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(57) Abstract: According to an aspect of the invention there isprovided a portable pulse measuring device. The device comprises a
lighting configuration comprising at least three elements (100, 102, 104, 106) selected from a light-emitting source (104, 106) for
emitting radiant energy through ahuman body tissue and a light detector (100, 102) for detecting the intensity of said radiant energy
after propagation through the human body tissue and for providing input signals representative of said propagation, wherein the
lighting configuration comprises at least one light-emitting source (104, 106) and at least one light detector (100, 102); processing
means for determining pulse rate in response to processing the input signals. The elements in the lighting configuration are arranged
in the portable pulse measuring device in a configuration where the light-emitting sources (104, 106) in the lighting configuration
are asymmetrically disposed in relation to the light detectors (100, 102) in the lighting configuration.
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PORTABLE PULSE MEASURI NG DEVI CE
FI ELD OF THE | NVENTI ON

The present invention relates to pulse neas-
uring devices.

DESCRI PTI ON OF THE RELATED ART

Various pulse rate detection systens are
known in the art. The pulse rate detection devices
conprise, for example, devices that use pressure sen-
sitive transducers such as piezoelectric elements to
detect pulse rate.

Anot her nmeasuring technique is called as pho-
t opl et hysnmography . Photopl et hysnmography is an electro-
optic technique of neasuring the cardiovascular pulse
wave found throughout the human body. The pulse wave
is caused by the periodic pulsations of arterial blood
volume and is neasured by the changing optical absorp-
tion of radiant energy which this induces.

The neasurenent system usually consists of a
source of radiant energy (for exanple, an infra-red
light source) , at least one detector for detecting the
intensity of the radiant energy after propagation
through the hurman body tissue and a data processing
neans for extracting bodily paranmeters such as pulse

rate or oxygen concentration in the blood. For exam-
pl e, the wuse of infra-red light has certain ad-
vant ages. It is relatively little absorbed in blood

and in body tissue and blood volume changes are there-
fore observed wth a reasonable <contrast wth rela-

tively low radiant energy. The wuse of other [|ight
wavel engths is also possible. The use of photoplethys -
nography as a nmeasuring technique is entirely non-
invasive and can be applied to any blood bearing tis-
sue, for exanple, a finger, nail, ear I|obe, nose and
Wi st.
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The light intensity varies together with chang-
es in the volune in the tissue of interest both due to
changes in the path-length between the |ight-source and
the photo detector (due to volune changes) and due to
the changes in the optical density of the tissue includ-
ing blood and liquids (e.g. due to arterial blood pulsa-
tion) . In a honbpgeneous |ayer of blood, the Beer-Lanbert
| aw suggests light intensity to decay exponentially as a
function of distance due to l|ight absorption. However,
no tissue is honbgeneous, and hence in addition to |ight
absorption factors such as light scatter, refraction and
reflection, which all depend on the exact anatony and
geonetry of the tissue, also affect the neasured signal.
Therefore, the total anpbunt of radiant energy reaching
detector is sensitive to sensor positioning and any de-
formations of the tissue.

It is characteristic to a human tissue that
light is highly scattered in the tissue. Therefore, a
detector positioned on the surface of the skin is able
to neasure reflections. These reflections are various -
|y absorbed depending on whether the light encounters
weakly or highly absorbing tissue. Any change in blood

volune will be registered by the detector at the sur-
face since increasing (or decreasing) volune will
cause nore (or less) absorption. Wen the illum nated
bl ood flow pul sates, it alters minly the total ab-

sorption co-efficient of the tissue volune but also
the optical path length and therefore nodulates the
light absorption throughout the cardiac cycle. Non-
pulsating fluids and tissues do not nodulate the |ight
but have a constant | evel of absorption (assuni ng
there is no novenent or other deformation of the tis-
sue vol unme)

The result of the absorption is that any
light reflected from the pulsating vascular bed con-
tains an AC conponent which is proportional to and
synchronous wth the subject's heart punping action.
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It is this nodulated conponent which is known as the
phot opl et hysnographic  signal. A plethysnographic neas-
urenent can be achieved by nmeasurenent of the intensi -
ty of radiant energy transmitted through (transm ssion
node systens) or reflected by (reflection node sys-
tens) body tissue.

In theory, neasuring a pulse rate is a sinple
nmeasurenment - at |east one detector detects the inten-
sity of the radiant energy received via human tissue
and a data processing neans is used to determ ne need-
ed paraneters from the signals received from the at
| east one detector. |In practice, the situation is not
so sinmple especially when the subject is noving. Move-
ments cause deformation of the tissue volune between
radiant energy source and detector which wll cause
changes which are not related to a heart punping ac-
tion in the detected energy in the detector. These
novenent artifacts may be typically manifold as con-
pared to changes in the absorption caused by blood
flow changes, and therefore conplex nethods have been
proposed to conpensate for these artifacts by pro-
cessing neans. One possible conpensation solution is
presented in EP 1 297 784 Al.

In the light of the present art, it is bene-
ficial to mnimze the anobunt of novenent artifacts in
the signal and to keep the proportion of the signal
related to blood flow maximal. This may be achieved by
arranging the neasurement so that the tissue volune
through which the radiant energy propagates before
reaching the detector contains maximal relative pro-
portion of active blood flow ng vasculature, and only
m nimal anmobunt of other tissue volune i.e. tissues in
which blood pulsation is less significant. However,
this has sonme conplications.

First, thickness of skin and other |[|ayers of
human tissue e.g. epiderms, papillary derms and re-
ticular derms, varies between individuals and also
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between different spatial locations in the skin, and
therefore the active blood containing tissue thickness
and depth from skin surface is different in different
i ndividuals and/or spatial |ocations on skin. Further-
nore, blood flow in different |ayers of the skin var-
ies dynamcally between different conditions so that
when skin is cold blood circulation is mniml close
to skin surface while with warm skin blood flow is ac-
tive close to skin surface. These aspects make it
challenging to provide a reliable neasurenent.

In addition, portable pulse rate neasuring
device should optimally have a small size and |ong
battery life to be nbst useful for their users.

Based on the above, there is a need for solu-
tion that would take into account at |east sone of the
above aspects and variances that affect to pulse rate
neasurenents and that would provide a reliable pulse
rate measurenent.

SUMMARY

According to an aspect of the invention,
there is provided a portable pulse neasuring device.
The device conprises a lighting configuration conpris-
ing at least three elenents selected from a |Ilight-
emtting source for emtting radiant energy through a
human body tissue and a light detector for detecting
the intensity of said radiant energy after propagation
through the human body tissue and for providing input
signals representative of said propagation, wherein
the |lighting configuration ~conprises at I|east one
l[ight-emtting source and at |east one |ight detector;
processing neans configured to determne pulse rate in
response to processing the input signals. The elenents
in the lighting <configuration are arranged in the
portable pulse neasuring device in a configuration

where the light-emtting sources in the lighting con-
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figuration are asymmetrically disposed in relation to

the light detectors in the lighting configuration.

In one enbodinent the light-emtting sources
in the lighting configuration are arranged such that
the distances from the light-emtting sources to the

[ight detectors in the lighting configuration differ
from each other.

In one enbodinent the lighting configuration
conprises at least two light-emtting sources emtting
the sanme wavel engt h.

In one enbodinent the lighting configuration
conprises at least two light-emtting sources emtting

at least two different wavel engths.

In one enbodinent the lighting configuration
conprises two light detectors and tw light-emtting
sources conprising a first light-emtting source and a

second light-emtting source wherein the first and se-

cond light-emtting sources emt di fferent wave -
lengths. In one enbodinment the two |light detectors and
the first light-emtting source are disposed along a
first axis, the first light-emtting source being dis-

posed between the two |light detectors on the first ax-
is, and the first light-emtting source and the second
l[ight-emitting source are disposed along a second ax-
is. In one enbodinent the distances from the first
l[ight-emitting source to the two light detectors dif -
fer from each other and the distances from the second
l[ight-emitting source to the two light detectors dif -
fer from each other. |In one enbodinment the distances
from the first light-emtting source to the two I|ight
detectors and the distances from the second |ight-
emtting source to the two |light detectors are chosen
to provide an optimal measurement range in the human

body tissue.
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In one enbodi ment the device further conpris-
es blocking neans for blocking direct 1light |eakage
fromthe at least two light-emtting sources to the at
| east one light detector.

In one enbodiment the first Ilight-emtting
source is configured to emt shorter wavelength visi-
ble light and the second light-emtting source is con-
figured to emit |onger wavelength visible 1ight.

In one enbodiment the shorter wavel ength vis-
ible light conprises green or blue light and the |ong-
er wavelength visible light conprises infrared or red
l'i ght

In one enbodinent the processing nmeans are
configured to determ ne whether a channel conprising a
specific light detector detecting radiant energy from
a specific light-emtting source exceeds a first reli -
ability factor threshold, the reliability factor indi -
cating an estimate of the reliability of the heart rate
reading for each channel, and to select a channel hav-
ing a reliability factor above the first reliability
factor threshol d.

In one enbodinent the processing nmeans are
configured to select a channel having the highest re-
liability factor. In another enbodi nent, the pro-
cessing nmeans are configured to select a channel hav-
ing the |owest power consunption.

In one enbodinent the processing nmeans are
configured to shut operating power from at |east one
ot her channel not sel ected.

In one enbodinent the processing nmeans are
configured to reduce light intensity of the light-
emtting source of the selected channel so that the
reliability factor of the selected channel exceeds the
first reliability factor threshold.
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In one enbodinment the processing neans are
configured to increase light intensity of the 1light-
emtting source of the selected channel so that the
reliability factor of the selected channel exceeds the
first reliability factor threshold.

In one enbodinment the processing neans are
configured to determine that the reliability factor of
a channel is below the first reliability fact or
threshol d; power on at |east one channel the operating
power of which was earlier shut down; determne the
reliability factor again for each channel; and rese-
lect a channel having the reliability factor above the
first reliability factor threshold, or having the re-
liability factor above the first reliability factor
threshold and the |owest power consunption.

In one enbodinment the processing neans are
configured to determine that that the reliability fac-
tor of a channel is below a second reliability factor
threshold and to shut down operating power from the
channel .

In one enbodinment the reliability factor is
calculated as sw\R = | |xw|]| / ||xwRl1, Where x,r is the
ratio of the signal related to pulsative blood flow, xur

is the ratio of the signal not related to pulsatile

blood flow, and 1I1-11 is a signal norm operator. |In one
enbodinent Il-11 is a signal power operator or a signal
anplitude operator. It is clear to a person skilled in

the art that several other possible norm operators nay
al so be used.

According to another aspect of the invention,
there is provided a portable pulse neasuring device,
conpri si ng: a lighting configuration conprising at
least two light-emtting sources for emtting radiant

energy through a human body tissue and at |east one
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[ight detector for detecting the intensity of said ra-
diant energy after propagation through the human body

tissue and for providing input signals representative

of said propagation, wherein the at least tw |ight-
emtting sour ces conpri se a first [ight-emitting
source emtting a first wavelength and a second I|ight-

emtting source emtting a second wavelength for de-
termining pulse rate; processing nmeans configured to
determne pulse rate in response to processing the in-

put signals; wherein the elenents in the lighting con-
figuration are arranged in the portable pulse neasur -
ing device in a configuration where the distance from
the first light-emtting source to a first light de-
tector and the distance from the second light-emtting

source to the first light detector differ from each
other; and wherein the distances from the first and
second light-emtting sources to the first |ight de-
tector and the first and second wavel engths have been
chosen to enable neasurenent of a variety of mneasure-

ment depths in the human body tissue and to provide
sensitivity to blood flow and insensi tivity against to
novenent artefacts in varying conditions.

In one enbodinent, the lighting configuration
conprises at least two light-emtting sources emtting
the same wavel ength

In one enbodinent, the lighting configuration
conprises three light-emtting sources and the first
light detector, wherein two light-emtting sources are
arranged at equal distances from the first I|ight de-
tector and on opposite sides of the first light detec-
tor substantially on the sanme axis, and wherein the
two light-emtting sources emt the first wavelength
and the third light-emtting source emts the second

wavel ength and wherein the distance from the two
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l[ight-emitting sources to the first light detector and
the distance from the third light-emtting source to
the first light detector differ from each other.

In one enbodinment, the first light-emtting
source emts green light and the second light-emtting
source enits infrared light, and the distance between
the center of the first |ight detector and the first

light-emitting source is between 2.5mm and 4.5mm and
preferable about 3.6mm and the distance between the
center of the first |light detector and the second
light-emitting source is between 4.0mm and 7.0mm and
preferably about 6.0mm

In one enbodinent, the lighting configuration

conprises two light detectors and wherein the first
light detector and a second |ight detector and the
first light-emtting source are disposed substantially
along a first axis, the first light-emtting source
bei ng disposed between the first and second I|ight de-
tectors, and the first light-emtting source and the
second light-emtting source are disposed along a se-

cond axis differing from the first axis.
In one enbodiment, the distances from the
first light-emtting source to the two light detectors

differ from each other and the distances from the se-

cond light-emitting source to the two |ight detectors
differ from each other. 1In one enbodiment, the first
light-emitting source emts green l|light and the second
light-emitting source emts infrared Ilight, wherein
di stance between the center of the first |ight detec-
tor and the first |light-emtting source is between

2.0mm and 4.0mm and preferably about 3.0nm the dis-
tance between the center of the second I|ight detector
and the first light-emtting source is between 4.0mm

and 6.0mm and preferably about 5.0m the distance be-
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tween the center of the first light detector and the
second light-emtting source is between 4.0mm and

6. 0mm and preferably about 5.0mm and the distance be-
tween the center of the second |ight detector and the
second light-emtting source is between 6.5mm and
8.5mm and preferably about 7.5mm

In one enbodinment, the device further com-
prises blocking neans for blocking direct l|ight |eak-
age from the at least two light-emtting sources to

the at |east one |light detector.

In one enbodinent, the first light-emtting
source is configured to emt shorter wavelength visi-
ble light and the second light-emtting source is con-
figured to emt |Ilight having I|onger wavelength than
the shorter wavelength visible Iight.

In one enbodi nent, the shorter wavel ength
visible light conprises green or blue Ilight and the
| onger wavelength [light conprises infrared or red

light .

In one enbodinment, the processing neans are
configured to: determ ne whether a channel conprising
a specific light detector detecting radiant energy
from a specific light-emtting source exceeds a first
reliability factor threshold, the reliability factor
indicating an estimate of the reliability of the heart
rate reading for the channel; and select a channel hav-
ing a reliability factor above the first reliability
factor threshol d.

In one enbodinment, the processing neans are
configured to select a channel having the highest re-
l[iability factor.

In one enbodinment, the processing neans are
configured to select a channel having the |owest power
consunption .
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In one enbodinment, the processing neans are
configured to shut operating power from at |east one
channel not sel ected.

In one enbodinment, the processing neans are
configured to reduce light intensity of the 1light-
emtting source of the selected channel so that the
reliability factor of the selected channel exceeds the
first reliability factor threshold.

In one enbodinment, the processing neans are
configured to increase light intensity of the 1light-
emtting source of the selected channel so that the
reliability factor of the selected channel exceeds the
first reliability factor threshold.

In one enbodinment, the processing neans are
configured to: determine that the reliability factor
of a channel is below the first reliability factor
threshol d; power on at |east one channel the operating
power of which was earlier shut down; determne the
reliability factor again for one or nore channels; and
resel ect a channel having the reliability factor above
the first reliability factor threshold, or having the
reliability factor above the first reliability factor
threshold and the |owest power consunption.

In one enbodinment, the processing neans are

configured to: determine that the reliability factor

of a channel is below a second reliability factor
t hr eshol d; and shut down operating power from the
channel

In one enbodi nent, the reliability factor is
calculated as SNR = | x|l / |IX,gll, wWhere x, is the

portion of the signal related to pulsative blood flow,

Xn, is the portion of the signal not related to pulsa-

HR

tile blood flow, and ||-]|| is a signal norm operator.
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According to another aspect of the invention,
there is provided a nethod for processing input sig-
nals of a portable pulse neasuring device of any of
the aspects above. The nethod conprises determning
whet her a channel conmprising a specific |ight detector
detecting r adi ant energy from a specific l'ight-
emtting source exceeds a first reliability factor
threshold, the reliability factor indicating an esti-
mate of the reliability of the heart rate reading for
each channel; and selecting a channel having a relia-
bility factor above the first reliability factor
t hreshol d .

In one enbodinment the method conprises se-
lecting a channel having the highest reliability fac-
tor.

In one enbodinment the method conprises se-
lecting a channel having the |owest power consunption.

In one enbodinment the method conprises shut -
ting operating power from at |east one channel not se-
| ect ed.

In one enbodinment the nethod conprises reduc-
ing light intensity of the light-emtting source of
the selected channel so that the reliability factor of
the selected channel exceeds the first reliability
factor threshold.

In one enbodinment the nmethod conprises in-
creasing light intensity of the light-emtting source
of the selected channel so that the reliability factor
of the selected channel exceeds the first reliability
factor threshold.

In one enbodiment the nethod conprises deter -
mning that the reliability factor of a channel is be-
low the first reliability factor threshold; powering

on at |east one channel the operating power of which
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was earlier shut down; determining the reliability
factor again for each channel; and reselecting a chan-
nel having the reliability factor above the first re-
l[iability factor threshold, or having the reliability
factor above the first reliability factor threshold
and the |owest power consunption.

In one enbodinment the nethod conprises deter -
mning that the reliability factor of a channel is be-
low a second reliability factor threshold; and shut

down operating power from the channel.

According to another aspect of the invention,
there is provided a conputer program conprising pro-
gram code, which when executed on a processor, exe-
cutes the above nethod. The conputer program may be
enbodi ed on a conputer-readable nmedium

BRI EF DESCRI PTI ON OF THE DRAW NGS:

The acconpanying draw ngs, which are included
to provide a further wunderstanding of the invention
and constitute a part of this specification, illus-
trate enbodinments of the invention and together wth
the description help to explain the principles of the
invention. In the draw ngs:

Figure 1A is a block diagram illustrating an
enbodi nent of a measurenment arrangenent in a portable
measurenent device in accordance with the present in-
vention .

Figure IB is a block diagram illustrating an-
ot her enbodinment of a nmeasurenent arrangenent in a
portable neasurenent device in accordance wth the
present invention.

Figure 1C is a block diagram illustrating an-
ot her enbodinment of a nmeasurenent arrangenent in a
portable neasurenent device in accordance wth the
present invention.
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Figure ID is a block diagram illustrating an-
ot her enbodi ment of a measurenent arr angenent in a

portable measurement device in accordance wth the
present invention.

Figure IE is a block diagram illustrating an-
ot her enbodi ment of a measurenent arr angenent in a
portable measurement device in accordance wth the
present invention.

Figures 2A, 2B and 2C illustrate the use of
green and infrared light in measuring pulse rate, for
exanple, by using the neasurenment arrangenment disclosed
in Figure 1A and Figure IB.

Figure 3 is a block diagram illustrating an em-
bodi ment of a portable pulse measuring device.

Figure 4 is a block diagram illustrating the
operating process of a pulse neasuring device according
to one enbodi nent of the invention.

Figure 5 illustrates channel |ogic when a pul se
neasuring device conmprises two light-emtting sources
and two |ight detectors according to one enbodinment of
the invention.

Figure 6 illustrates channel I|ogic when a pulse
nmeasuring device conmprises two light-emtting sources

and two light detectors according to another enbodi nent
of the invention.

DETAI LED DESCRI PTI ON

Reference will now be nade in detail to the
enbodi nent s of the present i nventi on, exanpl es  of
which are illustrated in the acconpanying draw ngs.

Figure 1A is a block diagram illustrating an
enbodi nent of a neasurement arrangenent in a portable

nmeasurenent device in accordance wth the present in-
vention. The neasurenent arrangenment disclosed in Fig-
ure 1A conprises a first light detector 100 and a se-

cond light detector 102. The light detectors are, for
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exanple, photo detectors that are able to detect re-

flected light. The neasurenent ar r angenent also com-
prises two light-enmitting sources 104, 106. In one en+
bodi nent, t he neasurenent ar r angenent has been ar-

ranged onto a bottom side of a portable neasurenent
device, which is carried, for exanple, on a wist or
some other part of the body, where the device is firm-

Iy touching the skin.

Ti ssue, for exanple, skin is illumnated by a
l'ight source, for example a |light emtting di ode
(LED) . In the arrangenent of Figure 1A the first
light-emitting source 104 enits infrared light and the
second light-enitting source 106 emts green light. An
optical signal is a signal derived as a variation of

light intensity detected in the Ilight detectors 100,

102 as a function of changes in light absorption in
the tissue. Changes 1in light intensity may be caused
by deformation of the tissue, for exanple, due to
novenent s, or by changes in blood volune in the area,

caused by pulsative blood flow. The latter is used for
detection of heart rate.

The skin of the human tissue conprises sever -

al layers including epiderms, papillary derms, re-
ticular dermis and hypoderms. Skin properties al so
vary between individuals and anatonical | ocati on. Pa-
pillary derms includes small vasculature which con-

strict when cold. Reticular derms includes larger vas-
culature which are less sensitive to cold. The desired
neasuring depth where blood is to be neasured occurs in
epidermis which is usually about 0.6 - 3 mm deep. Next
tissue layer is nostly fat tissue and add artefacts to
the detected signal if a significant portion of light is

reflected from this tissue as fat tissue is sensitive to
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caused by nmovenents and contains no signif -

i cant vascul at ure.

Ti ssue deformation due to novenent causes ma-

jor changes

in light reflection paths wthin the tis-

sue, leading to mmjor <changes in light intensity ob-
served in the light detectors when the tissue is illu-
mnated wth constant |Ilight intensity. This relation-

ship is dependent on the tissue volune through which

changes are

the light travels, i.e. the higher the volunme the nore
caused by novenents. Ther ef or e, it is
to mnimze tissue volune to be illum nated

preferabl e

to mnimze

artifacts in the detected signals by the

light detectors.

In

refl ectance photopl et hysnography t he pene-

tration depth of the light to the tissue is nostly de-

pendent on two factors :

1)

2)

The distance between the light detectors
100, 102 and the light-emtting sour ces
104, 106. The average penetration depth of
the light in a honogenous tissue is roughly
d/2 where d is the distance between a |ight
detector and a light-emtting source.

Light wavelength affects |light absorption
in the tissue so that the shorter wave-
lengths (for exanple, green or blue) are
absor bed significantly nmore than | onger
wavel engt hs, such as infra-red and red. An
absorption co-efficient for green Ilight may
be nmore than 10 tines or even 100 tines

hi gher than for infrared or red light. For

simlar light level at a light detector, 10
times higher light intensity is needed.
Ther ef or e, in accordance wth the neasurement
arrangenent disclosed in Figure 1A light penetration
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depth may be controlled by varying the distance d. In
anot her enbodi nent, in addition to varying the dis-
tance d, also light wavelengths nmay be varied. For
shal | ow penetration, small d and shorter wavel engths

may be used while larger d and |onger wavel engths rmay
be used for deeper penetration. By varying the dis-
tance d or both factors (distance d and used wave-
| engt hs) independently, it is possible to optimze the
penetration depth better in a non-honbgeneous tissue.

In the enbodinent of Figure 1A the first
light-emitting source 104 emts infrared light and the
second light-emtting source 106 emts green |ight.
Further, the distance dl is about 2.5 nm the distance
d2 is about 4 mm the distance d3 is about 6 mm and
the distance d4 is about 4 mm Thus, the [Iight-
emtting sources 104, 106 are asymmetrically disposed
in relation to the light detectors 100, 102. Although
the enbodi ment of Figure 1A specifically discloses the
use of green and infrared light, other suitable wave-
lengths may also be used, for exanple, blue light and
red light etc. The centres of the light detectors 100
and 102 and the light-emtting source 106 may be dis-
posed substantually along a single axis. |In another
enbodi nent , the center point of the light-emtting
source 106 may be below or above the axis determ ned
by the centers of the light detectors 100 and 102.

The neasurenent arrangenent disclosed in Fig-
ure 1A provides a solution which enables nmeasuring
pulse rate from various tissue depths. |In other words,
a measurenent depth can be used which provides the
best detection result for the heart rate. The neas -
urenent arrangement disclosed in Figure 1A also pro-
vides the possibility of varying the neasurenent depth

in real-time or near real-time because it provides
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four different neasurenent channels (conbinations of a
light-emtting source and a light detector) to choose.

For exanpl e, in cold skin conditions mninal bl ood
flow occurs close to skin. Therefore deeper neasure-

ment may be applied. In warm skin conditions blood
flow is active close to skin and therefore smaller

nmeasurenent depth may be appli ed.

Furt her nore, when tissue is illumnated wth
light through skin, absorption of light is caused by
skin, blood containing tissue, and fat tissue (absorp-
tion simlar to water) . |In total, absorption co-
efficient for, for exanple, green light my be nore
than 10 times or even 100 tinmes higher than that for
infra-red or red. As a result, green light attenuates

rapidly in tissue and only very small volume of tissue

is affecting light intensity as measured with a photo
detector which is close to the light source. There-
fore, green light is a good choice in situations where

bl ood perfusion <close to skin surface is good and
novenent artefacts (which are dependent on tissue vol -
ure deformation due to novenment) need to be minimzed.

This is typical for example during physical exercise.

However, due to high absorption co-efficient, required
light intensity is higher wth green light than for
infrared light to gain simlar average light intensity
in a light detector, and therefore power consunption
of the green light emtting Ilight source is higher
than that for infrared 1ight source. Ther ef ore, in
situations where blood perfusion is deeper in tissue
but not in the surface and/or when novement artefacts
are small enough to gain sufficient signal quality in-
frared may be favored to save battery power and/or
gain better signal quality. Fur t her nor e, the human

tissue in practice is not honbgenous. Thus a signifi-
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cant anount of emtted light my reach the tissue lay-
er conprising minly fat causing wundesired reflec-
tions. The use of green light mninmzes this effect
because green light does not reflect back well through
t he epiderm s.

In one enbodi ment of Figure 1A the Ilight-

emtting source 106 enmts green light and the |light-
emtting source 104 emts infrared light. The distance
dl between the center of the light detector 102 and
the light-emtting source 106 is between 2.0mm and

4.0mm and the distance d4 between the center of the
light detector 100 and the light-emtting source 106
is between 4.0mm and 6.0mm The distance d2 between
the center of the light detector 102 and the |Iight-
emtting source 104 is between 4.0mm and 6.0mm and the
di stance d3 between the center of the |ight detector
100 and the light-emtting source 104 is between 6.5mm
and 8.5mMm In a further enbodinment the distance dl be-
tween the center of the light detector 102 and the
light-emitting source 106 is about 3.0mm and the dis-
tance d4 between the center of the |ight detector 100
and the light-emtting source 106 is about 5.0mm The
di stance d2 between the center of the |ight detector

102 and the light-emtting source 104 is about 5.2mm

and the distance d3 between the center of the |ight
det ect or 100 and the light-emtting source 104 is
about 7.5mm

Figure 1B is a block diagram illustrating an-
ot her enbodi nment of a measurenent arr angenent in a

portable measurenent device in accordance wth the
present invention. Wereas Figure 1A disclosed a pair
of |ight detectors and a pair of light-emtting
sources, Figure |B discloses only one |light detector
110. Miltiple light-emtting sources 112, 114, 116,
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118 have been arranged around the |I|ight detector 110
where the distances d5 d6, d7, d8 from the |ight-
emtting sources 112, 114, 116, 118 differ from each
other. Thus, the light-emtting sources 112, 114, 116,
118 are asymmetrically disposed in relation to the
I'ight det ect or 110. The anpunt of light-emtting
sources mny also be nmore than disclosed in Figure 1B
or less than disclosed in Figure B The |ight-

emtting sources 112, 114, 116, 118 may all transmt

the sane wavel ength, for exanple red, i nfrared, bl ue
or green |ight. In anot her enbodi ment the 1ight-
emtting sources 112, 114, 116, 118 include light-

emtting sources which emt at least two different

wavel engt hs

Figure 1C is a block diagram illustrating an-
ot her enbodi nent of a measurenent ar r angenent in a
portable nmeasurenent device in accordance wth the

present invention. The arrangenent conprises one |ight
detector 120 and two light-emtting sources 122, 124.
The distances d9 and dlIO from the Ilight-emtting
sources 122, 124 to the light detector 120 differ from
each other. Thus, the light-emtting sources 122, 124

are asymmetrically disposed in relation to the 1ight
det ect or 120. In one enbodi ment of Figure 1C the
light-emitting source 124 enits green light and the
light-emtting source 122 emts infrared light, and
the distance dlO between the center of the light de-

tector 120 and the Ilight-emtting source 124 is be-
tween 2.5mm and 4.5mm and the distance d9 between the
center of the light detector 120 and the light-
emtting source 122 is between 4.0mm and 7.0mm In a
further enbodinment the distance dl O between the center
of the light detector 120 and the light-emtting

source 124 is about 3.6mm and the distance d9 between
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the center of the light detector 120 and the |ight-
emtting source 122 is about 6.0mm

Figure ID is a block diagram illustrating an-
ot her enbodi nment of a measurenent ar r angenent in a
portabl e neasurenent device in accordance wth the
present invention. The arrangenent conprises two |ight

detectors 126, 128 and a light-emtting source 130.

The distances dll and dl2 from the light-emtting
source 130 to the two light detectors 126, 128 differ
from each other. Thus, the light-emtting source 130
is asymetrically disposed in relation to the |Iight

detectors 126, 128. Figure IE is a block diagram il -
lustrating another enbodi nent of a neasurenent ar -
rangenent in a portable neasurenent device in accord-

ance with the present invention. The arrangenent com-
prises a light detector 138 and three light-emtting

sources 132, 134 and 136. The distances dl3 from the
light-emtting sources 132 and 134 to the light detec-
tor 138 are identical or substantially identical. The
distance dl4 from the light-emtting source 136 to the
light detector 138 differs from the distance dI3. 1In
this enbodi nent, the light-emtting sources 132 and
134 are arranged to emt a first wavelength and the
light-emtting source 136 is arranged to emt a second
wavel ength. In operation when neasuring pulse with the
light-emtting sources 132 and 134, the sources are
powered on and off sinultaneously. This makes it pos-
sible to cover a larger area with the I|ight detector

138 than only with a single light-emtting source. |In

one enbodinment, the light-emtting sources 132 and 134

emt green |light and the light-emtting source 136
emts infrared 1light.
Furt her, when usi ng t he light-emtting

sources 132, 134 and 136 in neasuring pul se, t he
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sources are powered on and off successively. I n other
words, the light-emtting sources 132 and 134 are pow-
ered on and off sinultaneously while the [light-
emtting source 136 is powered on only after the
l[ight-emtting sources 132 and 134 have been powered
off. This makes it possible to cover selectively a va-
riety of neasurenent depths with the 1light detector
138 than only wth a single light-emtting source
and/or if only a single wavel ength was used.

In one enbodi ment of Figure I1E the Ilight-

emtting sources 132, 134 emt green light and the
light-emtting source 136 enmits infrared |light, and
the distance dl3 between the center of the light de-

tector 138 and the light-emtting sources 132, 134 is
between 2.5mm and 4.5nmm and the distance dl4 between
the center of the light detector 138 and the |ight-
emtting source 136 is between 4.0mm and 7.0nm In a
further enbodinent the distance dl3 between the center
of the light detector 138 and the light-emtting
sources 132, 134 is about 3.6mm and the distance dl4
between the center of the light detector 138 and the
light-emtting source 136 is about 6.0mm

Figures 1A, 1B, 1C, ID and IE disclose five
specific neasurenent configurations. In other enbodi-
ments of the invention, the neasurenent configuration
may be different as long as a lighting configuration
conprises at least three elements selected from a
light-emtting source for emtting r adi ant ener gy
through a human body tissue and a light detector for
detecting the intensity of said radiant energy after
propagation through the human body tissue and for
providing input signals representative of said propa-
gation, wherein the lighting configuration conprises

at least one light-emtting source and at |east one
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light detector, wherein the elements in the lighting
configuration are arranged in a configuration where
the light-emtting sources in the lighting configura-
tion are asymetrically disposed in relation to the
light detectors in the lighting configuration. In oth-
er words, light penetration depth to the human body
tissue may be controlled by varying at |east one dis-
tance d. In a further enbodinment, also light wave-
lengths in addition to varying the distance may be
varied by using light-emtting sources that emt dif-
ferent wavel engt hs.

The distances dl-dl 3 disclosed in Figures 1A
1E are preferably nmeasured between centers of the dis-
cl osed el enments.

In one enbodi ment of Figure 1A 1B, 1C, ID or
Figure 1E  some neans for blocking direct Ilight |eak-
age from the at least tw light-emtting sources to
the at least one light detector. This provides the ad-
vantage that the detection of the reflected light from
the human tissue is not affected by Ilight |eakages
from the light-emtting sources. The blocking means

refer, for exanple, to any material or constructions

that prevents direct light |eakage from the at |east
two light-emitting sources to the at least one |ight
det ector.

At |least one of the enbodinments of Figure 1A

IB, 1C, ID or Figure IE the solution provides an
ability to dynamically choose the active measurenent

depth i.e. the average depth through which the radiant

energy reaches when passing from radi ant energy source
to the detector so that the tissue volune between the
radi ant energy source and detector would be maxinmally
proportionate to blood flow and mininmally sensitive to
ot her tissue deformations.
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Figures 2A, 2B and 2C illustrate the use of
green and infrared light in measuring pulse rate, for

exanpl e, by using the neasurenent arrangenment disclosed
in Figure 1A, 1B, 1C, ID or Figure IE

Figure 2A illustrates a conparative situation
between signals detected by a light detector for green
light and infrared |ight when cold skin is nmeasured. The
horizontal axis represents time and the vertical axis
detected signal anplitude. The heart rate is clearly
seen in the infrared signal but is almst invisible in
the green signal. In this situation wuse of infrared
light would be preferred for reliable heart rate detec-
tion.

Figure 2B illustrates a conparative situation
between signals detected by a light detector for green
light and infrared |ight when warm skin is nmeasured. The
horizontal axis represents time and the vertical axis
detected signal anplitude. The heart rate can be seen in
both signals. In such a situation use of infrared Iight
woul d be preferred due to |ower power consunption.

Figure 2C illustrates a conparative situation
between signals detected by a light detector for green
light and infrared |ight when novenent is present during
measuring. The horizontal axis represents tinme and the
vertical axis detected signal anplitude. It can be seen
that alnost no novenent effect is present in the green
signal but the infrared signal is disturbed by the nove-
ment. In this situation, green light would be preferred
for reliable heart rate detection.

Figure 3 is a block diagram illustrating an em-
bodi nent of a portable pulse neasuring device. The pul se
measuring device may take a form of a wist watch type
device or any other applicable form It should be noted

that the present invention may be attached to any form
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and location at skin where firm skin attachment may be
reached. For exanple, an arm or a forearm band, a waist
band, a head band, or a tight band are possible enbodi -
ments for such a neasurenent.

The device conprises a processor 300 which is
arranged to process information received via various
signal paths from other elenments of the device and to
provide control information for the device elenments. A
menory 302 connected to the processor 300 is arranged to
store program logic based on which the processor 300
perfornms various operations related to the invention.
The nenory 302 nmay also store pulse rate neasurenent da-
ta. The processor 300 is connected to a light source
control block 308 which is arranged to control a first
light source 310 and a second light source 312 based on
the instructions received from the processor 300 to enit
light signals towards human tissue. "SPI" in connection
with sonme signal paths neans Serial Peripheral I nter -
face via which serial communication can be perforned

via various bl ocks, cs" in connection wth sone signal

paths neans that together with using SPI c¢s can be used
to point with which block to comunicate. "CONTROL" in
connection with a signal path between the anal og block
316 and the processor 300 is a control signal having a
set of control lines for controlling analog circuitry

such as power on/off of the analog block 316 and data
sanpling timng control.

A first light detector 318 and a second Iight
detector 320 are arranged to receive |light reflected
from the hunman tissue. The signals detected by the light
detectors 318, 320 are received by an analog block 316,
which may perform low pass filtering, and alternatively
or additionally may perform band pass or high pass fil -

tering to drop off unwanted signals. There could be also
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control nmechanism to read values in (sample and hold
circuit) when there 1is an ongoing neasurement (i.e.
light-emitting source on) . Qutput of the block 316 wll
then be transfornmed to digital form by the ADC 314.

The device also conprises a display 306 which
is arranged to display a heart rate reading in response
to instructions from the processor 300. Charging neans
304 are also provided to supply operating power to the
device. The device mmy additionally conprise also an ac-
celerometer or other sensor relative to movenent of the
device 322. Alternative enbodinments to an accel eroneter
include for exanple gyroscope, nagnetoneter, force sen-
sitive film between the device and the skin, or optical
sensor arranged to neasure tissue deformations. Signals
from the novenent sensor may be used in conpensating un-
wanted novenent errors in the signals detected by the
light detectors 318, 320.

Al though Figure 3 discloses two light-enmitting
sources and two light detectors, ot her enbodi nents of
the invention may conprise a lighting configuration com
prising at least three elenments selected from a I|ight-
emtting source and a |light detector, wherein the
lighting configuration conprises at least one |light-
emtting source and at least one light detector.

The device may also conprise conponents or ele-
ments not disclosed in Figure 3, for exanple, at |east
one of a bluetooth <chip, a bluetooth antenna, a data
connection interface, a nechanical button or buttons, a
light sensor (for exanple, an anbient light sensor) etc.

Figure 4 is a block diagram illustrating the
operating process of a pulse neasuring device according
to one enbodiment of the invention.

Figure 4 illustrates nultiple optical signals

400, 402, 404 which are provided with light detectors,
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for exanple, photo detectors. A processor receives the
optical signals and processes them to deternine a heart

rate 408, 410, 412 based on the signhals. A novenent sig-
nal or signals 406 may also be provided to the proces -
sor. The novenent signal is a signal related to the
nmovenent of the sensor (for exanple, an acceleration

sensor) or novenent of the tissue. For exanple, this may
be acceleroneter signal, or it my be another optical

signal which is insensitive to blood flow in the tissue.

The optical signhals are easily distorted due to various
novenents and the novenent signals are used to filter
out novenent from the optical signals.

Furthernmore, tissue deformation due to novenent

causes nmjor <changes in light reflection paths wthin
the tissue, leading to major changes in light intensity
observed in a light detector when the tissue is illum -
nated with constant light intensity. This relationship

is dependent on tissue volune through which the 1ight
travels, i.e. the higher the volune the nore changes are
caused by novenents. Therefore, in an optiml solution,

tissue volume to be illunmnated should be mnimzed to
mninmze artifacts in the signal while still sufficient -
ly including illumnation of the tissue wth active

bl ood perfusion.

Since the pulse rate neasuring device conprises
at least two light-emtting sources and at |east one
light detector, there are nultiple channels to neasure
pul se (depending the anount of |light-emtting sources
and wavel engths wused and the anobunt of |ight detectors)

As a general rule, a best possible signal at a
given point of tinme may be selected 414 based on which
the pulse rate is determned. As novenent artifact s
dependent on volune of the illuminated tissue the opti -

mal selection of a deeper neasurenent or a snaller neas-
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urement depth) is dependent also on novenent status and
bl ood perfusion status, and individual differences.
Therefore, a reliability factor for each neas-
ured channel nmmy be used as an estimate of the reliabil-
ity of the heart rate reading (called here as SNR) . As

an exanple, the SNR may be calculated as

SNR = [ Xl | / | [Xnerl |

where Xuz is the ratio of the signal related to pulsative
blood flow, X.;zx is the ratio of the signal not related
to pulsatile blood flow, and |]|-|]|] is the signal norm
operator, for exanple, power, absolute power, anplitude
or nmean anplitude. Xgp and X may be adaptively estinmat-
ed from the signal. It is clear to a person skilled in
the art that several other possible norm operators nay
also be used. It is also evident that also other ways of
determining the SNR may be used than the one disclosed
above. Usually, the nost reliable channel (i.e. having
the highest SNR value) is used as a heart rate 416 esti -
mat e. In another enbodi nent, sever al channels my be
conbi ned, for exanple, by an averaging operation to es-
timate the heart rate. It is evident, that also other
operations to conbine information in different channels
may be envisioned, such as weighted averaging or nonlin-
early weighted conbination.

In one enbodinment, the following iteration pro-

cess may be executed.

1) If the reliability factor is above a select-
ed threshold the heart rate reliability is
deened good in a given channel and this
reading may be used as heart rate output. |If
sever al reliability factors are above the

t hreshol d, the channel having the highest
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reliability factor may be selected. Further -
nore, one or nore other channels may be shut
down to save battery power. Furthernore, al-
so light intensity of the best channel nmay
be reduced to optinize power consunption as

long as the reliability factor remains above

a selected threshold. |In another enbodinent,
each light source has predetermned power
consunpti on. The optimzation nmay include

selecting a channel the reliability factor
of which exceeds the selected threshold and
where the power consunption for achieving
the selected threshold is at a mininm

2) If the reliability factor is below the se-
| ected threshold, one or nore channels my
be powered on (if they are not active at the
present nmoment) or their light intensity may
be increased to allow change of the optimal
channel i f another channel and/ or  hi gher
light intensity would provide better relia-
bility factor.

3) If the reliability factor is below another
selected threshold (neaning a very poor sig-
nal) then such a channel may be totally shut
down to avoid spending power on a channel
which does not contribute to heart rate de-
tection .

By using the above iteration process a neasure -
ment depth is adaptively chosen to provide the nost re-
liable heart rate to adapt the neasurenment depth to best
match the depth where blood flow actually occurs in each
i ndi vi dual and in each condition, taking into account
the effect of tissue deformations caused by novenents.

This will significantly inprove the reliability of the
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ple, in cold/warm skin situation, at rest condition, in
an intensive training situation etc.) and between dif-
f erent i ndi vi dual s. Furt her nor e, active measur enent
channel or channels and their light intensities nay be
adaptively chosen to optimze the reliability factor.
This will also save battery power.

Table 1 represents general principles for se-
lecting the optinal light-emtting source - light detec-

tor conbi nati on.

Table 1

Blood per- Movement

fusion Low High

(tempera- Low IR and large d IR and small d

ture) Green and large d

High | IR and small d Green and small d

Wen "IR and large d" is applied, |ow power is

needed and deep penetration is achieved. Wwen "IR and

small d" is applied, Ilower power level is achieved than

with green light. Wen "IR and snall d" is applied, |ow
power and deeper penetration that with green light is
achieved. Wien "Green and large d" is applied, the con-
figuration is less sensitive to novenent artefacts than
the infrared light. Wen "Geen and small d" is applied,
the configuration is the npbst insensitive to novenent
artefacts and suitable for neasurenent, for exanple,

during intensive sports.

Figure 5 illustrates channel sanpling logic
when a pulse neasuring device conprises two |ight-
emtting sources and two |light detectors according to

one enbodi nrent of the invention.
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The sampling frequency is, for exanple, 85,3Hz
at the sanple-and-hold <circuit for the all channels. The
general sampling sequence is LED on - sanpling - LED
off. When nobre than one led color is used per neasure-
ment, it is inportant to phase the neasurenents off from
the each other. Thus, an exenplary sanpling logic may
be: LED1 on - sanpling - LEDL off - LED2 on - sanpling -
LED2 off as indicated by Figure 5.

An AD converter is sanpling at 21,3Hz. They my
be a low pass filter at each channel at the front of AD
converter. Wen having two photo detectors and two dif -
ferent color LEDs the total anount of neasurenment chan-
nels is four. Since the configuration has two receiving
channels, it is possible to get two sets of data for
monitoring and analyzing at a time. The analyzing period
my be set to a predeternmined value and after each ana-
lyzing period, another neasurement channel to be noni -
tored and analyzed nmay be sel ected.

One possible state diagram conprises four sam
pling states. An AD conversion wll be initiated for
channel 1 at state 1 and for channel 2 at state 2. The
third nmay be a "rest" state doing nothing for the neas-
urement. The fourth state can be used to collect nove-
ment data, for exanple, from a nobvenent sensitive sen-
sor.

In this exanple, there are four optical channel
combinations for actual neasurenents. The device my
keep in nenory the optical channel conbination used.
Changing the optical channel conbination selection nmay
be done after data has been analyzed. Each optical chan-
nel conbination nmay also have a LED power value stored
in the nenory. This value nmay be also tuned after data

has been analyzed. The analysis nay be performed in
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bl ocks, for exanple every 6 seconds, or over a sliding
wi ndow of a certain duration, for exanple, 6 seconds.
The channel sanpling logic illustrated in Fig-

ure 5 nmay also be used in other configurations where

there are at least two light-emtting sources and at
| east one |ight detector. Furt her, in one enbodinent,
nmore than one light detector may be sinultaneosly used

to sanple a single light-emtting source.

Figure 6 illustrates channel |ogic when a pul se
measuring device conprises two light-emitting sources
and two light detectors according to another enbodi nent
of the invention. The enbodinment in Figure 6 is sinlar
with the enbodinment of Figure 5 with the exception that
anot her sanpling period has been introduced. Wen LED 1
has been switched off and before LED is switched on,
there exists an additional sampling period ("LED off
sampling”) . This sanpling may be performed with one or
nmore light detectors (i.e. photo detectors).

The neasurenents in the LED off state (i.e. a
nmeasuring an interference signal) may be used to reduce
interference when performng neasurenents in the LED on
state. Reduction of the interference my be done, for
exanple, by adaptive filtering where LED off state sig-
nal is used as an estinmate of the signal noise, and an

adaptive filter is used to calculate an estinmate of the

i npact of noise on LED on state signal, and a cleaned
signal is achieved by a subtraction operation of these
t wo. There are several possibilities knowmn to the

skilled person to inplement such an adaptive filter and
its adaptation.

The channel sanpling logic illustrated in Fig-
ure 6 nmay also be used in other configurations where
there are at least two light-emtting sources and at

| east one |ight detector. Furt her, in one enbodinent,
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nore than one l|ight detector may be sinultaneosly used

to sanple a single light-emtting source.
It is obvious to a person skilled in the art
that with the advancenent of technol ogy, the basic
5 idea of the invention may be inplenented in various
ways. The invention and its enbodinments are thus not
l[imted to the exanples described above, instead they

may vary within the scope of the clains.
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CLAI M5

1. A portable pulse neasuring device, com
prising:

a lighting configuration conprising at |least two
l[ight-emtting sources for emtting radiant energy
through a human body tissue and at |east one |light de-
tector for detecting the intensity of said radiant en-
ergy after propagation through the human body tissue
and for providing input signals representative of said
propagation, wherein the at least two light-emtting
sources conprise a first light-emtting source emt -
ting a first wavelength and a second light-emtting
source emtting a second wavel ength for determ ning
pul se rate;

processing neans configured to determ ne pulse
rate in response to processing the input signals;

wherein the elenents in the lighting configuration
are arranged in the portable pulse measuring device in
a configuration where the distance from the first

l[ight-emtting source to a first light detector and
the distance from the second light-emtting source to
the first light detector differ from each other; and

wherein the distances from the first and second
l[ight-emtting sources to the first |ight detector and
the first and second wavel engths have been chosen to
enabl e nmeasurenent of a variety of nmeasurenent depths
in the human body tissue and to provide sensitivity to
blood flow and insensitivity against to novenent arte-
facts in varying conditions.

2. The device according to claim 1, wherein
the lighting configuration conprises at least two
l[ight-emtting sources emtting the same wavel ength.

3. The device according to claim 2, wherein
the lighting configuration conmprises three [|ight-
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emtting sources and the first light detector, wherein
two light-emtting sources are arranged at equal dis-
tances from the first Ilight detector and on opposite
sides of the first light detector substantially on the
same axis, and wherein the two light-emtting sources
emt the first wavelength and the third light-emtting
source emts the second wavelength and wherein the
distance from the two light-emtting sources to the
first light detector and the distance from the third
[ight-emtting source to the first |light detector dif -
fer from each other.

4. The device according to claim 1, wherein

the first light-emtting source emts green light and
the second light-emtting source emts infrared |ight,
and the distance between the center of the first 1ight
detector and the first light-emtting source is be-

tween 2.5mm and 4.5mm and preferable about 3.6mm and
the distance between the center of the first |ight de-
tector and the second light-emtting source is between
4.0mm and 7.0mm and preferably about 6.0mm

5. The device according to any of claims 1 -

2, wherein the lighting configuration conprises two
light detectors and wherein the first |ight detector

and a second |light detector and the first [light-
emtting source are disposed substantially along a
first axis, the first light-emtting source being dis-
posed between the first and second |ight detectors,

and the first |light-emtting source and the second

l[ight-emtting source are disposed along a second axis
differing fromthe first axis.

6. The device according to claim 5, wherein
the distances from the first light-emtting source to
the two light detectors differ from each other and the
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di stances from the second light-emtting source to the
two |ight detectors differ from each other.

7. The device according to claim 6, wherein

the first light-emtting source emts green light and
the second light-emtting source emts infrared Iight,
wherein distance between the center of the first 1ight
detector and the first light-emtting source is be-

tween 2.0mm and 4.0mm and preferably about 3.0mm the
di stance between the center of the second |ight detec-

tor and the first Ilight-emtting source is between
4.0mm and 6.0mm and preferably about 5.0m the dis-
tance between the center of the first light detector
and the second light-emtting source is between 4.0mm
and 6.0nmm and preferably about 5.0nm and the distance
between the center of the second light detector and
the second light-emtting source is between 6.5mm and

8.5mm and preferably about 7.5mm

8. The device according to any of claims 1 -

3, 5 or 6, wherein the first light-emtting source is
configured to emt shorter wavelength visible 1ight
and the second light-emtting source is configured to
emt light having |longer wavelength than the shorter

wavel ength visible 1ight.

9. The device according to claim s, wherein
the shorter wavelength visible |[light conprises green
or blue light and the |onger wavelength |ight conpris-
es infrared or red light.

10. The device according to any of clains 1
- 9, further conprising blocking neans for blocking
direct light |eakage from the at least two |ight-
emtting sources to the at least one |ight detector.

11. The device according to any of clains 1 -
10, wherein the processing mneans are configured to:
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determ ne whether a channel conprising a spe-
cific light detector detecting radiant energy from a
specific light-emtting source exceeds a first relia-
bility factor threshold, the reliability factor indi-
eating an estimate of the reliability of the heart rate
reading for the channel; and

select a channel having a reliability factor
above the first reliability factor threshold.

12. The device according to claim 11, wherein
the processing neans are configured to:

sel ect a channel having the highest reliabil -
ity factor.

13. The device according to claim 11 or 12,
wherein the processing neans are configured to:

sel ect a channel having the |owest power con-
sunption .

14. The device according to any of claim 11
- 13, wherein the processing neans are configured to:

shut operating power from at |east one chan-
nel not sel ected.

15. The device according to any of clainms 11
- 14, wherein the processing neans are configured to:

reduce light intensity of the light-emtting
source of the selected channel so that the reliability
factor of the selected channel exceeds the first reli-
ability factor threshold.

16. The device according to any of clainms 11
- 14, wherein the processing neans are configured to:

i ncrease ['ight intensity of the |ight-
emtting source of the selected channel so that the
reliability factor of the selected channel exceeds the
first reliability factor threshold.
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17. The device according to 14, wherein the
processing neans are configured to:

determine that the reliability factor of a
channel is below the first reliability factor thresh-
ol d;

power on at |east one channel the operating
power of which was earlier shut down;

determine the reliability factor again for
one or nmore channels; and

resel ect a channel having the reliability
factor above the first reliability factor threshold,
or having the reliability factor above the first reli -
ability factor threshold and the |owest power consunp-
tion.

18. The device according to claim 11, wherein
the processing nmeans are configured to:

determine that the reliability factor of a
channel is below a second reliability factor thresh-
old; and

shut down operating power from the channel.

19. The device according to any of clains 11

- 18, wherein the reliability factor is calculated as

SNR = [ [Xw!l | / |1Xoml |

where Xux is the portion of the signal related
to pulsative blood flow, Xz is the portion of the sig-
nal not related to pulsatile blood flow, and [|-|]| is a

si gnal norm operator.

20. A method for processing input signals of
a portable pulse neasuring device of any of claims 1 -
19, conpri sing:
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determining whether a channel conprising a
specific light detector detecting radiant energy from
a specific light-emtting source exceeds a first reli -
ability factor threshold, the reliability factor indi-
eating an estimate of the reliability of the heart rate
reading for the channel; and

selecting a channel having a reliability fac-
tor above the first reliability factor threshold.

21. The nethod according to claim 20, further
conprising selecting a channel having the highest re-
l[iability factor.

22. The method according to claim 20 or 21,
further conprising selecting a channel having the | ow-
est power consunption.

23. The nmethod according to any of clains 20
- 22, further conprising shutting operating power from
at |east one channel not selected.

24. The nmethod according to any of clains 20
- 23, further conprising the nmethod conprises reducing
light intensity of the light-emitting source of the
sel ected channel so that the reliability factor of the
sel ected channel exceeds the first reliability factor
t hreshol d

25. The nmethod according to any of clains 20
- 23, further conprising increasing light intensity of
the light-emtting source of the selected channel so
that the reliability factor of the selected channel
exceeds the first reliability factor threshold

26. The nethod according to claim 23, further
conprising determining that the reliability factor of
a channel is below the first reliability factor
threshol d; powering on at |east one channel the oper-
ating power of which was earlier shut down; determin-
ing the reliability factor again for each channel; and
reselecting a channel having the reliability factor
above the first reliability factor threshold, or hav-
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ing the reliability factor above the first reliability
factor threshold and the |owest power consunption.

27. The nethod according to claim 20, further
conprising determining that the reliability factor of
a channel is below a second reliability factor thresh-
old; and shut down operating power from the channel.

28. A conputer program conprising program
code, which when executed on a processor, executes the
met hod of any of clains 20 - 27.

29. The computer program according to claim
20, being enbodied on a conputer-readable nedium



WO 2014/184447 PCT/F12014/050372

1/7

o 106
d4 ¢ 102

110

118 1 ds 1
{({; ! ds
¥ + ~~112

1167

114

FIG. 1B

120

fiT

4/\*’124 x4 /\/122

FIG. 1C



WO 2014/184447 PCT/F12014/050372

2/7

1267 A~ 128

dil diz
C 130

FIG. 1D

138
132 134

diz | . | di3
d14
1136

FIG. 1E



WO 2014/184447 PCT/F12014/050372

3/7
GREEN SIGNAL

e
ot
¥
b3

-6} & ‘_ > 3 -
i P 4 ) g # 13

%
i

& e 4 )

IR SIGNAL

oe]
Fd
o
% de
P57
e
s
i



WO 2014/184447 PCT/F12014/050372

4/7

GREEN SIGNAL

RS ¥

13
o2

-

406 : : ' :
£ & : & ’

IR SIGNAL
HI v

133

+
£

'
e
32

3 X 5 3 3 3
& 2 4 5 8 10 12

FiG. 2C



WO 2014/184447

LIGHT

310

5/7

PCT/F12014/050372

30477

SOURCE 1

CONTROL

LIGHT

SOURCE 2k~ 312

LIGHT SOURCE

o~ 308

CHARGING
MEANS

<SP

U318 316

. CONTROL

3007

PROCESSOR.

LIGHT |
DETECTOR 1 NALOG - |
ANA AN
LIGHT ADC| | % cs
DETECTOR 2 | § |
320 314 |
DISPLAY | MEMORY
3067 vy o
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ e 302
' ACCELEROMETER
T
FIG. 3



WO 2014/184447

"""""""""""""" ~ 406

MOVEMENT

6/7

 SIGNAL(S)

400

OPTICAL

¥

PCT/F12014/050372

A

¥

SIGNAL 1

402

OPTICAL

HEART RATE AND
SNR ESTIMATION #1

HEART
RATE

o

T

SIGNAL 2

404
OPTICAL

HEART RATE AND
SNR ESTIMATION #2

v

el

CHANNEL
COMPARISON
AND SELECTION

A

412

4

SIGNAL N

HEART RATE AND
SNR ESTIMATION #n

FIG. 4

i
414



WO 2014/184447 PCT/F12014/050372

777

LED 1 ON
LED 2 ON
PD |
SAMPLING
I i i
] i [
PD 2
_ SAMPLING
i i I
] A
FiG. 5
LED I LED 2
ON ON
LED 1 ——
LED 2
PD | - -
i
SAMPLING ___ l o,
PD 2 -
SAMPLING _ ,  +__ 1 L
LED OFF
SAMPLING

FIG. 6



INTERNATIONAL SEARCH REPORT

International application No.
PCT/FI1201 4/050372

A. CLASSIFICATION OF SUBJECT MATTER

See extra sheet

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC: A61B

Minimum documentation searched (classification system followed by classification symbols)

FI, SE, NO, DK

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic database consulted during the international search (name of database, and, where practicable, search terms used)

EPO-Internal & translations from Thomson Reuters and IPPH/SIPO, WPI, XPAIP, XPESP, XPESP2, XPI3E,
XPIEE, XPIOP, XPOAC, XPRD, XPTK, BIOSIS, COMPDX, EMBASE, INSPEC, MEDLINE, TDB, NPL

the priority date claimed

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2010113948 A1 (YANG G Z [GB] et al.) 06 May 201 0 (06.05.201 0) 1-2, 5-6, 8-9,
abstract; paragraphs [0006], [0022]-[0024], [0030]-[00311], and [0038]- 11-29
[00417; Figs. 2 and 3
X US 201 0331638 A1 (BESKO D P [US]) 30 December 2010 (30.12.201 0) 1, 4, 8-9, 11-12,
abstract; paragraphs [0004]-[0006], [0026]-[0033], [0038]-[0042], and 14, 17, 20-21,
[0055]; Figs. 1, 2A-2B, and 4 23, 26, 28-29
X WO 0117421 A1 (OPTOQ AB [SE]) 15 March 2001 (15.03.2001) 1-2, 4, 8-9
page 26, lines 26-31 ; page 27, lines 1-4; page 30, lines 17-31 ; page 31,
lines 9-31 ; page 32, lines 1-3; page 49, lines 3-20; page 51, lines 6-20;
Fig. 16
Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T"  later document published after the international filing date or priority
"A"  ddcument defining the general state of the art which isnot considered date and not in conflict with the applicationbut cited to understand
to be of particular relevance the principle or theory underlying the invention
"E"  earlier application or patent but published on or after the international  "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive step
"L"  document which may throw doubts on priority claim(s) or which when the document istaken alone
is cited to establish the publication date of another citation or other "Y™"  document of particular relevance; the claimed invention cannot
special reason (as specified) be considered to involve an inventive step when the document is
"O"  document referring to an oral disclosure, use, exhibition or other means combined with one or more other such documents, such combination
"P"  document published prior to the international filing date but later than being obviousto aperson skilled inthe art

"&" document member of the same patent family

Date of the actual completion of the international search

20 August 201 4 (20.08.201 4)

Date of mailing of the international search report

04 September 2014 (04.09.201 4)

Name and mailing address of the | sa /FI
Finnish Patent and Registration Office
P.O. Box 1160, FI-00101 HELSINKI, Finland

Facsimile No. +358 9 6939 5328

Authorized officer
Pekka Alitalo

TelephoneNo. +358 9 6939 500

Form pcT/1sA /210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT

International application No.
PCT/FI201 4/050372

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category *

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

P, X

WO 200701 2931 A2 (BERNREUTER P [DE])

01 February 2007 (01 .02.2007)

abstract; page 1, lines 10-21 ; page 4, lines 20-33; page 6, lines 24-32;
page 7, lines 1-8; page 7, lines 25-35; page 8, lines 1-5; page 8, lines
23-28; page 16, lines 11-33; page 17, lines 1-15; page 19, lines 6-17; Figs.
1, 3-4, and 13

US 6181959 B1 (SCHOELLERMANN H [DE] et al.)

30 January 2001 (30.01 .2001)

abstract; column 3, lines 13-54; column 6, lines 10-67; column 7, lines
1-11; Figs. 1A-1C and 2

US 2011112387 A1 (LI Y [US] et al.) 12 May 2011 (12.05.201 1)
abstract; paragraphs [0043]-[0045], [0056]-[0057], and [0061]-[0067]; Figs.
3-5

US 2009054751 A1 (BABASHAN B [US] et al.)
26 February 2009 (26.02.2009)
the whole document, especially paragraphs [0095]-[0098] and Fig. 8B

US 2006224054 A1 (MORIYA A [JP] et al.) 05 October 2006 (05.1 0.2006)
the whole document, especially abstract and Figs. 2-4

WO 2012110955 A1 (GLADSHTEIN R [IL]) 23 August 201 2 (23.08.201 2)
the whole document, especially page 14, lines 24-32; page 15, lines 1-4;
page 16, lines 6-31; Fig. 1

US 20051 87446 A1 (NORDSTROM B [US] et al.)
25 August 2005 (25.08.2005)
the whole document

US 2013261415A1 (ASHE J M [US] et al.) 03 October 201 3 (03. 10.201 3)
paragraphs [0029]-[0035] and [0062]-[0068]; Figs. 1-4

1, 10

1-29

1-29

1-29

1-29

1-2, 8, 11-12,
15-16, 20-21,
24-25, 28-29

Form PCT/ISA/210 (continuation of second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

PCT/FI201 4/050372

CLASSIFICATION OF SUBJECT MATTER

IPC

A61B 5/024 (2006.01)
A61B 5/0295 (2006.01)
A61B 5/00 (2006.01)

Form PCT/ISA/210 (extra sheet)




INTERNATIONAL SEARCH REPORT

’ ’ International application No.
Information on Patent Family Members

PCT/FI201 4/050372

Patent document Publication Patent family members(s) Publication

cited in search report date date

US 2010113948 A1 06/05/201 0 CN 101730503 A 09/06/201 0
EP 2139388 Al 06/01/201 0
GB 0705033 DO 25/04/2007
WO 2008110788 A1 18/09/2008

US 2010331638 A1l 30/12/2010 US 8311601 B2 13/11/2012
EP 2448466 A1l 09/05/201 2
US 2013035562 A1l 07/02/201 3
WO 2011008382 A1 20/01/201 1

WO 0117421 A1l 15/03/2001 AU 7466300 A 10/04/2001
AU 7466400 A 10/04/2001
AU 7466500 A 10/04/2001
EP 1210007 A1 05/06/2002
EP 1210008 A1 05/06/2002
EP 1210009 A1 05/06/2002
JP 20035081 43 A 04/03/2003
JP 20035081 44 A 04/03/2003
JP 2003508765 A 04/03/2003
SE 9903182 bO 08/09/1 999
SE 9903182 A 09/03/2001
SE 9903182 L 09/03/2001
SE 516836 C2 12/03/2002
SE 0001711 DO 09/05/2000
SE 0001711A 10/1 1/2001
SE0001711L 10/1 1/2001
SE 516856 C2 12/03/2002
WO 0117420 A1 15/03/2001
WO 0117422 A1 15/03/2001

WO 2007012931 A2 01/02/2007 EP 1860998 A2 05/1 2/2007
EP 2178438 A2 28/04/201 0
JP 2008532680 A 21/08/2008
JP 201 0534083 A 04/11/2010
US 7865223 B1 04/01/201 1
US 200801 5424 A1 17/01/2008
US 8055321 B2 08/11/2011
US 2011060200 A1 10/03/201 1
US 2012190946 A1 26/07/201 2
WO 200901 3608 A2 29/01/2009

FormPCT/ISA/210 (patent family annex) (July 2009)




INTERNATIONAL SEARC_H REPORT International application No.
Information on Patent Family Members

PCT/FI201 4/050372
Patent document Publication Patent family members(s) Publication
cited in search report date date
US 6181959 B1 30/01/2001 DE 59704665 D1 25/1 0/2001
EP 0892617 A1l 27/01/1 999
EP 0892617 B1 19/09/2001
ES 2162672 T3 01/01/2002
JP 2000507465 A 20/06/2000
JP 3789487 B2 21/06/2006
WO 9736538 A1l 09/1 0/1 997
US 2011112387 A1 12/05/201 1 US 8588878 B2 19/11/201 3
US 2014073886 A1l 13/03/201 4
US 2009054751 A1l 26/02/2009 None
US 2006224054 A1l 05/1 0/2006 US 7470235 B2 30/12/2008
JP 2006271 896 A 12/1 0/2006
JP 4229919 B2 25/02/2009
WO 2012110955 A1 23/08/201 2 GB 201316161 DO 23/10/2013
GB 2502236 A 20/11/2013
US 2013324866 A1l 05/12/2013
US 20051 87446 A1l 25/08/2005 US 7162288 B2 09/01/2007
AT 391454 T 15/04/2008
AU 200521 6976 A1l 09/09/2005
CA 2556724 A1l 09/09/2005
CA 2556724 C 18/02/201 4
CN 1929777 A 14/03/2007
DE 602005005964 D1 21/05/2008
DE 602005005964 T2 20/05/2009
EP 1722674 A1l 22/11/2006
EP 1722674 B1 09/04/2008
ES 2306122 T3 01/1 /2008
JP 2007523732 A 23/08/2007
JP 4756027 B2 24/08/201 1
MX PA06009754 A 15/03/2007
US 2007208240 A1 06/09/2007
US 7499740 B2 03/03/2009
WO 2005082240 A1l 09/09/2005

FormPCT/ISA/210 (patent family annex) (July 2009)




INTERNATIONAL SEARCH REPORT

’ ’ International application No.
Information on Patent Family Members

PCT/FI201 4/050372
Patent document Publication Patent family members(s) Publication
cited in search report date date

US 2013261415 A1 03/10/201 3 None

FormPCT/ISA/210 (patent family annex) (July 2009)




TRBR(F) EE PN ERE
K (BE)S EP2996553A1
RiES EP2014798224
FRIFE(ERR)AE) ERESNHE
ERE(E R AR PULSEON OY

HHTEHE (TR A(F) PULSEON OY

[#RI &8 A NOUSIAINEN JARI
KORHONEN ILKKA
REAA NOUSIAINEN, JARI
KORHONEN, ILKKA
IPCH =S A61B5/024 A61B5/0295 A61B5/00
R 2013005520 2013-05-15 FI
H 20 FF 30k EP2996553A4
ShEREEE Espacenet
BEF)

BEAXKAN—NGE , REHT —FEEIFANERE, ZEESHE
RARE , ZRARESEEDL =Nt (100,102,104,106 ) , HikH
ATFBESAGERARFHEHEEN ZNIR (104,106 ) FA N5
(100,102 ) » ATHEBEI AGALEBZERNFTRESNEENEEH
BERTRHARMMBEZENRAGS K HPMARARESEEDL -1
RHIR (104,106 ) MED—PKKMER (100) , 102) AEERE , A
TR Bm A ESHERTE, BAEmREPHTHmEEEERF
MERKES , HHRBRAGRBEHHEKIR (104,106 ) F£BAEEFHENF
FASMES (100,102 ) AR E,

2016-03-23

2014-05-15

patsnap


https://share-analytics.zhihuiya.com/view/07ac69dc-f98b-480b-8b1b-638e38ee8133
https://worldwide.espacenet.com/patent/search/family/051897817/publication/EP2996553A1?q=EP2996553A1

