm heart beat intervals or PP(i pulse mnplitude
parameters. heart rate dynamics or stab&lity of the pamsm-
eters. eye motions. and so on. In the following, the general
tern& sleep facto&'s Used lo cnconlpd99 hvpnogl dais I&s

well as its altcrnativcs as mentioned above
Head rate is onc possible b&os&gnat measured by Ihe

device in question. I'he heart rate &s thus one optional,
additional feature derivable from a PP(i signal or an li('(i
signal. Further on. changes around the local mean or difier-
ence from whole night nlean are more sens&tive to sleep
plrd sea than thc heart rale or Ihc heart beat interval i&scil: Thc
dynam&ca of PPG 9&~rdl mnplitudc (e.g. ddli:rcnce bctw ccn
local max mid local nnn around each heart beat pulse) or R
peak amplitude (from I:('Ci) provide approx&mately the saine
infornlation as heart beat interval dynamics

In a further embodiment, the heart rate is measured by
means for measuri»g a heart rate, Ivhich compnse a photon
source arranged on Ihc u&ncr surface ol'hc nng and a photon
deum&or arrangcxt on Ihc inner surface of Ihc nng. In yct
another cmbod&menu Ihc ring further composes 9 tirst
electrode and a second electrode adapted to measure an
electrocardiogram
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In onc cmboduncnt, Ihe ruig thus uicludcs BI least Onc
motion sensor. such an accelemmeter. a gyn&scnpe, a niag-
netic iield sensor or a conibination thereof, to measure user's
movement qhe motion sensor is configured to generate
motion data that is indicative of the movements of the user.
For example„ the motion sensor may be conti ured to
detcrmuie luitmr molton tnlormatton, rolaltonal molion
inl'onnation, and thc like. Further, such uflhmiatton (linmtr
niotion nr rotational motion) may be combined nr correlated
to generate the motion data that is indicative of the user's 10

niovement As nientioned above, the inovement data can
also be genemted by a separate device and retrieved or
obtained by the ring or the server.

In onc cmboduncnt, the heart rate is measured by mea-
suring blood volume pulse. Spccflically, Ihc heart rate is
deterniined by measuring PP(i (photoplethysmogram) frnni
the blood vnlume pulse I'he PP(i can be measured using
optical electronics, particularity using the principle of trans-
mittance or reflectance of liJtt. For example. Ihe ring
includes optical electronics. I.e, at least one photon source zc

dlltl dl ICBSI OUC photoll ih:ICC(ol poSlilolliXI 011 till llltlCr
surface of the ring. Thc at ltmst onc photon source ts uifrarcd
light (IR) emitting diode and the at least one phnton detector
is IR receiving diode (such as photon diode or photon
tl"ll'isi at(11')

In an embodiment. when the riiig is worn nt the user*a
finger the optical electmntcc thereof acquire appropriate
mensurmuent data or bios&gael data (&.c. blood volume
pulse). Specilically, an IR hght pulse is sent from thc at least
one photnn source and thereafter the reflected ig light is 10

received by the at least one photon detectnr Further. the
variations in volunie of the blood vessels (during the flow of
blood) result in variation in the measured transmission (i.e.
IR light intensity) wlfich is measured and processed to
generate Ihc PPG. Further, from a PPG wavcfonn an inter- &i

beat-interval 1 c. a heart rate (time bctwtxn two beats) is
detcrmuied. Body tcmperdturc of Ihc user ts Iypmally mmt-
sured using, a sensor fi&r measuring temperature compnsed in
the device. for example a thermometer included in the ring.

The ring may also include other electronic components do

apart from the motion sensor and the optical electronics.
Spcxilically, thc nug is conligurcd Io collect and analyse thc
ra a data (t.c. data ol'he mouon sensor mitl the Optical
clcctronics). For cxumple, the ring may uiclude other clm-
tronic components which may include but not limited to a
controller, a microprocessor. a memory and a comnnuiica-
tion module. The controller is operable to control operation
of the nu&tion sensor and the optical electronics ii&r ener-
ating data related Io Ihc user's movmnmit and Ihe hear! rate.
Thc microprocessor may bc opcrablc Io process or six&lyse 0

thc raw data gcncratcd by Ilm motion sensor mid Ihe Optical
electronics. I urther. the memory is used for storing the
analysed nr processed data Moreover, the communication
module is configured to establish a conmtunication between
the ring and the mobile comnumication device.

In an embodiment, Ihc mobile conunumcation tlcvice is
ColllltX'ICtl lo 11 CollllllU111Cdtlon llctutlrk Ihroilgh 11 Cunllllil-
nication module. For cxamplc, thc mobile communication
device may be wirelessly connected to the ring by a wireless
connection such as a Wfl'I, Bluetooth and the like sc

The mobile communication device is associated with the
user &&earing the nng. In an embodiment. the mobile com-
muiucation device includes a computuig device which
includes but not limited Io a amer(phone, a tablet compulcr,
a phablct mid a laptop Si

In an embodiment, the niobile cominunication device is
confiaured to collect the analysed raw data fn&m the ring.

Further, the mobile comnninication dcvicc ts operable to
perforni deep data analysis of such raw data. It is to be
understood that the mobile communication device includes
required electronic elenients. such as a processor, and algo-
rithms to perfomi such deep data analysis.

In an example, the mobile conumuiication device is
Opcrablc to perform thc deep data anulysis of such raw dais
fi&r example to dc(ermine a heart-rate-vanabihty (HRV)
from the inter-beat-inter& al. Also, a respiration mate (a signal
related to breathing) can be determined fmm the PP(i wave
by analysing peak values thereof.

In another example, the deep data analysis includes deter-
mining a sleepin pattern of the user. Specifically, the data
from Ihc motion sensor nuiy be proccsscd by thc mobile
conunuiucation device to dctenninc thc sleeping pattern of
the user. 1&or example. based nn the data from the motion
sensnr v hen the user &vent tn bed and woke up can be
identified Alsn, based on the data fmm the motion sensor
how long the user slept can be determined. Therefore, the
data (i e. v:hen the user went to bed, when the user woke up
and how long the user slept) enables ui deliiung thc slecpuig
pattcm of thc user.

ln another exaniple, the deep data analysis includes deter-
nuning a sleep factor, such as a hypnogram for the rest
period, for exmnple when the user is sleeping Specifically,
the hypno ram is determined based on the measured motion
data. Photoplethysmoyam wavefonn dynamics and heart
rale dynamics usuig a class&lice(ton algontlun, a decision
tree, a neural network or cqun slant For a ccrtaui value of
the hypnogram (e.g tvith a resolution between S0 s and 10

nun), a measurement period that is lnnger than the resolution
of the hypnogram can be used (e . data fmm 10-20 min-
utes). This is because some chamcteristic features in the
measured data appear more rarely than what is the aimed
resolution ol'hc hypnogrmn. Further. &t gives an advmitage
to usc more data lbom Ihc lnstory than from thc fiiture in
certain features (c.g. deep sloop may start only afIcr a certain
duration of rest time but may stop when the rest time stops)
in the determination of the hypnograni for a given time
point. The hypnogram is used for analysing a sleep quality
and various stages of sleep associated with a particular night.
Similarly. thc venous other f mtors und parameters quahl'y-
iug sleep may bc used mstcad of a hypnogrdm For example.
tile vdrloUs sleep stages 11UI&'nciUdc tlccp sh:Lp, i&gilt sleep
and m&pid eye mnvement (Rl IM) stage lturther, based on the
absolute time at each stage and the percentage of various
sleep sta es the quality of sleep can be determmed. Also,
some or all of the following, i.e. hot& nuich the user typically
dCCillllillBICS till CBCh Sldge, how tl&UCh Illc ilscr Ivp&CBIIV

accumulates when wctghicd against thc previous day'
activity and what kuid of fccdbtmk thc user has given earlmr
in respect of nights that have prnperties similar enough to the
night in question (the current night), may be also taken into
consideration for determining the quality of the sleep.

In yet another example, the deep data analysis includes
comparing shxp qualiiy of Ihc user for ihfii:rent mghts. For
cxiunplc, Ihc sleep quality may be compared by collectuig
varloUs ddla ol thc User fttr (host: llights. Further, based on
the comparison the sleep quality niay be categonzed into a
good sleep, a bad sleep or an average sleep.

In an exampie. the categorization of the sleep quality may
be determined v, ith the amplitude of heart rates. duration of
slee)& and mcasurcd pcrccntage of venous sleep stages (i.c.
dixp slixp, light slccp and rapid cye movmncnt stages). For
example, the sleep quality may bc said to bc good 11'hc heart
mates is between 70-40 beats per minutes. the duration of
sleep is about 7 hours and the percentage of the deep sleep
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is around I lo 2 hours (10-20%) among the various sleep
stages. Further„ the user*a feedback is taken to validate the
slccp quality

In an embodiment, the deep data analysis also includes
mensuring venous phys&cal provocdlions or non-provocd-
tions, as well as strength of such physical provocations or
non-provocations. The physical provocations may be
referred to as change in the physical activity level. i e. when
the user changes or etta&ns a physical activity level fmm
another physical ucnv&ty lcvcl. For cxamplc, tlm physical
provocations can be when the user stands up foml a lying
pos&lion. when lhc user shirts walking form a s&tlulg pos&-

tion. and the like l&urther, the non-provocation may relate to
situations 0 la:n Ihc user &s subiectcd to no phvsical activity,
i e. &vhen the user is sitt&ng, lying dolvn and the like

In an embodiment„ the various physical provocations or
non-provocations may be nleasured by correlating the nlea-
sured user's movement data and the heart rate. Specifically,
lhc Ira&lslnontd chang&a al lhc Bcnvlly'f 9 pc&son (&.c.

standing up. sitting down, climbing stairs etc.) and the
strength of provocation & s measured. For exlunple. thc

bod &ly

reaction to provocation happens after a delay. therefore
nleasurement of I IIt/I IItV (where I IR stands for heart rate)
cml be initiated only &vhen such pmvocation is detected and
the win&le phenomena and bodily reactions during each
phase (before. dunn and after tmsnsition/provocation) are
nica9 0 n xi.

In mlother cxamplc, thc dccp data mlalys&s ulcludcs dcter-
minin the user's stress level. Specifically, the user's stress
level is determined by calculating the heart rate variability
(I IRV) for the activity penod and the rest period. based on
the nleasured heart rate For example, the user's stress level
may be determined based on the HR and/or the HRV, and/or
thc acln&ly level und/or other sympalo-vagal provocation,
loadulg Or a withdrt&wal of provocat&on. Tllc HR, the HRV,
dnd lhc t&cllv&lv lcvcl ol provocanon, thc wlthdrdwid of
pmvocation. the load of a user are recorded at various t&mes

during the day and the values are correLsted to arrive at a
stress level of the user The stress level is estimated based on
a predetermined set of algonthms and analysis methods.
Further. Ihc phys&cdl d&sposilion or sympdlo-vagal provocd-
uon and thc act&v&ly lcvcls ol'he user arc aulomatmally
dcmxled and the v&tal paramctcrs, &.e., thc HR and/or thc
I IRV are recorded at different times

I'or example, if there is no activity, i e no physical
provocation but HR is biol. the user may potentially be
acutely sufi'ering e.g. from a mental, psychofogcai or emo-
tional 910:99 or ls hdvnlg d phvslologlcdl slrcs9 nu&cion
rcfatcxi lo breath&ng (c.g. holdulg thc bread&) or otlmr phys&-
olog&cal stunulus l&kc contraction, or a phys&olog&cal stress
reaction due to dnnk&ng or eating something that raises the
pulse mte. Similarly, if there is any physical activity such as
&shen the user is do&ng some physical exercise (walking,
jogging or runn&ng). the bodily reactions are measured
ilunng lhc oxol'c&9c pcnod lo ilctccl lhc stress level.

In an embod&ment, lhc mobile conunumcat&on device is
configured lo calculalen rcadincss score for assessing read&-
ness of the user Spec&fically, based on long data, trends,
cross-correlation analysis of the deep data analysis (i e heart
rate variability. hypnogram, stress level and the like) the
readiness score is calculated. Further. the lon data. trends,
cross-correlation annlys&s may bc associalcxl v,&lh a t&me

period (for example a day, a neck or a month) for winch Ihe
dcxp ddla analys&s &s pcrlhmlcd. Thcrcforc. the mcasurcd
user movenlents. and biosignals such as heart rate, sleep
factor. heart rate vanability and stress level for such time

pc&iud dry co&rein&cd ni cdlcuhnc lhc lcadulcss scolc and
thereby assessing readiness of the user.

'I'he readiness score indicates a level of readiness of the
user as well as the recovery of the user from the mental and
phys&cal load. The term 'readiness* used here&n means also
a return to a nomtal state of mental and physical strength (or
energy lcvcl) after lhc mental and phys&cdl load. In an
exiunplc, ll thc phvslcBI lodd Is assocnncd w lib an acllvllv
period (such as physical exercise), the read&ness score may

&o be based on the heart mte, heart rate variability and stress
level ot the user For example. die readiness score Inay be
good or lugh (such as about &9Ã/o), if the heart rate. heart mate

variability and stress level of the user have returned to the
normal state aficr thc cxcrc&sc. It is lo bc understood 01st thc
readiness score may bc measured aficr a ccrta&n time pcnod
(for example half an hour) of the activity penod. Similarly,
if the mental load is associated with a rest period (such as
sleep), the readiness score may be based on the movements,
heart rate and sleep factor of the user. For example, the

lo readiness score may be good or high (such as about 90'/o),
if lhc user moves less. thc heart rate w w&tlun a dcsircd lcvcl
(70-40 beats pcr mululcs) and the slccp factor shows a good
amount of deep sleep.

In one embodiment. historical data of the user is also used
for calculating the readiness score. I'or example, the histori-
cal data may include information reLated to a medical history
of the user. but also on histoncal data collected by the
system &&self. For exmnplc, Ihc lustoncdl dnla may comprise
dale showing how lhe user typmdlly rccovcrs from a load.

&c Othenvise, the historical data may include information
related to past professional life. food habits, and the like
'I'herefore, it may be evident to those skilled in the art that
the historical data may have substantial infhience on mea-
surement of the readiness score of the user

ls In onc cmbodimcnt. Ihc mcllx&d compnses providulg Ihe
user w&th appropriate instructions, rclatixl lo at least one of
phys&cal act&v&ly and mental acliv&ty, for &mproving Ihe
user's readiness score i)1st is. based on the readiness score,
the user may be pmvided with appropriate instructions

do related to at least one of physical and mental load. Specifi-
cally. the appropriate instructions are provided to the user for
improvulg thc user's readiness score agmnsl such phys&cal
and mental load. For cxmnplc. &f thc rw&d&ness score of thc
user is poor or low (such as about 40/o) al'tcr do&ng cxcrc&se.
the user may he instn&cted to take more rest such that the
heart rate, heart rate variability and stress level retun& to
normal state. Tins in turn may improve the readiness score
related to the physical load. Sinlilarly, if the readiness score
of lhc user is poor or low (such as about 40%) aficr a sloop,

0 the user may be instructed to sleep longer or lo do m&ld

exerc&sc to have good quahly sloop. wluch in turn may
in&prove the readiness score related to the n&ental load

In an embodiment, the mobile communication device is
configured to visually present the read&ness score to the user.

ls For ex unple, the an&bile communication device is rendered
with various user intcrfdccs based on thc readulcss score.
Specifically, thc user &nlcrfhces arc based on (Or include)
inff&rmation rclatcd to thc readulcss score and the ulstnic-
tions for i&npmving such readiness score l&or example. the

ic user interfaces may include a readiness score (shown lvith
percents e i.e. 80-90/o) and an instruction (such as 'sleep
longer" or "do mild exercise'). Also, the user interface may
include &nformat&on relaicd lo Ihc user's movemcnt, heart
rale. hypnogram, heart rale lariab&l&ty, body tcmperaturc,

ss stress lcvcl and other data measured or obta&ned by Ihe
method and system. I'or example. the interface may sholv
user's movement (i e mmlber of miles the user has walked),
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heart rale (i.e. a ihgilal representation ol current basis per
minute), duration of sleep, sleeping pattern. sleep factor
such as hypnogrtun (venous sleeping slagcs and Iheir per-
centages) and the like

According to another cmboduucnl, thc user mtcrfacc is
confiaured to also show separately the different elenlents
which contribute to the readiness score. Accordin to yet
another elnbodiment the user interface also slxlv s their
efl'ect on the readiness score (such as lvith sinus + or -) and

I i i
optionally also the history anrgor csnmate for followulg
days. This embodiment allows the user to see in which
illli I'lion Ihc rcadlncss score Is evolving Bnd Bt v hich I'Bn: ll

is changing. Moreover. the user interface may include a
possibility filr thc user to enter data. such as an cstnnatc of
length of the following night's sleep and the interface would
then be able to show a prediction of readiness score for the
following day liurthermore, the user inay be given an
estimate of time it takes to recover from one short night. for
cxamplc. 20

Sonic possible elements to be shown accordin to tlus
cmbodimcnt include (but arc not limited lo) activity of the
previous ihsy, heart rate at rest. sleep of the previous nmht,
sleep debt (I.e if the user did not sleep enough, the difl'er-
ence between the user's optimal amount of sleep and the
anlount of sleep the previous ni ht or nights). activity of the
day and body temperature.

lhc server is operable to calculate thc readiimss score and
provide appropnatc uislructions lo Impmvc die user's readi-
ness score. Specifically. the server of the system is operable 10

to do the required analysis or pmcessing of data (i.e the
deep data analysis and long data, trends. cross-correlation
analysis of the deep data analysis) for rending the user
interface on the mobile communication device. For example,
thc deep data analysis may be partly pcrformcd ul lhc server ls
and partly perl'onncd in thc mobile conunuiucation device,
othcrwisc the deep data analysis may be completely per-
formed in the server Similarly. the long data„ trends. cross-
correlation analysis of the deep data aimlysis mav be partly
or completely performed by the server. Further. the server so

may be configured to collect the raw data from the ring
directly or may bc configured lo collect the raw data
indirectly fluuugh lhc mobile communication dcvwe. Tllcrc-
forc, Ihc server may perform llm requirwl analysis lor
rendina the user mterface related to the readiness score and
the instruction (i e various aspects subjected to assessing
readiness and recovery of the user from menml and physical
load). It is to be understood that the server includes required
ch:ctronlc clcnlcnnh sUch tis B plocesson alai algorlthnls 10

pcrfornl sUch Bnalvsls 0

In an cmbodiment. Ihc acr vcr Is conmiu nice lively coupled
to the user ternlmal thmugh a coinmunication network
which can be wired, wireless or a coinbination thereof. I'r
example, the communication network includes. but are not
limited to. Local Area Networks (I ANs), Wide Area Net- ss
worl I (WANs), Metropolitan Area Networks (MANs),
Wirclcss LANs (WLANs), Wireless WANs (WWANs),
Wirclcss IILI,NS (WMANs), thc Internet, scmond generation
(2(i) telecommunication networks. third generation (3(f)
telecommunication networks. fourth generation (4(f) tele- io
communication networks, and Worldwide Interoperability
for Microwave Access (WIIVL(X) networks.

Some examples of concrete parameters that may be
definrxl mid monitored ui respect io dmly rwldmcss to
perform, as well as thcir cflbct on readiness, are listed below. ss

Previous Or last night: the quantity and quality of sleep,
netting enough sleep improves daily readiness.

Sleep balance (slimp debt), lhc sum of how much accu-
nndated sleep over past 1-3 weeks differs from indi-
vidual sleep needs: insufficient sleep results in sleep
debt that reduces daily readiness

Previous day (physical activity)l excess sedentary time,
excess vigorous intensity and excess total volume of
physical activity rcsluccs dmly readuicss, bul also lack
of scdcnlary lime. cxcrcisc and physical activity reduce
daily readiness.

Activity balance (cunndative level compared to user's
own history); the activity balance is calculated over a
period of for exanlple 1-3 weeks and compared to the
user's iong tenn activity (e.g 1-12 months average or
typical level changes, best readiness is aclucvcd dunng
easy penods when aciivily lcvcls arc somewhat below
average (i.e not excess of activity, but not zem activity
levels either)

liody temperature; changes in nlaximal nightly skin tem-
perature can be markers of sickness and clear deviation
from user's noml reduces readiness; body temperature
may also bc mi indication of thc menstrual cycle lor
prc-lncnopaUsal wonlcn.

Resting heart rate: chanaes in minimum nightly heart rate
are markers of stress that usually reduces readiness; a
user I resting heart mate may chailge for various reasons
and thus maximum readiness is typically encountered
v hen resting heart rate is somewhat belo~ user's norm
(bul not loo much below as tlrst could bc associatod
with excess Ihligue).

Restmg heart rate-based recovery index: how long restor-
ative sleep the user reached after his/her hear rate had
stabilized to the proximily of the resting heart rate;
longer accumulated bedtime/sleep/deep sleep/deep+
REM after heart rate has stabilized predicts improved
rcadineas: this conlnbuior will react also to alcohol
COIISUnlplloll Blul hlIC CxcfcisC, Bnlong olhCI lhnlgs,
both challcllgillg Ihc llscr s rcadlllcss.

I'he various data or parmneters may be weighted, based
on how each contributes lo the readiness score. Some
principles used in the weighting may be for example as
follows. Some of the parameters have monotonously
dimrcasing contribution. while some others have monoto-
nously uicrcasing conlribuuon. Some of thc parameters have
an oplunal area and thc rcadnicss decreases ul both direc-
tions (i e. belov, and above the optimal area) I'urthermore,
the device and method may be configured to take the body
temperature in account when weighting the data, i.e. the
v eighing may be performed continuously. For example, if
lhc User s tcnlpclaullc ls within II prc-dciincil, nomull scahm
its weight can bc mimmal Bnd a "normal" weighting Is uscsf
filr lhc other parameters or data. Howcvcr, if the user's
temperature is elevated (i e. above a pre-deternimed limit),
its weight can be bi and optimal activity levels can be
lowered accordin ly. Again, the device may be set such that
it is able to define the normal scale of temperature filr the
user.

Still lurther, thc method and dcvicc may bc configurcsf to
take uilo account thc calendar. For cxamplc, lhc dcv ice may
be able to recognise the tinle of the year (such as winter,
spring, suminer or muumn) or weekdays from weekends
This information may be taken into account in the need of
sleep. for example, as typically persons sleep more in the
wuiler limn in lhc sununcr. Tlus information may also be
taken uilo account in Ihe inslory dale. For example, Ihc
dcvicc may rccognisc that the current month is January, and
also compare current data to data front a previous year'
Jaituaiy
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According to a prcli:rred cmbodunem, the oulpu! ul thc

device (i.e. on its user interface) is a percentage as a
readiness score It may also show the main contributors for
example as a graplucal element (for exainple slain ing a bar
for each contributor). One example of n simple interpremtion
of single readiness contnbutors is the foilowhtg.

&35!o nlcans that tht: uscl ni:eds tit nike Bellona with this
contnbutor in order to Improve the readiness;

35-70% means that the user could pay attention to tlus
contributor in order to improve the readiness: 111

70-85% means that this particular contributor is below
reconunended levels apparently helping the user to
manage his/her daily requirements: and

85-100'!o means that this parucular contnbutor is witlun
general rcconuncndations and also good al the user's I

individual level. i e to the level tlmt it boosts the user'3
readiness to perfornl the given day.

'lie user interface nlay also comprise a means filr warning
if one or more contributors are above a pre-defined rnaxi-
mum level. It is evident that the combination of challenging Io
and boosting coutnbutors can bc displaycx! mid mathemati-
cally prcscnted ul many dilli:rent ways. Hov,ever. Ihc pre-
sented exmnple calculations give one example on the solu-
tion to the problem how one could combine the complex and
occasionally contradictory contributions of sleep, activity
and body responses to the readiness of the user (body
responses for example due to sickness or environmental
factors). 11 may be useful to show thc combinalion of faclors
for several reasons. For cxmnplc, not everybody can suni-
lariy adjust every paranleter (shift work, other responsibili- lo
ties or preferences or life habits or temperainent) so it is
necessmy to leave the freedom and possible choice to the
user. Moreover. each factor may be important on difi'erent
times (holiday„weekday/v eekend day. depending on family
situations or tranung phase ctc.). lt

lite readiness score can be scaled on many diflbrent ways.
Onc cxtunple is a scale bctwccn 0 and 100. where 85 means
sufficient or nornlal or adequate readiness for the current
day Ibis value is intended to correspond with the user's
average condition. pmvided the user has been living his/her do

normal life. In addition. the device and method mny com-
pose ccrtaul means to recognize abnormal hfiu as is
explained below.

One cxamplc of possible calculations and ellixts of thc
different variables and pammeters in the present method and
device is given below

1. Sleepl previous night quality
a. Device calculates a sleep score filr each night (0-100).

Altcnlativc could bc c.g. total sleep time/9 hours (the
latter is thc maximum sleep nectl that can be c

cxPcctcd I'or a normal uldividudl)o or dccP+REMI4 5

hours.
b Device calculates user specific average and deviation

front earlier sleep scores from the same user
Altenlative can be human specific noun tlmr is cape- o.

ci ally pracu cd I In the beginning when individual data
is not available. A humml specilic noml can also bc
used at later stages as a companson 10 thc user
specific average

c. 1)evice calculates how imlch and in v hich direction tt!

current Sleepl previous night quality differs from
ivhnt is an adequate level for user (named ns Average)
Z uldex=(Current value—Averd c)/Deviation
Z uldex is I wlmn your value is I deviation lughcr than

)'oui avt:Idge. St
d l)evice controls that user's average is gilild entulgh to

be regarded as a reference filr "suflicient" or

'*Bdcxiuatc" slcmp score II'ot, tlm dcvicc schxffi a
predetermined nlinimmntnlaxinnun sleep score (filr
example 85A)5) that can be regarded as sufficient or
adequate for reference and uses that value instead of
user's own Avera e value.

e. Device also controls that user's deviation is within
sensible range (c.g. 5-10) othcrwisc thc mcasurmuent
cBB bcconlc 100 si:nslnt c tn nisi:nsltlvc 10 chtnlgcs.

f Device estimates the cnntribution of previous night'3
sleep to the Readiness to perfilrnl the filllowing day so
that it oives a higher cnntribution the better the sleep
score was the previous nl+t
ReadinessContributors(l)=85+12 5*Z index I:
In practical tcnns, maxunal contnbuuon to thc daily

readiness. by Slccpl previous night quahty, is
achieved for exanlple tvhen sleep score is both
minitnunl ')0% and higher than user's long term
averlge sleep score by a margin that depends tul
sleep score variability.

2 Sleep2 Balance
g The user Is supposctl to be have higher rcadincss the

morc hc/shc has slept durulg prcccding 2 wccks.
h Device registers total sleep time on sevenll nights

S(0) 75h,S(i) 80h.S(2) 78h,g(3) 60h,g(4)
5 8 h, S(5) 7.2 h...

i. Device estimates ivltat is user's individual sleep need
Device calculates user's long teml average. and con-

trols that itis between nonnauvc rmlgc (7-9 hours, in
a prclbrred cmbodimcnt thc acceptable range can
alon be age dependent).

j. 1)evice calculates how nluch sleep tinle differs from
individual estimated sleep need
D(0)=7.5 h— Avg. D(l)=8.0 h—Avg. D(2)=7.8 h—Avg,

D(3)=(c0 h-Avg, and so on.
k Device also calculates how much user's slccp durations

typically vary bctwccn nights (SltxpDeviation), and
checks thtlt thc ilt:viatica Is not 100 snlall or 100 high 10

represent user's sensitivity to changes (acceptable
deviation range cml be e.. 25-45 mimites).

1. Device caiculates a weighted mean of the difi'erences
(v eighing is needed for smoothing the effect on the
edge of the wmdow)
Sleep Balance=W(0)SD(0)+W(1)'D(1)+W(2) SD(2)+

Bull stl on (I:Spout:BIIBllv ilix'I'cdsulg wi:lghl Bs Ihui:
elapses)

nl. Tile user is supposed to have the higher readiness the
more he/she has slept durmg precedin 2 weel s

ReadinessContributors(2)=83+30'(SleepBalance/
SlccpDcviatlon)).

In practical terms, maxunal contribution to the daily
rcadincss. by Slcxp2 Balunce, Is aclucvcd lor
example when avera e two week sleep time is lxlth
7-9 lmurs mid exceeds ion term average sleep time
by 15-20 minutes. depending on that average.

3 Activityl Last dny
u Z-index is calmildtcd for total daily movemcnt

Z uldex 3a (Ibom ilia/ance, steps, kcdl aud/or cquiva-
lcnt kilomctcrs ctc.) m a sinnlar way as prcscntcd above
for the sleep score when estimating the contribution of
Sleepl previnus night quality (i e utilixing user spe-
cific average and deviation. and controlhng if user
specific average is a good value to be the proxy for a
normative reft:rcncc poult (acceptable lunits c.g. 4-20
km/day). Correspondingly, Z-index is calcuiatcxI sepa-
rately for vigorous ultensity acuvity Z Index 3b (from
time or Mli I'minx or keels accumulated at high inten-
sity exercise) and sedentarv behaviour ! index 3c
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(c.g. accumuluted dally sex)entary tmle Or number of
inactive periods that last longer than a pre-deternuned
threshold period of e.g 30 minutes, or their combula-
tlou)

o. The user's readiness is the lower the hi her his/her total
dsaily movement has been (in kcal, distance, steps, eq.
lun, ctc.), Ihc morc vigorous and morc sedentary acnv-
ity he/she had durulg thc previous day. In a prefcrrcd
embodiment nlore value is given to vigorous/intensive
physical activity In our example vigorous intensity lil

accumulates also total activity, this arrangement leads
to pronounced efl'ect of vigorous intensity. More sed-
entary day also decreases the readiness.
ReadulcssContnbutors(3)=85 — G "(Z uldex 3a+

Z index 3b+Z index 3c, In prdctmal tcnns maxi-
mal contribution to the daily readiness, with regards
to the physical activity of the last day, is achieved
after a day ivhich has about one third less of total
activity, vigorous activity, AND sedentary time com-
pared to long term avemsges. The contribution ls Io
weaker both with very linlc aclivily, Or excess of
IIC(IVity.

4 Activity2 balance
p A iveighted 2-iveek measure of user's daily activity ls

calculated m an analogue way to sleep balance above
including the checks. Total activity can be expressed in
eq, km„kcal or kcal/body weight, steps and so on.

q. ReadulcssContnbutors(4)=100—GO"abs(0.25+(Acnvl-
tyBalance/ActivllyDcvlation)). In pracncal terms
nlaximal contribution to the daily readiness. v ith lo
regards to the physical activity of the last day. Is
achieved when average two week total activity ls
IO-60szs less than long tenn average toml activity (the
margin depends on user's long term average nnd daily
iariability in long tenn acnvlty). Increasing distance ls
from that lcvcl in mther way decreases Ole contnbulion
10 lhc rcdtlalcss.

5 130dy Responsel 'temperature
r. 1he v earable device, such as the ring. can be pro-

granuned to record user's maximal stable tempermue do

during the night, or during certain time of the night
when ring measured distal body lcmpcrature best
matches with thc body tempera turc. Ii may bc favorable
10 nldl I: lhc nlcasurcnu:nl when ctirc bodv lcnlpcla!Urc
is the lowest ln circadian variation i.e typically
betiveen 2 and 5 a m

s. In an analogue v ay to parameters 1 (last night's sleep)
and parameter 3 (previous day* s activity), Z-index 5 ls
cd)cilia(cd for night))'cnlpcldnuc rcBdulg. Tlu: User
luis thc lower rcadincss thc more lus/her nlghl time o

tempcraturc dcviatcs from his,'hcr long tenn mean,
takin his/her nornlal venation into account

t. It is more certain that an elevated tenlperature is causing
decreased readiness compared to a lowered tempem-
ture, as the latter can sometimes be a measurement ss
error: lf Z index 5&0.15. RcadulessConlributors(5)=
105 —25BZ index 5: elsclf Z mdcx 5& —0.50, Rcadl-
nessContributors(5)=IOS+IOBZ index 5; else Readi-
ness('ontributors 5 100, end.

0 In favorable solution w:omen's period/menstrual cycle io
is taken into account sn that the biphasic temperature
(rise in the middle of the period and fall in the end) ls
taken ulto account so that sensitivity to a sickness. for
example. Is not lost.
In practical Icrms llm lughcst contnbul ion 10 readiness st

by body temperature reading is achieved ivhen the
til tered body tenlperature that was determined during

16
the night dlllcrs from long tenn avcragc by less than
04 (.', the exact nunlber also depending on the
normal variability of the user's tenlperature.

6 13ody Response2 l(eating IIR
v. Vser's readiness is the lower the more lfls/her restin

HR deviates from his/her norm in a favomsble solu-
tion there ls some asynunclry. us lt sixms lo be a sign
of good recovery and a poslnvc physical training eflccl
tn have resting heart rate little below nonu

w In an analogue ivay to parameters 1 (last night s sleep)
mid parameter 3 (previous day's activity) and param-
eter5 (body tempemsture). Z-index 6 is calculated for
nightly resting HR readin .

x if Z index 6'&— I, RcddulessCoulnbutors(6)=87.5—
30BZ index 6, cise RcadlncssContnbutors(G)=116+
16BZ index 6:
In practical tenus, the highest contribution to readiness

regarding this parmneter is reached when resting,
heart rate is 2-5 bpm below long teml avemsge
(margin depends on variability and average value of
thc long term HR). Strongly negative values indicaie
only shghlly dccrensed readuless, wlulc elcvalcd HR
is a clear indicator of negative contnbution

7 Body Response3. 13edtime or sleep accumulated after
I IR has stabilized

y. One body response parameter within the readiness
score is the amount of rest after reaching re~ting zone
Of heart rate. This ls influcnced by for cxamplc alcohol
consunlption, ht:dvv cllnng Or a 100 ullcnsc spoil flic hl
the evenhlg

z. 'I'he user has the higher readiness the nlore bedtilne
he/she has accumulated after he/she has got within 1-3
bpm to his/her HR minimum.

m. Z index 7 is calculated in an analogue way to Z in-
dcxcs explaulcd dboi c. Thc acceptable range Ibr nor-
mative user reli:rcncc can bc Ibr cxamplc 4-7 hours.

U RciuhncssContnbutors(7)=85+1 SBZ index 7,
In practical terms the hi hest contribution to readiness

regarding this pamsnleter is reached lf user has accu-
mulated 5-7 hours of bedtime, preferably sleep, after
the lov,est heart rate period of the night has been
rcachcd (margin depending on long tenn avcragc and
dcvldlion 01 lhdl tune)

All RcadlncssContnbutors have bccn sca)cx) bctwccn
0 .. 100. Ilinally it is useful to check that the scale is
maintained as some of the equations presented above
may result in numbers that fall outside this scale.

for i=i:size(ReadinessContnbutors), lf ReadinessCon-
trtbutots(i)&0, RcadinessContnbutors(i)=0, clscif
RcadlncssContnbulors(i)&100. ReadlncssContributors
(i)=100: end

I'he present disclosure fiirther relates to a user interface
cmnprising an area indicatin a readiness score of the user,
an area indicating paranleters aflecting the readiness score
and nn area indicating chan e of at least one of said
parmnelcrs with respect io;m carhcr point of umc. Some
cxlunplcs of suitable user interfaces are given below in
connimtlon with lhc drawmgs. The user lntcrlhcc may Ibr
exanlple include indications on readiness score im a three-
level scale. such as bad, avemsge, ood Ditferent compo-
nents of the readiness score may also be shown, as well as
their influence on the readiness score. The user interface
nuly Blso ulc)Udc II ptlsslblhty'or lhc Uscl 10 suuUhilc
dlflcrmll ways of improving Ihc readuless score. Ior cx mlple
when lhc ideal way to mlproi c readulcss score would bc to
do a physical exercise for an hour, but the user only has a
half an hour available I'he user could then filr example
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clxiosc between d«lbrcnt sports available (o hint her (such as
gym, running or swimming). and choose the one having the
mosi positive cfli:ct on the rcadincss score. Users tlrit are for
cxiunple travclluig and busy with business meetings ctc,
could tlnis nptiniise their use of free time 'I'he user interface
niay alan show past readmess scores as well as v hat has
influenced them.

There are a number of advantages for usin a ring device
instead of a isrist device. For example, many persons prefer
to wear a bracelet or woe(let on his/hcr wrist rather than a iii

mensuring device. Fur)hem!ore, a ring is optimal Ibr mca-
surin IIR.'HlD: optically. as in a finger. tivo arteries are
close to the skin I'hese arteries are on the palm side of the
hand and covered by soft tissue. the wearable ring does thus
not need to be tightened to ensure a good contact to the skin.
Thus the position of the ring in relation to the finger and
sr)cries typically stays very stable although Ihe palm is
turned up and down and in consct)uence, the nn does not
niove in relation to the artenes. Iiurthermore„ in a ivrist there
are two bnnes and turning the palm up and down means that zo

the bones are nvisted which then causes the wrist device to
move with respect to the skin underneath the device and thus
also with respect to the arteries in the wrist. A yet further
advantage is that if thc user wants to change the measure-
ment position duc to inconvciuence ui one fin er (for
example abmssion, nibbing, scar), he/she can change the ring
easily from one finger to another, whereas the choice of
measurement position is more limited for wrist-worn
devices. In case of swellin, the ring can also be changed to
a smaller finger A ring is also a much lighter device to carry so

(IIIIII II ss Cist ilCVICC.

lite prcsmit disclosure provides a method and a system
for assessing readiness of a user Specifically, the method
and the systeni are configured to calculate the readiness
score and provide appropriate instnictions to improve the )I
readiness score against such mental and physical load the
user is subjected to. Further. the readiness score is based on
Indi (litic. cxliilustlvc atid coillptcllcllslvc aiialy'sis of diitiI

(i.c. (hc user's movcmcnt. biologicdl signals aixl thc hke)
which makes the niethod and the system nf the present do

disclosure tn provide appnipriate instructinns to the user.
'I'herefore, the appropriate instructions enable the user to
manage his or her health related aspects (for example sleep,
stress level nnd physical activity).

I)l!'I'AII III) l)i!S('RIB)'ION Ol'HII l)RAU/INGS

Referring nou to the drawings. particularly by their
rel'crcncc numbers, FIG. 1 is a schcmauc illustrauon of a
system 100 for assessuig rcaduiess ul a user. ui accordance o

with an embodiment of thc prcscnt disclosure. The system
)00 includes a nng 102. a mobile conununication device 104
and a server 106 The ring 102 is comnnuiicably coupled to
the mobile cotmnunication device 104 by a conuminication
network 120 and the mobile communication device 104 is a.

conununicably miuplcd to thc server 106 by communication
network 122.

llic ruig 102 is associated with a user (not shown) and
confi ured to nieasure user's movements and a heart rate
associated v ith the user Specifically, the ring )02 includes io
optical electronics 130 (such as at least one photon source
and at least one photon detector) nnd at least one motion
sensor 132 (such as an accclcromcter, d gyroscope. a nuig-
netic lick) sensor or a combination thereof). The ruig also
includes other electronic 134 configures! (o collect and ss
analyse raw data (i e data of the motion sensor and the
optical electronics) The other electronic cnmponents 134

include but Is not limited to a controller, a microprocessor.
a memory and a communication mndule

'I'he mobile cnmnmnication device 104 and the server )06
are configured tn collect the raw data generated by the ring
102 Further. the server 106 are configured to perfoun a deep
data analysis of the raw data in order to find heart rate
vanability, hypnogrmn. stress level and thc like. It Is also
possible that part or all of the amilysis Is performed by the
nxibile con)munication device, iil wltich case the server is
Illcorporatcd ili Ilia lilolulc comnlttlilc;Itloli device. Also. tile
nxibile coinmunication device 104 and the server )06 are
configured to perform long data, trends and cross-correlation
analysis of the deep data analysis in order to calculate a
readiness score (i.c. based on tlm user's movements. heart
rale, heart rate variabiliiy. hypnogram and stress level).
Moreover, based on the readiness score the user is provided
v ith appropriate instnictions to improve the readiness score
against the Inental and physical load the user is sub)ected to
Specifically, the mobile conununication device 104 is con-
figured to I isually present the readiness score to the user
with thc help of various user uitcrlaccs (or a ~ingle interface
incorporating all Ihc uifomiation). Thc user interfaces are
based on (or include) information related to the readiness
score, the instnictions and Iksta associated with user's move-
ment, heart mate, hypnogram. heart rate variability and stress
level. The rav: data analysis niny also be used to deteunine
another sleep factor than hypnogram. as explained above.

Referring now to FIG. 2. shown Is a schematic illustration
of a ring 200 worn on d finger 202 fiir col lccung a heart rate
of the user, in accordance with an embodiment of the present
disclosure Specifically. the ring 200 is configured to collect
the heart rate of the user (durina both an activity period and
a rest period) using the optical electronics 130 (shown in
FI(i. I) As shovvn, a measured gmsph includes a heart rate
pulse wave form 210 as Ihnction ol'mc. The mcasurmuent
is done by mcasunng a change of blood volume usuig PPG
of blood vessels 220. Furlhcr, I'rom thc wave Ibnu 210 an
inter beat interval (Il)i) is determined ')lie II3I is the time
between tv;o beats such as tinie t I and t2, and is also referred
to as the heart rate.

Moreover, from the wave form 210 a heart rate variability
(HRM) cmi be dcternnncd by subtracung utter beat uitcrvals.
for cxamplc t I — t2. Also, a respiration rate can be dc) ernuncd
from thc wave foun 210 by analyzing peak values. As
shown, a respiration curse 230 is based on the peak values,
v hich cnrrespond to a mare of breathing of the user. 'Ihe
respimtion curve 230 is used to analyze exercise impact and
recovery of the user together with other heatt mote related
indications (IBI, heart rate. heart rate vanability). It to be
understood that the heart rate !suability and thc rate of
brcatlung may bc calculated by thc mobile commuiucanon
device 104 and/nr the sets er 106 (shown in Iil(i I), as a part
of the deep data analysis. The ring 200 is also configured to
measure user*a movement. which is explained in conjunc-
tion with FI(f. 3.

Referring now to FIG. 3. shown Is a schematic illustration
of a graph 300 rclatcd to physical activ«y data of thc user Ibr
a week, ui accordance with;m embodiment ol'hc prcscnt
disclosure Specifically, the graph 300 shows data collected
from the motion sensor 132 (shown m I'I(i I) for a week
(i e. Mon-Sun) for both the activity period and the rest
period. As shown, the data shows more movement on the
time vs hen the user is awake (i.e. during tlm activity penud)
than when thc user is slccping (I.e duruig thc rest pcnod).
Based on such data d sleeping pauern (when thc user went
to bed and when v,oke up) can be deterniined Also. a total
mnnber of hours the user slept on a particular mght can be
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dcternnncd. For example, as shown, on Mon the user slept
filrm about 9 pnl to 6 ani (i.e total of ') hours sleep), whereas
on 1'us the user slept form about 12 am to 6 am (i e total of
6 hours sleep).

Referring now to FIC). 4, shown is a schematic illustration
of a hypnogram 400 of the user, in accordance with an
cmbodimcnt of the present disclosure. The hypnogriun 400
IICplCB a qUBII(y'l SICI:p tilt: Usi:I hail iiil a pal tli:UIBI ill hl.
Specihcally, the hypnograni 400 is determined using a heart
rate lvave form of the user for that particular night qhe Io

hypnogrmn 400 is used to analyze sleep quality and stages
(i.e. deep. light„REM (Rapid eye movement)). As shown,
the hypno~vam 400 includes various stages of sleep i.e.
REM 402, light sleep 404 tmd ikep sleep 406. Also, thc
hypnogrmn 400 utcludcs inihcattons 408 when thc user is
alvake (i.e. before attaming sleep and after getting up front
die sleeP)

Referring now to I'l(i 5, shown is a schematic illustration
of a graph 500 related to collected heart rate of the user for
nvo nights. in accordance with an embodiment of the present Io
disclosure. Thc raph 500 shows thc collected heart rate of
thc user lor two dtllcrcnt ntghts. fir example last two iughts.
As shov n. a heart rate wave foun 502 depicts an example of
a 'good night sleep'ssociated with one particular night 1 he
detemiination of the good night sleep is based on the wave
foun 502 (which may be associated with o 'normal day'f
the user) bavin a measurement i.e. lowest HR 41 bpm
(beats pcr nunutc) at about 5.15 (6 hours 15 nun of slccp).
Also. dctcrnunatton of good sleep is substantiated wilh thc
user's feedback I it

'lite raph 50U also shows a heart rate wave filrm 504
depicting an exanlple of a 'bad night sleep'ssociated v ith
another night The determination of the bod night sleep Is
based on the wave form 504 (which may be associated with
B dav wilt:Il tilt: Usix ihd Ioo Illitch I:xcrcisc just bcfilre ls
slccqtutg). For example. the wave litnn 504 includes a
mcasurcmmit I C. lowest HR is 47 bpm at 7 50 AM wluch is
8 hours 15 min after bedtime. showing dramatic change
betlveen the two days. 1 herefore, the wave filnn 504 shows
that the heart rate decreases ~lowly down to normal resting so

pulse and tints disturbs the sleep. Based on such measure-
ments the user may be instructed to case up filr exiunple 2
hours bcforc prcdictcd ~ lccping tune to make sure flat thc
bean rate is not too high dunng the slccpt penod.

Referring now to I'l(i 6, shown is a schematic illustration
of a provocation measurement of the user. in accordance
with an embodiment of the present disclosure. Specifically,
the FIG. 6 ill ustmstes a Umph 600 with a heart rate w:ave fomt
602 associated with a provocation measurcmcnt (I.c. when
thc user stands from a lying position). For exiunple, while o

thc user lies in bed ui the morning after a mghl of sleep, the
heart mare measurenlent begins at tiine I'0 1'hereafter. v hen
the user stands up, the heart rate measurement begins at time
Tl. The user stands still and pulse data is measured for
subsequent times T2-T7. Further, the stren. th ofphysiologi- ss
Cal pIOVOI:iltlittl/IIC(IVI(v ls tllCBSUICII ilililllg CBC11 pll'ISC Wltll
all accclclolllcti:r.

Rcfcrring now to FIG. 7, shown is a schematic illustration
ofvarious stages involved in calculating a readiness score by
the system IUU. in accordance with an einbodiment of the io
present disclosure. As shou n in FIG. 7. the calculation of the
readiness score includes the followin stoges. for example,
a lira( stage 702 which rclatcs to mcasurmg mv, data and
basic airalysts of thc rtiw data. Further, a second stage 704 is
rclatcsI to thc deep data analysis, I.c. when thc mobile ss
comnnmication device 104 and the server 106 (slxlv n in
IIICi. I ) are contigured to perform the deep data analysis of

thc raw data in order lind vanous health related aspects of
the user. As shown, the second stage 704 includes determin-
ing the hypnogranl 4UU. the deternlining of heart rate vari-
ability to compare sleep quality (shown with the graph 500)
and the provocation measurement (shov n with the raph
600).

It may bc evulcnt Io those skilled ui thc that thc almond
stage 704 also includes venous other kutds ol'measurements
such as the respiration rate, the stress level nieasurement and
the like Moreover, III(i 7 also illustrates a third stage 706
which includes long data. trends and cross-correlation analy-
sis of the deep data analysis (i.e heart mote variability, sleep
factor. stress level and the like measurement periilrmed in
thc second stage 704). Based on tlu: measuremcnt associated
wilh tlm lhird stage 706. a readiness score is calculated.
v hich is an indication of a level of readiness of the user
liurther, appropriate instructions are provided to the user filr
iniproving the user's readiness score As shown, an appro-
priate instruction 710 includes "You recovered from your
exercise very nicely. Resting heart rate 30 minutes after the
exercise while situng is 59*k

Rcfi:rring now to FIG. 8. shown arc steps of a method 800
for calculating a readiness score by the system 100. in
accordance with an embodiment of the present disclosure
Specifically, the method 80U depicts the venous stlges
involved in the measurement of the readiness score, as
explained in conjunction with FICi 7

At stage 802, raw data ts collixtcd and analysed by a
wearablc device (such as the ring 200). Thc raw data is
associated with the user's movements and the heart rate

At stage 802, deep data analysis is performed on the raw
data using algorithms in a user communication device or a
server Specificaily, the deep data analysis is performed in at
least one of the user conununication device and/or the
scrvcr The dccp data analysis provides various hcaldl
related aspects associated with Ihc user such as thc heart raie
variability, respiration rotc. sleep factor, stress lcvcL provo-
cation measurement and the like.

At stage 806. instnictions are pmvided to the user based
on long data. trends and/or cross-correlation analysis of the
deep data analysis. Specifically, a readiness score is calcu-
lated from thc various data. such as thc heart rate variabilny.
rcsptration rotc, sleep factor. stress level, provocation mea-
surcmcnt and thc ill e. Thcrcaftcr. Bppropnate utstructions
are provided to the user filr improving the user's readiness
score against the mental and physical load.

Referring nolv to FIGS. 9-12, shown are schematic illus-
trations of user interfaces rendered on a mobile communi-
cation device, In accordance with venous cmboduncnis of
the present disclosure.

FICi 9 shows a user uitcrfime (UI) 900 rmtdcrcd on the
nxlbile conununication device (such as the niobile commu-
nication device 104 of IiIG I) As shown, the HI 900
provides statistical infomtation related to a particular night'
sleep (for example Lest night's sleep). For example, the III
900 provalcs infonuauon about thc venous stages of slccqt

(I e. the REM, thc light sleep and the dec)I slccp) for a
particular night. Furlhcr, thc UI 900 provides information
related to tveekday and date. such as 'I'uesday Night-Nov 4,
2014'lso, the I/I 90U provides inforniation how well the
user slept (filr example 'You slept v,ell last nivght*). More-
over. the I/I 900 provides information when the user w ent to
slccqt, when the user woke up and how long thc user slept
(for example thc user went Io sleep at 10.12 pm, woke up at
6.27 iun and slept for 8 hr 15 min) Also, thc Ul 900 pmvtdcs
information about Resting I iir and sleep quality (filr
exanlple 58 bpm and 90'%espectively) liurthermore, the HI
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900 provides u&l'onnauon rciatcxI to mcasuremm&t of thc
various stages of sleep (for example, deep sleep I hr 54 min,
Rl IM 2 hr 15 min, awake 2 min and light sleep 2 hr 45 n&in).

llCi 10 shows another user interface IOI)tl rendered on
the nn&bile cotmnunication device. Specifically. the Ui 1000
shows a sununary report for a user (Ii&r example Hannu) for
boih menial and phys&cal changes as irends. The IJI 1000
provides correlauon ol'phys&ology, behav&or anil subject&ve
feedback on feelings l&or example, the Ul lt)00 provides
trend of feelings (& e how the user has been feeling since last ia
couple of days Mon, 'lue and today) Also. the iJI II)01)

provides infonnat&on about performance a ainst and recov-
ery from prolonged stress. As shown. the I JI 1000 provides

current readiness score (&.c. '*Rowdiness 10%") and an
instrucuon "Your rcadu&ess is a 1&ule low today. Moderate
intensity exercise could improve your readiness and nx&od".
'I'he U I 1000 also provides a readiness score trend based on
past days. I&urther, the III 1001) provides a sleeping trend
(current and past sleepin data) and a conm&ent based on the
sleeping trend. For example, the IJI 1000 shows that the user &o

slept Ibr 8 lu 4 m&n on Tuesday night and Q&e con&n&cnt *'You

slept well last rught, but you still havesomc sleep debt fi&m&

previous

nights*'I(J

11 shows yet another user interface 1100 rendered on
the mobile con&munication device Specifically, the i JI 1101)

is associated ivith proposals for the user, which can help the
user to understand v hat afiects physiology and feelings of
the user and whut thc user can do io improve thmn. As
shiiwn. &hc Ul 1100 prov&dcs an appropnatc ms&rue&&on (or
pmposal) associated w&th recovery of the user that may be &o

after physical exerc&se, i e. "You recovered from your exer-
cise very nicely Resting heart rate 30 &ninutes after the
exercise wlule s&ttin: 59*1 Also. the UI 1100 provides an
appropriate instruction associated with sleep of the user. i.e.
'*Your REM sleep was qu&te short last night. Fmdmg a fcw &i

nnnutcs during thc day io close your cycs and relax. w&ll

help you rccovcr". Further, the UI 1100 provides m& appro-
priate instruct&on associated w:ith physical activity of the
user, i.e "You were a b&t below your usual activity level
today. Try and get back on track tomorrow**. sa

FI(i. 12 shows another user interface 1200 rendered on
the mob&le conunumcauon dcv&cc. Spccfiicallv, the Ul 1200
is associated w&ih updates of a pariicular day fi&r a user
(Anthony). As shown, thc UI 1200 pruv&dcs a latest update
gust no&v) about physical activity, i e. "(ikl IA'I .IOI I' 1&r 24
min of light activ&ty". Also the IJI 120(I pn&vides a past
update (4 m before) about the physical activity. i.e, "KEEP
PIJSHING Only 0.5 miles more needed to reach your goal.
You can ilo &t!". Thc UI 1200 also include past update (4 m
bel'ore) about user's fcixlback regarding Q&e phys&cal aci&v- o

iiy, i.c. "Sta&text u ne&v schedule tlus week, I lx&ur ago" The
U I 121)0 also includes an old update (at 8 45 am) about the
user sleep. & e "I.ast night you slept 30 min more than
normal Sleep duration 7 hr 45 min. Additionally. the user
interface 1200 depicts the readiness score of the user, i.e. &s

about 9054v

Rcfcrring now to FIG. 13, &ilustratcxi are steps of a method
1300 for assess&ng read&ness ol'a user, in accordance w&ih an
embodiment of the present disclosure Specifically. the
method 1300 illustmtes the steps for assemsing, readiness of ro
a user using the system 100, explained in conjunction with
the FI(iS. 1-12.

At stol& 1302, the user's movcmenis is measured dunng an
acu»ty pcnod and a rest pcnod.

At step 1304. thc user's bios&goal (at least onc) &s mmi- si
sured durin a rest pened 'I'he biosignal may be for example
derived as explained below in connection with I&I(i 15 At

an opt&onal stol& 1306. the user's b&os&gnal (at least onc) is
measured during an activity penod It &s to be understood
that step 1302 and the optional step 131)6 are typically
perforn&ed siinultaneously

The method may also comprise a step where various
features are generated based on the measured b&osignals.
The fi:aturcs include for cxrunple IBI and heart rate and their
d&siribut&on, zero crossing parameters and thc&r d&stnbut&on,
mitocorrelation parameters. amplitude variation and its dis-
tnbution, and so on

At step 1308. a sun&mmy for the activ&ty period is
detenn&ned, based on the measured movements.

At step 1310. a sununary for the rest period &s detem&ined,
based on the mcasurcd biosignal. Thcrcufter, u& step 1312, a

body rcsponsc sunuuary &s detcrm&ned, based on stol&s 1308
and 1310 lt is to be understood that steps 1308 and 1310 can
be performed in either order or simultaneously

At step 1314, a readiness score is calculated based on the
measured movements. and body response parameters based
on steps 1308-1312, whereby the readiness score indicates a
lcvcl of rcixiiness ol'he user.

Thc steps 1302 to 1314 are only &llustrat&vc and other
alternatives can also be pmvided where one or more steps
are added. one or n&ore steps are ren&oved. or ime or more
steps are provided in a different sequence without departing
from the scope of the cksims herein For example, the
method 1300 may further include provid&ng the user with
appropnaic insirucuons, related to ut least one of phys&cal
activity and mental ac&tv&ty. Ior improvu&g thc user*a readi-
ness score. Also, the method 1300 may include using also
historical data of the user to calculate the readiness score

l&I(i 14 is a further schematic illustration of a user
interface in accordance with an embodiment of the present
disclosure. The user interface 1400 is rendered on a mobile
conumuucat&on dcvicc. Spccilically, thc upper part ol'ihe Ui
1400 is assocratcxI with a rendu&ess of ihc user sunuuanzu&g
dais over scvcral days. Thc rcadu&ess graph 1406 may also
be compared to subjective feelings 1408 that are collected
based on user input Readiness &s a sun& of the measured or
estimated physical and mental resources that are in ideal
case scaled according to the user's own norms. As shown,
thc UI 1410 may also express the rrmd&ness ol'ach day as
a mau& proposal associated w&ih it, c.g. **Take &I cas&er today
to recover" g&vcn on Saturday 7/4/14. The lower part of thc
I I I displays graphically the neaative 141)2 and posit&ve 141)4

contributors for readiness on each day 'lhe size of the
gmphical obstacies represents their sl~lficance (magnitude
or seventy), and the color (intensity) represents positive or
ncgai&vc sign. Negative contributors can be e.g. sleep debt
asscsscd over scvcral nights 1402, slixp d&sturbancc of
previous &ughi or abnom&al body responses c.g. higher than
typical night tin&e heart rate. Importantly. on each day there
can be both positive and negative contributors that may at
least partiaily compensate for each other. Positive contribu-
tors can be e.g. optimal physical activity on the previous
days 1404.

FICi 15 &s an &llustrauon of steps of a method &n accor-
dance w&th a further mnboduncnt of thc present d&sclosure.
In step 151)tl. inovement data is measured during an activity
period (in practice with an acceleron&eter, gyroscope. etc. or
altematii ely from a motion artifact of a b&osignal such as an
electrocardiogram (EKCi). a PPG. an electromyogmm
(EMCi), or dais Ibom global posiiionu&g system (GPS)). In
an altcmaiive step 1502. movemcnt data is measured dunng
a rest pcnod (&n pracuce with m& accclcromeicr, gyroscope,
etc or alternatively fmm a motion artifact of a biosignal
such as IIK(i. PP(i, I,M(i). In a yet alternat&ve step 1304,
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corresponding to a prefbrrcd case, also a biosigixil (EKG,
PPCi, IIM(i, an electrodennal activity (ill)A)) or annther
measurement associated with breathing (for example a
breathin rate with inipedance measurement or tennistor,
sensor attached to bed. microphone, video recording) is
measured. In a still hirther alternative step 1506. wl»ch is
also preferred, thc user's sublixuvc mput on prcvailuig
lixluigs is rcqucstcxt via a scnes of qucsuons. The question-
naire may be synched to match-time, rise-time, or start or
end times nfcertain activity or rest parameters as deternuned
based on steps 150U-1504. All of these steps can be per-
formed either sinuiltaneously or in sequence. Os the case
may be.

In step 1508. based on thc results of step 1500, an activity
sumnuiry Ibr thc thty is dctcnnincx(, uicluding one or morc
of the following active tinie, steps. distance. energy expen-
diture, trainin impact/load, distribution of intensity/speed/
step rate. time of activity in respect to bedtiine. etc. If need
be, results from any of the nther steps can also be used for
this detemiination In step 1510. based on the steps 1502-
1504, a rest summary for thc iuglu is dctennined, including
one or morc of thc followuig. bcdtune, rise tune, total sleep
duration. sleep disturbances, hypnogram, lowest hear rate,
averaae heart rate, biosignal amplitude variatinn. heart mate

variability, restlessness etc
In step 1512 and based on steps 1508-1510, a body

response sunmiary for day to night. or activity period to rest
period, is dctcnnincd Thc body rcsponsc parameters may bc
c.g. (rduung impact vs. heart rate rccovcry speed. daily
physical activity parameter vs. amount of deep sleep or
loivest heart rate of the night. 'I'he body response may also
be chanaes in body signal as a response from rest to stand-up
at rise time as detemiined based on steps 1500-1504.

In step 1514 and based on the user's history. a distribution
Ol pdrdlliCICr 111 Bctivlty Blld ICS1 SullllllBrv 1S CBlcidan:il, ill
order to use them as user dependent reli:rance values (c g.
mc;m, standard deviation, pcrccntiics). In step 1516, sub-
jective feelings are correlated with activity and rest suni-
niary parameters over different time constants and delays in
order to find user dependent reference values that cnn be
described e.g, with words as sub-optimal or optimal. In a
further snp 1518, based on thc user's own data (history
database) activity or rest parameters are correlated with thc
followuig days'ctivity or rest partmietcrs or rwiduicss
scores in order to provide supportive feedback how user has
earlier mans ed to recover from clmllenging situations.

In step 1520 and based on steps 1506-1518. the relevance/
significance for each activity and rest parameter is correlated
in rcspcci to esnmated rcaduiess using thc user-independent
and user-dcpmidcnt scales. Finally, in step 1522 and based
on steps 1506-1518, thc rclevancc ol d number of prc-
detemiined textual advice is computed, and the mnst rel-
evant of them is selected

FIG, 16 is an illustration of steps iiir calculating readiness
score 1650 for a user. In a first step set of parameters is
mensurml with B nng 1600. The ring is coniigurcd to
mensurc heart rate (HR) 1602, body tcmperaturc 1604 and
dcxw iiy 1606. Accelcromctcr is used to mcasurc thc activity
(606. IR is used to measure heart rate (IIR) 1062 'Iempera-
ture 16U4 is measured with tempensture sensor 'I he tens-
perature 1604 refers to body temperature of the user.

Sub parameters 1610 are calculated using the measured
parmncters usuig algoritlun 1630. Sub parameters 1610
include sleeping (uncs of previous tluec mghts. Siccpuig
nme of last night is 1612, shxping tmie of mght belbrc last
night is (614 and sleeping time of two nights before last
night is 1616 Sub parameters fir(her include activity level

sc

Thc uivcntion claimed is:
I A method liir asscssuig readuicss of n user. the method

ColllprlSlllg:
obtaining the user's movements:
usin the obtained user's movements to determine a

nature of the period, wherein the nature of the period is
selected from an activity period and a rest period;

measuring at least onc bios ignal of 1hc user during thc rest
pcnod,

dctcmniung a rest sunnnary for thc rest pcnod. based on
the measured at least one biosignal and at least one
biosignal of a previous rest period;

parmnetcr I 1618 dnd ac(nity level pnrnmetcr 2 1620.
Further sub parameters include hrst heart mote parameter
1622 and second hotrt rate parameter 1624 Thc sub param-
eters 16(0 are used by second algorithm to determine
readiness score 1650.

lii(i 17 is an illustration nf user mterface view 1730 The
view 1730 has indication 1750 for indicatin neutral value.
Values lefi front the neutral value are considered as negative
values and values from right are considered as positive

1 I i
values. According embodunmits user view 1730 cmi be
configured also to show negative values can be in right and
positive in lefi. Rcaduicss score is rendered to user in area
17(0. I'he value nf the readiness score is indicated with a
graphical clcmcnt 1740. Sub parameter vnlues related to
sleep of previous nights. heart rate, activity. teniperature are
rendered in the areas 1710, 1712, 1714, 1716. 1718. 1720,
1722, (724. Value is indicated with slider bar 1742

Based on embodiment user can use pointer such as finger
to move slider bar 1742 to simulate readiness score value
1740 as shown in user view 1732. In an example user has
sclectcd to drag sider bar 1742 of areas 1718 and 1720 (in
present example activity I and activity 2) to direction
indica1cd with arrow to simulate cffect of adduig morc
activities to the day. The user can see in the user view (732
tha1 thc recover index shows more positive ~ ign if thc user
adds activities (such as moving)

FICi 18A. FIG. 18B and FIC). 18C are illustrations of
alternative user interface vieivs 18UU, (802. (804 respec-

t i) tively The user interfaces shots readiness value 1810 and
positively affbcting sub parameters 1830 and ncgativcly
afi'ectuig sub parameters 1820. User interface can be ihrther
conftgurcxl to indicate trend of thc readuicss by aiumations
ol

ill
iiws nr siniilar 

'I'he user interface can be in addition
configured to cnablc user to test unpact ol each sub partun-
eters for the readiness vahie.

Further different colors can be used for differentiatin
"plus or niinus** values I'or example green has a positive
meaning and red a negative one. ('Olors and left-right bars
cmi be used also to ether to visualize and emphasize dif-
ferent parameter values and their contribution. Also difibrent
shades of colors can be used. The shade can be darker or
llgli1CI if a pBldlllCtci i dl lie 1S lilgllCI'r IOWCr.

Modilications to cmbodnnents ol'lm prcscnt disclosure
described in the tiiregoing are possible without departing
from the scope of the present disclosure as defined by the
accompanying claims lixpressinns such as "including",
"comprising*'. "incorpomting"„"have'*, "is" used to describe

so and claim the present disclosure are intended to be construed
iii ti iioii-cxClllsivC IlitlllliCI; IlillllCI)'llow iilg for 1(ClllS.

components or elements not explicitly dcscnbcd also to bc
present. Reference to the singular is also to be constnied to
relate tn the plural.
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dclennining mi activity summary for Ihc aclivily period,

based on the obtained movements of an activity period
and obtained niovements of at least one previous activ-
ity period;

detemtinin a body response sunmtary based on the rest
sununary and the activity slutunary;

calculating a readuicss score based on die body response
summary aud a previous body rcsponsc sununary,
whereby the readiness score indicates a level of readi-
ness of the user: and I it

using a user interface of the Inobile communication
device to show elements contributing to the readiness
score and instructions related to physical activity and
mental activity lbr Improving Ihe readiness score.

2. A method uccording lo claim 1, whcrcui obtaining thc
user's movements is perfornied by measuring the user's
nlovements or by retrieving the user's Inoveinent data front
a separate device.

3. A method according to claim 1. hirther composing
measuring at least one biosignal durillg the activity period. Io

4. A mcllnid uccording lo claim 1. wherein lhc at less! oue
biosigual Is sclectcsl from thc group consisung of an clec-
trocardioaram. a photoplethysmogrmn. an electromyogrant,
an eleclroocylogram, a heart rate. a heart rate variability, a
body temperature, a resting heart rate, an average heart mate

and siytals related to breathing.
5. A method according to claim 1, wherein determining

Ihe rest sunuuary compnscs at least one of delennining a
slcc31 lhclor, dctcnnining a slccp balmicc, dctenuimng low-
est body temperature during rest and determining a resting sc
heart rate

6 A niethod according to claim 1. further compnsing
providing the user with appropriate instructions, rehsted to at
least one of physical activity, mental activity and rest. for
improving thc user's rcaduiess score. ls

7. A method accorduig to claim 1. tutthcr compnsing
using medical lustory of thc user to calculate lhc readiness
score

8 A system for assessing readiness of a user. the systent
conlpllsirlg: 10

a ring contigured to be v om by the user and composing
mc;ms lbr mctmuruig at least onc biosignal of lhc user
duruig a rest penod,

a mobile conunurucaliou device conligurcd lo conunum-
cate ivith the ring,

nlciins fiir nlcasurulg lhc user s niovi:nlcnls filling an
activity period and the rest period. and

a server coniigured lo conununicatc with Ihc mobile
cominunication device, the server being operable to
usc Ihc measured user's movemcnts to dctennine a

nature of the period. Ivherein the nature of the period
is selected from the activity penod and the rest
period,

determine a rest sununary for the rest period. based on
thc mcasurmi ai least onc biosignal and at least one
biosignai of a previous rest period,

delcrnunc an acus ily summary for thc activity penud.
based on the measured movements and measured
movemcnls of al leasi one previous activity pcnod,

determine a body response summary based on the rest
summary and the activity sutmnary: and

calculate a readiness score based on the body response
summary and a previous body response sununary,
whereby the randiness score Indicates a lcvcl of
readiness of the user: and

a user inlcrlhce of thc mobile conununication device
configured to show elements contributing to the readi-
ni:ss scole anil uislriicnons rchilcil 10 physical Iiclivllv
mid mental activity for improving the readmess score

9 A system accordmg Io claim 8, wherein the means lor
measuring the user's movements are arranged on the ring, in
the mobile communication device or in an activity determi-
nation device

10. A system according to claim 8. wherein the mobile
conuniiniciition ilcvtcc ls conhgiili:il to visually'lcscnl lhc
readiness score to the user.

11. A system according Io clmm 8, w hcrcin thc melan lor
measuring the user's movements is selected fnim the gmup
consistin of an accelerometer, a gyroscope and a magtetic
field sensor.

12. A system accorduig to claim 8. w hcrcin thc means for
memuring at least onc biosignal compnses a photon source
arranged on Ihc inner surface of thc nng and a photon
detector arranged on the inner surface of the ring

13. A systeni accordina to claint 8, wherein the ring
further comprises a first electrode and a second electrode
adapted to measure an electrocardiogvram.
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