In FIG. 3, 72 is a latch release button, 73 is a coil spring, 74 s a leaf spring, 78 is a latch dlaw, 76
is 7 suppart (A}, and 77 is a support (B

3A shows a state it which the latch mechardsim is locked, and FIG. 3B shows a'state in which the
tatch mechanism is opened,

in FIG. 34, the leaf spring 74 is temporarily hooked on the latch claw 78, and the support (B} s
resiricted from entering the support {4} 76

I thds state, in FIG, 3A, the imterval between the first arm 31 and the second srm 32 is limited
from being widenad,

That is, it ix difficult 1o drop off the bivlogical information detection apparatus that once
sandwiches the ving bady.

[0064]

Here, as shown in FIG, 3B, when the laivh release button 72 s pressed, the leaf spring 74
restrained by the coil spring 723 opens in the divection of the arrow and is released from the latch

3 ey

pawl 75,

When the leal spring 74 is released from the latch claw 75, the suppert {B} 77 can enter the
support (A} 786.

In this state, in FIG. 34, the interval between the Rrst arm 31 and the second arm 32 is widened.

That is, it becomes easy to remove the biological information detection apparatus that once
sarwtwiched the living body.

[0065]
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As described above, the living body information detecting apparatus of the present invention can
adjust the distance between the other ends of the pair of anms by the distance variable
mechanism provided on the support shaft, and doses net widen the distance between the other
ends. hie to the temporarily restricting lateh, the sensor attached (o the arm can be kept in close
contact with the living body, so it can be mounted in an appropriate position with an appropriate
contact pressure corresponding te the difference in individual body shape. Thus, the bielogical
information can be detected stably.

10066
{Embodiment 3} The biological information detection apparaius according to the present
embodimment 18 an adjustment screw for mounting & sensor or an adjustment screw for mounting
A sensor in the above-described biological information detection apparatus. Bach of the first arm
and the second arm has a function of adjusting one or hoth of the distance between the surface
of the first arm and the surface of the first arm and the distance befween the surface of the
sensar and the second arm. Or bioth,

{0067}

FIG. 4A is a front view of a configuration example of the biological information detertion
apparatus of the present embodiment, and FIG. 4R is a plant view of the configuration example of
the hiclogical information detection apparatus of the present embodiment,

In FIG. 4 and the following drawings. some names are not shown in order to avoid complexity of
the drawing.

In the configuration example of the biological information detection apparatus shown in FIGS. 44
and 48, the biological information detection apparatus includes an adjustment screw 42 on the
first arm 31 and a senser 33 mounted on the adjustment serew 42, The case where the space |
interval of the sensor 33 with which the adjustment screw 42 and the sensor 34 with which the
2nd arm 32 s equipped is adjusted is showss

{n addition, it is arbitrary to provide a rotation mechanism and a fach mechanism.

[D068]

132018 18

902



As a mechanism of the adjusting screw 42, a mechanism for adjusting the position of the sensor
33 by rotating the screw and adjusting a distance between the sensor 33 and the sensor 34, ara
mechanism for adjusting the position of the sensor 33 by friction and fixing it with a fixing
serew, May be used to adjust the distance between the sensor 33 and the sensor 34,

[0069]

As described above, when the biclogical information detecting device of the present embodiment
is attached to the tragus of the auricle, for example, the distance betweeti the sensor 33 and the
sepsor 34 is adjusted by an adiustment surew in response to idividual differences in the shape
of the tragus. The sensor 33 and the sensor 34 can be attached to the tragus with an appropriate
contact pressure,

100708
in the following embodiments, an auricle tragus will be described as an example of the
protrusions of the human auricle,

{0071}

{Embodiment 4) FIG. & shows an example of mounting the biological information detection
device to the auricle.

In FIG. 5, the bislogical information detection device is attached to the tragus 1 soas to be in
contact with both sides, the sensor 33 provided in the first arm 31 15 outside the tragus 1, and
the sensor 34 provided in the second arm 32 is the fragus 1. It is attached in contact with the
inside.

Since a part of the second arm 32 and the sensor 34 arve inside the tragus 1, they are indicated
by brokesn lines.

10072}

As described above, when the blological information detection device according to the present
embodiment {5 worn on both sides of & part of the living body, for example, the tragus 1 of the
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auricle, it detects individual differences in the shape of the fragus 1. Then, the position of the
sensor 33 and the sensor 34 can be adjusted by the distance variable mechanism 40 or the
rotation mechanism 41, and the sensor 33 and the senser 34 can be attached to the appropriate
position of the tragus 1 inan appropriate contact state,

Ih addition, it 1s arbitraty 1o provide a rotation mechanism and alatch mechanism.

10073)

{Embodiment 5} The biclagical information detection apparatus of this Embodiment is a cass
where the above-mentioned biologival information detection apparatus is further provided with
an ear hook that goes arcund the root of the auricle,

FIG. 6A shows a configuration example of the binlogical information detection apparatus of the
present embodiment, and FIG. 68 shows a mounting state of the configuration example of the

biological information detection apparatus of the present embodiment on the auricle.

In the case of the configuration example of the biological information detection apparatus shown
in FIG. 8A. the first arm 31 s provided with an ear hook mechanism 46, and the ear hoak
mechanism 46 is connected to the auricle as shown in FIG It has a mechanism that goes around
the base of the ear ring 5 from the base, goes around the base of the pinna, and fixes the
biological information detecting device te the pinna.

{0074}

The shape of the ear hook may be a ring shape along the pinna.

Alternatively, a siructure may he adopted in which the ring goes around along the base of the
auricle and the ring s dosed by a clasp.

Purther, the tightness of the closed ring may be adjusted with a stopper.
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{007 5]

The material for the ear hook may be a plastic metal, solder alloy, zinc alloy, brass, copper alloy,
aluminum alloy, stainless steel, Ni alloy, tin alloy, or shape memory alloy.

The resin sysiem may be plastic, vinyl chiloride resin, aceylic resin, ABS resin, MC nylow;
fluororesin (PIPE), polycarbonate, pelypropylene, polyethylene silicene resin, polyurethane resin,
or natural rubber,

By selecting such 2 material, individual differences such as the size of the subject’s pinna can he
absorbed.

{0078]

As described above, the living body information detection apparatus of the present embuodiment
farther includes the ear hooking mechanism 46 that wraps arcund the base of the auricle and
suspends it on the auricle. Deviation from the tragus position of the device due to the above can
be prevented.

For this reasen, a biclogical information detection apparatus is stably fixed to the auricle, and
binlogical information can be detected move stably.

10077}

It is also possible 1o make the ear-hooking mechanism detachable from the main body of the
binlagical information apparatus and select an ear-hooking mechanism having a size suitahle for
the subject.

{0078]

{Embodiment 6} The living body information detection device of this embodiment is the above-
described living body information detection device, the cushion provided on the auricle side of
the arm arranged on the auricle side of the pair of arms, Thix is a case of further including a
magnet provided on at least one of the arm provided with a cushion and the ear book, and a
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magnet or & magnetic body provided on the other.

{0079)

FIG. 7 i a dagram showing a state in which the biclogical information detecting device of the
present embodiment is attached to the auricle, and the auricle Is a cross section by a horizontal
plane in the viciaity of the tragus 1 viewed from above the head of the Hiving body. The living
body information collecting devive is a schematic view showing a state where the Hving body is
atiached 1o the living body as viewed from above the head of the living body, and a combination
of hoth,

In FHE 7, the cushion 435 is disposed outside the second arny 32, the cushion 45 includes &
nmagnet 47 at a position in contact with the auricle, and the ear hooking mechanism 46 isina
position i contact with the auricle on the back side of the auricle. Is provided with a magnet 48,

{0080}

The magnet 47 and the nagnet 48 are on both sides of the pindon 4 of the auricle, and are
installed with polarities in which a magnetic force acts on each other, The magnet 47 and the
magnet 48 are fixed In contact with the auricle.

10081]

As described above, by providing the cushion 48, sven when the arm of the biclogieal
information detection device is formed of a hard maierial, i can be worn for a long time without
causing pain to the subject.

The living body information detection apparaius of the present embodiment further includes a
magnet that exerts a magnetic force an the side where the cushion 45 comes into contact with
the auricle and the side where the ear hooking mechanism 46 comes into contact with the
auricle, and detects living body information. The apparatus can be more comfortably fixed to the
auricle and biometric information can be detected more stably.

1D082)

11122018 20

906



In FIG. 7. two magnets 47 and 48 are used, but one may be a magnet and the ather may be a
magnetic body.

Further, the magnet 47 or the magnet 48 may be installed inside the cushion 45 or the ear hook
mechanism 46, respectively.

10083}

As described above, the living body information detecting device of the present embuodiment is a
small and Hght weight that can be attached 1o & living bead more comfortably at an appropriats
position with an appropriate contact pressure corresponding to a difference in individual body
shiape. Thus, it is possible to detect biological information more stably and continuously.

{0084}

{Emhodiment 7} In the biological information detection device of this embodiment, the main body
of the biological information detection device described above is atfached 1o one of the left and
right pinna of the buman body, and the pair of arms and the 1 This is a case that further includes
a bridge that connects the auricles to which the pair of arms are not mounted, and a power
supply unit that is arranged in the middle of the bridge and drives the sensor.

10085]

FIG. & shows a wearing state of the biological information detection apparatus of the present
embodiment.

In FIG. 8, 30 is a biological informaiion detection apparatus, 80 is a bridge | bridging 82 s a
power supply part.

in the configuration example of the biological information detection device shown in FIG. 8, the
nxadn body of the biplogical information detection device described above s attached 1o one of
the left and right pinna of the human body, and the pair of arms and the pair of arms A power
supply unit for driving the sensor is arranged on the bridge that connects the auricles to which
the sensor is not attached via the back of the human body,
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Inn the case where the pair of arms is provided with a cudl, a pump for supplying and exhausting
the cudl together with the power supply unit may be disposed.

{0088}

The cross-tinking material may be a plastic metal, solder alloy, zine alloy, brass, copper alloy,
atuminum alloy, staindess steel, Ni alloy, tin alloy, or shape memory allay.

The resin system may be plastic, vinyl chiloride resin, acrylic resin, ABS resin, MC nylon,
fluororesin (PTFE), polycarbonate, polypropylene, polvethylene silicone resin, or polyurethane
resi.

By selecting such a material, individual differences such as the size of the subject’'s head can be
absorbed.

{0087}

1 ix also possible to make the bridge rensovable from the biological information device main
body and select a bridge having a size suitable for the subject.

it ts also possible to make the bridge stretchable so as to match the size of the subject’s head,

{0085

I FIG. 8, the bridge is routed through the back of the head, but may be routed through the top of
the head or under the chin.

By arranging the power supply unit on the head, it is possible to easily carry and manage the
biological information detection apparatus.
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It addition, by disposing the pump on the head, it becomes easier to fix the pipe, and noise can
be reduced when detecting hiological information:

{0089

As descoribed above, the biological information detection device can be stably attached to the
anricles by providing a bridge across the lefl and right auricles.

Further, by making the power supply unit separate {rom the arm side, the arm side can be
reduved,

{0090}

{HEmbodiment 8} The biological information detection apparatus according to the present
embodiment is the same a3 the ghove-described biological information detection apparatus, as
shown in FIGS. BA and 9B, for example, in the sensor 33 shown in FIG, Instead, a support 57 is
provided, a cuff 56 is provided instead of the sensor 34, a Hght emitting element 61 and a light
receiving element 62 are provided in the cuff 56, and the cuff 56 {s previded with an air pipe 36
for supplying aiy. .

Here, FIG. 9B is an enlarged view of the support 37 and the cuff 56 in a state where the
biological information detecting device of FIG. 9A s attached to the tragus 1, and to aveid the
coraplexity of the drawing. In addition, the Hght emitting element 61 and the light receiving
element cuff 62 are not shown in the cull 56 shown in FiG,

By incorporating the light emitting element and the light receiving element as sensars into the
cufl, it is possible to acquire biclogical Information on the living body part pressed by the cuff.

(009 1}
GA and 9B, the support 57 s disposed on the first arm 31 and the cuff 56 is disposed on the
secand arm 32. However, the suppart 57 is dispased on the second arm 32. The cuff 56 may be
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disposed on the first arm 31,

{0092]

The light emitting clement 81 and the Hght recelving slement 82 in the cuff 56 shown in FIG. 98
form a reflection iype pulss wave defection sysiem te detect a pulse wave.

1In the process of detecting the pulse wave as described above, the blood pressure can also be
measured by applying pressure 1o the tragus 1 with the cuff 56,

10093]

{Embodiment 9} A binlogical information detection apparatus according to the present
embodiment includes a pair of opposed arms, a support shaft that connects the pair of arms at
one end of each of the pair of arms, and the support shaft A distance variable mechanism that
adjusts the distance beiween the other ends of the pair of arms, and the other end of ai least one
arm of the pair of arms on the opposite side of the pair of arms, An atfached cuff that presses
against the living body, and by a state where air Is exbausted from the coff, an arm to which the
cuff is attached or a frame surrounding the periphery of the cuff abuts on the living body, and air
is applied to the cuff. The cull'is in contact with the surface of the living body and presses the
tragus.

10094]

FIG. 10 shows a configuration example of the biclogical information detection apparatus of the
present embodiment.

In FIG. 10, 1 15 a tragus, 31 is a frst arm, 32 is a second arm, 35 is a support shafi, 55 is a cuff,
and 56 is a cuff In FIG. 10, a cuff 85 is disposed inside the tip of the first arm 31 that has an
arcuate or bowl shape, Rather than pinching the tragus 1 with the oudf 5§, the binlogical
information detecting device is fixed at the position of the tragus surface at the tip of the arm
around the cuff 58, and the cuff 85 is supplied with the air to the coff 85 for the fivst time. A
pressure is apphied to the fragus 1 in contact with the surface of 1.
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{0095]

With such a configuration, when the cult is being exhausted, the cuff surface does not come into
contact with the tragus surface, so that it is possible to prevent pressure from being applied to a
site where biological information is actually obtained. For this reason, it is possible (o remove the
measurement errvor factor due 10 the pressure applied to the surface of the tragus rather than
bringing the cull itself into comtact with the trages from the beginning and fixing the biclogical
information detection device.

10096]

In FIG, 10, the coff 85 is disposed on the first arm 31 and the cuff 56 ix disposed on the second
arm 32, but the same configuration may he adopted even when the cuff is dispased on only ane
arm. it can. Moreover, in FIG. 10, although the front-end | tip part of the 1starm 31 or the 2nd
army 32 has become bow shape or bowl shape, it is not Hmited to these shapes. it is sufficient that
the inside of the cylindrical shape, the square cylindrical shape, the cone shape, ar the like is
hollow. The arm itself i3 not Hmited to such a shape. A frame surrounding the cuff may be
attached to the arm.

{0097]

As described above, the arm to which the cuff is attached abuts the tragus when air is exhausted
from the cuff, and the cuff contacts the tragus surface while air is supplied to the cuff. By using a
iving body information detection device that compresses the tragus, it is possible to eliminate a
measurement etror factor due to pressure applied {0 the cuff.

10098]

{Hmbodiment 10} A biological information detection apparatus according to the present
smbodiment inclides a pair of opposed arms, a spindle that connects the pair of arms at one end
of the pair of arms, and the spindle A distance variable mechanisim that adjusts the distance
between the other ends of the pair of arms, and the other end of at least one arm of the pair of
arms on the opposits side of the pair of arms, And a cud! for pressing the living body, and at least
the cufl is detachable from an arm to which the culf is attached.

{0099}
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FIG. 11A is a frant view of a configuration example of the biological informarien detecrion
apparatus of this embadiment, and FIG. 11R is a plan view of the configtration example of the
biological information detection apparatus of the present invention.

11A and 11B, 31 is a first arm, 55 is a cuff, and 86 is a sealing material.

In FIG 11 {A) and FIG. 11 (B}, the culf can be exchanged by extracting the arm tip provided with
the culf 55 in the direction of the arrow, In the configuration example of the hiolagical
information detection apparatus shown in FIGS, 11A and 118, the aom tp and the arm body are
made of rubber so that there is o air leakage from the pipe that supplies and exhausts alr to the
cuff 55, It s necessary to install a sealing material 86 such as packing or silicon.

{0100}

FIG. 12A is a front view of another confignration example of the biclogical information detection

apparatus of this embodiment, and FIG. 128 s a plan view of another configuration example of
the biological information detectinn apparatus of the present invertion. 124 and 12B, 31 isa
first arm, 33 is a sensor, 55 is a cull, and 86 is a sealing material. In FIG. 124 and FIG. 12R, the
cuff can be exchanged by extracting the arm tip provided with the cuff 55 in the directien of the
arrow. In the case of the configuration example of the biological information detection apparatus
shown in FIGS. 124 and 12B, the cuff 55 includes the sensor 33 inside, and thus air is supplied to
the cuff 55 including the support base of the sensor 33, It is necessary to attach a sealing
material 86 such as rubber packing or silicon hetween the arm tp and the arm body so that
there is no air leakage from the exhaust pipe.

{0101}

The cuff and support mechanism that touches the tragus are sasily solled by wax, sebum, etz
and is subject to wear, so the cuff can be easily removed from the arm by cleaning the cuff. Or
replacing it can prevent cufl leakage and reduced permeability. In addition, disposing the cuff
and the support mechanism has an advantage that hygiene management becomes easy.

{0102]
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{Embodiment 11} A living body information detection apparatus according to an embediment of
the present invention includes a pair of opposed arms, & support shaft that connects the pair of
arms at each end of the pair of arms, and the support shaft A distance variable mechanism that
adjusts the distance between the other ends of the pair of arms, and the other end of at least one
arm of the pair of arms on the oppaosite side of the pair of arms. And a cuff that presses against
the living body, and at least one of the cuffs can change a direction in contact with the living
hody.

10103]

FIG. 13 shows a configuration example of the biological information detection apparatus of this
emnbodiment.

In FIG. 13, 31 is a first arm, 35 is a support shaft, 85 is a cufl, 56 is a cuff, and 88 is a culf
rotation mechanism, In FIG. 13, the cuff 55 has a cuff rotation mechanism 88 that can change
the direction in which the cuff 55 vontacts the tragus. If the first arm 31 s an arm arranged

[0104]

Since the cuff 55 that contacts the outside of the tragus has a degree of freedom of rotation, if
the distance between the cuffs s adjusted to a length that matches the tragus shape of the
subject, the angle of the cuff is strictly Even if it does not adjust, since the rotation angle of the
cuff 55 is determined with respect to the tragus so as to follow the tragus shape, the sase of
wearing is improved.

10105}
The cuff rotation mechanism 88 nuay have a structure that can change the divection of contact
with the {ragus within one plane, but if the structure that can change the divection of contact

with the tragus within two planes, the cull confacts the tragus. Making it even easier,

10106

in FIG. 13, only the coff §5 disposed on the first arm 31 has a structure capable of changing the
direction, but only the cuff 56 disposed on the second arm 32 has a structure capable of
changing the direction. Alternatively, both the cuff 55 and the coff 56 may have a structure
capable of changing the direction.
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{0107}

As described above, by providing the cull disposed on the arm with a structure that can change
the direction, it is easy 10 attach the biological information detecting device to the fragus.

In particular, since the ouff 55 that contacts the outside of the fragus bas a degree of freedom of
rotation, if the distance between the cufls is adjusted io a length that matches the tragus shape of
the subject, the angle of the cuff can he adjusted. Even if It is not strictly adjusted, it becomes
easy 1o attach to the tragus.

|0108]

{Embodiment 12} A biological information detection apparatus according to the present
embodiment ircludes a pair of opposed arms, a support shaft that connects the pair of arms at
each end of the pair of anms, and the support shaft A distance variable mechanism that adjusts
the distance between the other ends of the pair of arms, and the other end of at least one arm of
the palr of arms on the opposite side of the pair of arms. And a cuff that presses against the
Hiving bedy, and at least one of the cuffs can slide in a longitudinal divection of an arm to which
the cufl is attached.

10109}
If the first arm 31 is an arm arvanged outside the tragus, the cuff 58 comes into contact with the
outside of the tragus.

10110}

FIG. 14 shows a configuration example of the bivlogical information detection apparatus
according to the present embodiment.

In FIG. 14, 31 is a first arny, 35 Is a support shaft, 55 s a cudf, 56 s a cuff, and 80 is a cuff slide
mechanisn.
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In FIG. 14, the cuff 55 has a culf slide mechanism Q0 that can slide in the long axis direction of
the first arm 31, and by changing the position of the cuff 85, the cuff 55 can be brought inte
cortact with the tragus in an optimal position. .

10111

Asshown in FIG, 14, when a spring for pulling the cuff 55 to the tip ol the firstarm 31 is
provided, the cuff 55 seftles at a stable point when the caft 55 comes into contact with the
iragus,

Further, a spring that extends to press the cuff 55 against the tip of the first arm 31 may be used.

0112}

Further, in FIG, 14, anly the cuff 55 is configured to slide, but only the cuff 56 that contacts the
inside of the tragus may be configured to slide, or both the cuff 55 and the coff 56 may be
configured to slide. You may comprise so that it may slide.

{0113]

It FIG. 14, the cudf 55 i3 merely shid in the lengitudinal divection of the first arm. However, if the
structure in which the direction of contact with the tragus of the cuff 55 can be changed, the cuff
becomes an optimal part of the tragus. It makes it sasier to abut.

{0114}

As described above, the distance between the other ends of the palr of arms can be adjusted by
the distance variable mechanism provided on the support shaft of the living body information
detection apparatus, and the cull is slid to be arranged ai the optimum position en the living
buody. be able to.

{0115]

{Embodiment 13} A living body information detection apparatus according to the present
embodiment includes an ear haok for suspending & body of a living body information detection
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apparatus mounted on a humarn auricle at a root of a human earn, and the ear hook. And a power

supply unit for driving the sensar on the head side behind the auricle.

Furthenmare, a pump for supplying and exhausting air to the cuff may be provided.

{01186]

FIG. 15 shows a wearing state of the biolagical information detection apparatus of the present
embodirnent.

in the configuration example of the biological information detection apparatus shown in P 15,
a power supply unit {not shown} for driving the sensor and a punip 84 for supplying and
exhausting a cuff (not shown} are arranged o the ear hook mechanism 46.

Further, switches 83 may be arranged,

{0117}

The material and structure of the crosslinking ave the same as those described above.

By arranging the power supply unit in the ear hooking mechanismy, it is possible to easily carry
and manage the biological information detection device. By placing the power supply unit on the
gar hook, the burden on the anm can be reduicad, and noise due to wiring vibration can be
reduced. In addition, by disposing the pump on the head, it becomes easier to fix the pipe, and
noise can be reducad when detecting biological information,

{0118}

The biological information detection apparatus according to the present invention can be used
for blood pressure measurement, pulse wave measurement, and blood flow measurement for
health and beauty.
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{0119}

{A} s a front view of the structural example of the biclogical information detection apparatus of
this Embodiment, (B} shows the top view of the structural example of the biclagical information
detection apparatus of this fnvention.

{A} is a front view of the structural example of the bielogical infovmation detection apparatus of
this Embodiment, (B} shows the top view of the structural example of the biological information
detection apparaius of this invention, It is a Hgure explaining the latch mechanism with which
the hiometric information detection apparatus of this Embodiment is provided. (4) &5 a front view
of the structural example of the biolegical information detection apparatus of this Embodiment,
(B} shows the top view of the structural example of the hiological information detection
apparatus of this invention. It is a figure explaining the example of mousting | wearing with the
pinna of the binmetric information detection apparatus of this Embodiment. (A} shows a
configuration sxample of the biological information detection device of the present embodiment,
and (B} shows a mounting state of the configuration example of the bielogical information
detection device of the present embodiment on the auricle, It is & figure which shows the state
which mounted | worn the biological information detection apparatus of this Embodiment to the
said pinge. It is a figure which shows the mounting state of the biometric information detection
apparatus of this Embadiment. (A} shows the example of a structure of the biometric information
detection apparatus of this Embodiment, {B) is an enlarged view of the support body and the cnif
part of the state which mounted | wore the tragus with the biometric information detection
apparatus of (A} . It is a figure which shows the structural example of the biemetric information
detection apparatus of this Embodiment. (A} is a front view of a configuration example of the
biological informatinn detection apparatus of the present embaodinrent, and (B) is a plan view of 8
configuration example of the biological information detection apparatus of the present invention.
{A} is a front view of a configuration example of the hiological fnformation detection apparatus of
the present embodiment, and (B) 15 a plan view of a configuration example of the biological
information detection apparaius of the present invention, It is a figure which shows the structural
sxample of the biometric information detection apparatus of this Embodiment. It is & fipure
which shows the structural example of the biometric information detection apparatus of this
Embadiment. If is a Bgure which shows the mounting state of the blometric information deiection
apparatus of this Embodiment. It s « figure explaining the name of each part of an auricle.

Explanation of symbols

0120}
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DESCRIPTION OF SYMROLS 1 Tragus 2 Pair of beads 3 Bar concha 4 Pair of rings 5 Ear ring 6
Pair of wheels 7 Ring ring 8 Ear concha cavity 30 Biological information detection device 31 Ist
arm 32 Znd arm 33 Sensor 34 Sensor 35 Support shaft 36 Air pipe 37 Signal line 40 Distance
variable mechanism 41 Rotating mechaniam 42 Adjustment screw 45 Cushion 48 Ear hook
mwechanism 47 Magnet 48 Magnet 58 Cuff 56 Cuff 57 Support body 61 Light emitting element
62 Light receiving element 70 Spring 71 Latch mechanism 72 Latch release button 73 Coil
spring 74 Leaf spring 75 Latch tab 78 Support body (A} 77 Support body (8} 8O Bridge 82
Power supply unit 83 Switches 84 Pump 86 Sealing material 88 Cull rotation mechanism 80
Cudf slide mechanism
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method and system for providing health
managementservice
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The invention provides the effective service for
managing health than the user the health management
service providing system is disclosed comprising the mu
Itiple bio-signal instrumentation systems, which transmi
ts the bio-signal sensed in each sensor with the wireles
s communication method the user includes multiple sen
sors sensing the bio-signal of the classification it is att
achable to the human body of the user and the health
care server, which provides the tutorial in which the us
er joins for the service for managing health of the kind
and the portable health care system which the user is
portable ; the user operates the service program for pr
oviding the service for managing health in which the us
er joins ; and provides the service for managing health
from each bio-signal instrumentation system to the wir
eless communication method based on the received bi
o-signal, and the tutorial received from the health care
server.
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The service for managing health, the bio-signal
instrumentation system, the portable health care
system, the health care server, the measuring
instrument support server .

O & & ¥ (Representative drawing)

300
100-1
HF7]
X8 My
H1 MAH AME
HE AlAH
200
. /
Foig Az
B T | #el AlAH
B 100-n
/ 400
HE MAH
Fab2 8 Gl
An
a9 HH Scope of Claims
A 18 Claim 1:

AZ R I Off & J%BHJ#, SFE M ASE 2Kk The multiple bio-signal instrumentation systems, which
= Ch=OHe dIAE FHIGHH, A 2 MMM 2 X El= MK transmits the bio-signal sensed in each sensor with the
CSE R S6l Aoz ﬂ*o}“ Ct==2 MIl AlS A= Al wireless communication method the user includes multi
A AD| AR IR Gl B89 Az2t2el MHIAZ 2@/ ple sensors sensing the bio-signal of the classification i
Bt X EAE M 25H= H222] MBS A AFZ2 XD &0 Ot tis attachable to the human body of the user and the
SEI0, A AL XD JIelsle H222] MHIAZ M =517 health care server, which provides the tutorial in which
9Bt HHIA T20ME PS5, AD| 2 4H A5 H= Al the user joins for the service for managing health of th
ﬁ%g;ga A R EA YA OR AaG= AD| AT A e kind and the health management service providing sy
S99, A HAUBR AHZEH A5 = NEAZ J|gtoz  stem which the user is portable ; it operates the servic
A AT MHIAZS H26ts SHE M2 A AL % e program for providing the service for managing health
LEsls 2 SXOZ 5l AL AMHIA M AlAE in which the user joins ; and comprises the portable he
alth care system providing the service for managing he
alth from each bio-signal instrumentation system to the
wireless communication method based on the received
bio-signal, and the tutorial received from the health car
e server.
28 Claim 2:
M1 ol AN H, éﬁ\ SE DJ 2ae] AIAE 2, UESRKA As for claim 1, the health management service
£ S5l a0 A2r2el MBI 5104, AD] XIZA & A% providing system which the portable health care syste
MSE ISRz éi | AFZAI2 A2t & ‘:‘E MAB5I0d 2235 m connects to the health care server through the netw
T, AD H2 BE L AD| MI ASE AD| AA22] M2 ork ; it produces the health information of the user bas
HEES EXOZ 5= HA22| MHIA ME AlAH, ed on the tutorial and bio-signal and it outputs ; and is
characterized transmitting the health information and bi
o-signal with the health care server.
X 38 Claim 3:
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M1 S0l AU A, A2 22 MBs, 40 SUE H22&  As for claim 1, the health management service

2l AIAEICZEH AT = A 2 EFE Ml A2, 40| providing system renewing the tutorial according to the

It Xl A2 ZEO et &0 XEME AAlGtH MZ&2  health information of each classification bio-signal, in w

EZOZ 5t AL MHIA M2 AAEH, hich the health care server is received from the portabl
e health care system and subscriber and is characteriz
ed by the providing.

& 48 Claim 4:

M1 UNM, &) M=, Z2EF2(PPG) MA, II£& The health management service providing system of

JIYAFHI(GSR) MM, MBS (EKG) 4lAl, TIS25(SKT) 4 claim 1, wherein the sensor comprises any one or great

M, TSRS (ECG) MM £ It S (Accelerometer)  er among the photoplethysmograph (PPG) sensor, the g

MM = 0L 6L OlAIS Z8icl= HE EZ 22 = 2422 alvanic skin reflex group (GSR) sensor, the electrocardi

2l AMHIA "= AAE, ogram (EKG) sensor, the skin temperature (SKT) senso
r, the electrodermal activity (ECG) sensor or the accele
ration (Accelerometer) sensor.

A 58 Claim 5:

M1 ol AAM, &1 8H U A=

| A2 A AFE X As for claim 1, the health management service
o &ty &ate =tgt =

o= = , ST 2t providing system which the bio-signal instrumentation s

N L= 150 &ae 5+ = )IsllE & E0E atLiel  ystem is characterized being implemented among the ri
SIEHE PEEE EZOZE ot HAA2E MBlA M2 AlAE, ng type whom can mount to the user finger, and the w
ristlet type which can mount to the wrist or the breast

band-like which can mount to the breast in the form of

0

at least one.

A7 68 Claim 6:

M1 80l UM, &0 Sl s H22el AIAE0| a0 24 As for claim 1, the health management service

M A AS AL 4] 26 S8 HAE AS2 = 21 providing system which further includes the measuring i

= Ceololt 2208 = MSotks HSJ| X MBE O 28 nstrument support server in which the portable health

ote N2 EECZ 6tz A2 &2 AHIA W3 AIAE. care system provides the driver program which can be
connected to each bio-signal instrumentation system a
nd wireless communication method.

S 78 Claim 7:

M1 &0 ACA, &2 MI &S HS AAE2,H30| 2101 As for claim 1, the health management service

| t

I REE W, A Sle Hda2e AAdoe2 8 Al & providing system which the power source is applied and

S(URL)E E&6l= HA AR MEIA MBS AIAE, the bio-signal instrumentation system is driven ; and tr
ansmits the unique identifying information (URL) with th
e portable health care system.

A 88 Claim 8:

AMAEE, As for claim 6 or 7, the installing automatically is the
AMNARCERH 4= 4] U7 A%  health management service providing system the driver
S0l Z=2 30 £XI5 0 A=K HFE program which confirms whether the portable health ca
E0lotl, AXE0 UK 28, &4 AHSI| XNE MHEZ & re system the driver program corresponding to the unig
O

\ =} &f
Jl DAY HEY dgol=s S0l T2 082 @Fold, ue identifying information received from the bio-signal i
&I HEI XNE MHESRH HB& = &0 S0l Z23  nstrumentation system is installed ; it is not installed ;
H2 NS AXlote A2 AEIA M3 AIAE. it requests the driver program corresponding to the uni

gue identifying information as the measuring instrument
support server ; and is provided from the measuring ins
trument support server.

a7 98 Claim 9:
M1 80l AN M, A 222 AMbis, &) AIEXIe 242 As for claim 1, the health management service
Cl

FE L= M AESE JIBe=Z SIA £= MEJHIA &1 X providing system which the health care server asks abo
O‘ X

A M AEE ZoHH, &J| NIFME MH/AHA6t1, 4] ut the preparation of the tutorial based on the health i
NEME &) EUE H2Zt&el AIAESZ HEScts Hd22el nformation or the bio-signal of the user to the doctor o
MEIA ME AlAE. r the expert ; it renews the tutorial with the productio
n / : and provides the tutorial to the portable health ca
Page 3 of 20
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re system.

A3 108 Claim 10:

M1 S0l UANA, &2 SUE A2 AlAg 2, &) 2t 4 As for claim 1, the health management service

HAs A= AMAHOZRH e 7S MAH A&t T+ providing system wherein the portable health care syst

M =AlEEH, A 2 MI AT HE AAER MA AZISIF  em chooses the sensor reliability of each bio-signal inst

JIA =2 M| ASE ME5H= H2H2t2] MHIA M2 Al AE. rumentation system is the highest bio-signal the bio-sig
nal of the kind is received to the manifoldly that is iden
tical from each bio-signal instrumentation system.

A 118 Claim 11:

M1 ol AN M, &I AdZ24e] AMblAEs. 242 A A4,  As for claim 1, service for managing health. The health

Zge 24 management service providing system which is any one

Al ~gl.  of health check service, the emergency determination
service, and the emergency management service or th
e disease service for managing health.

2ol MblA = o= atutel 242h2te] MulA H)

A 128 Claim 12:

Cha=oiel MH Al H=S AMAED, 2222l MH & HI=D|  The portable health care system which comprises the

X M HZC = S A2 AIAEN AN M,AF2  multiple bio-signal instrumentation systems, the selecti
TE2SE I HY F§EE ela2ern, AJ| AFEXIJF AJ] 242 ng unit, the RF interface receiving each classification bi
22| AB0l 50 H22e] Ml AN JFeE &~ AAE2 51 o-signal from each bio-signal instrumentation system to
= MEHSQL A 2 M AS HE AMAEOCZEEH 24 E4 the wireless communication method, the network interf
FAOT 2t ZE2Y Ml AISE 440l & CIHEIOIAS  ace unit, the storage storing the health information, an

Job I

T

oA H2AR2 MHZSE WERIE S5l XA A L AHl d the tutorial and bio-signal, the bio-signal, and the co
ATDZOHS 2A610, HED NS MHEEE YEg32  ntrol unit providing the service for managing health, an
S5 SRI0lH TEOES 445l WES T QB E 0/ Ag9, dthe selecting unit the basis health information is inpu
A HY FE, XA L M AB2 HESs HEs9 A T from the user as to the portable health care system c
I MHIA TEOBS AS61D, A D& S4l HAOE A4l onnected to the health care server and measuring instr
Cle A MR AIBQ, A A2UBR| ABZEE AT X ument support server ; .and the user connects to. the h
ZME JHIOZ A AFR X} JlelEt H2rap) My A= 5 ealth care server and joins the service for managing he
Dsl= §oleE2 Batsls 22 =xo2 sl= a0g Az alth; the network interface unit receives the tutorial an
2| AlAEL d service program from the health care server through
the network ; and receives the driver program from the
measuring instrument support server through the netw
ork; the bio-signal operates the service program ; and i
s received to the wireless communication method; and
as to the control unit, the user joins based on the tuto
rial received from the health care server.
23 135 Claim 13:
M 12 80 UM, &7 s, 40 XM Y AD] 83 As for claim 12, the portable health care system which
S E JECZ A AFERE 22 HEE MASH0 =23t the control unit produces the health information of the
0, A M A & A HY HEE MY A2d22 MBHE  user based on the tutorial and bio-signal and it output
FIHLZ L= AAANECZ BE5SE EF22 6t= SUE s ; and or is periodically characterized by the bio-signal
2ate] AlAE, and health information to the health care server transm
itting with the real-time.
P 148 Claim 14:

M 128HH AUOA, & M=, 850l 8H A5 A= Al As for claim 12, the portable health care system

A oHE ol S0l Z2 a0 X EH A=K H=EE wherein the control unit is characterized the installing

E0oloty, AXIE N AKX Z2H, & ASI| XY AHE & automatically box the driver program that requests ; an

J S0 E203 S 25D, s=4lZ= A =210l & d is received the measuring instrument support server t

SIS IS AXEgE S22z 6 g A222l AlA  he driver program it is not installed it confirms whether

&, the driver program corresponding to the bio-signal instr
umentation system connecting is installed or not.

fr
3o

ol

A 158 Claim 15:
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The health management service providing method
comprising preparing the step of subscription and basis
health information being registered at the service for m
anaging health the health care server connects from th
e user through the portable health care system, and th
e health care server is the tutorial according to the kin
d of the basis health information and the service for ma
naging health joining to provide the step, of providing t
o the portable health care system the step of multiple
bio-signal instrumentation systems sensing the bio-sign
al of the classification of the user and transmitting with
the wireless communication method with the portable h
ealth care system, and the portable health care syste
m is the service for managing health based on the abov
e-mentioned sensed bio-signal and tutorial.

Claim 16:

As for claim 15, the health management service
providing method for being characterized that the port
able health care system produces the health informatio
n of the user based on the tutorial and bio-signal and t
he step of providing the service for managing health ou
tputs.

Claim 17:

As for claim 15, the health management service
providing method further including the step that the po
rtable health care system transmits the classification bi
o-signal and health information with the health care ser
ver, each classification bio-signal, and the step of rene
wing the tutorial according to the health information of
the subscriber and providing, and as to each classificat
ion bio-signal, the health care server is received from t
he portable health care system.

Claim 18:

The health management service providing method of
claim 15, wherein the bio-signal comprises any one or g
reater among the photoplethysmograph (PPG) signal, th
e galvanic skin reflex group (GSR) signal, the electrocar
diogram (EKG) signal, the skin temperature (SKT) signa
|, the electrodermal activity (ECG) signal or the acceler
ation (Accelerometer) signal.

Claim 19:

As for claim 15, the health management service
providing method further including the step, and the ins
talling automatically is the step the driver program whe
rein the bio-signal instrumentation system confirms acc
eptance and rejection the driver program corresponding
to the step of transmitting the unique identifying inform
ation (URL) with the portable health care system, and t
he unique identifying information in which the portable
health care system is received from the bio-signal instr
umentation system is installed the power source is appl
ied and it is driven, and the step it is not installed ; an
d of requesting the driver program corresponding to the
unigue identifying information as the measuring instrum
ent support server., and the measuring instrument sup
port server transmit the driver program corresponding t
o the unique identifying information, and as to the, the
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portable health care system is received from the measu
ring instrument support server.

Claim 20:

As for claim 15, the health management service

providing method the health care server the preparatio
n of the tutorial asks about the preparation of the tuto
rial based on the health information or the bio-signal of
the user to the doctor or the expert ; and for being ch
aracterized renewing the tutorial with the production /.

Claim 21:

As for claim 15, the health management service
providing method the same bio-signal of the kind is man
ifoldly received from each bio-signal instrumentation sy
stem ; and further including the step that the sensor r
eliability of each bio-signal instrumentation system cho
oses the highest bio-signal.

Claim 22:

As for claim 15, service for managing health. The
health check service, the emergency determination ser
vice, and the emergency management service or the h
ealth management service providing method for being ¢
haracterized receiving at least one among the disease
service for managing health.

Claim 23:

The health management service providing method for
being characterized comprising receiving the step the u
ser connects to the health care server and it joins the
service for managing health as to the service providing
method of the portable health care system connected
to the multiple bio-signal instrumentation systems, and
health care server and measuring instrument support s
erver ; and of the basis health information being regist
ered from the user., and the tutorial according to the k
ind of the basis health information from the health care
server and service to produce and output the step, of
operating the service program it stores the step of rec
eiving each classification bio-signal from each bio-signa
| instrumentation system to the wireless communication
method, and the health information according to the se
rvice program based on the bio-signal, received to the
wireless communication method and tutorial.

Claim 24:

The health management service providing method for
being characterized of claim 23, wherein the installing a
utomatically the driver program which or periodically co
nfirms the bio-signal and health information as the heal
th care server whether the driver program correspondin
g to the step of transmitting with the real-time, and th
e bio-signal instrumentation system connecting is instal
led ; it is not installed ; it requests the driver program
as the measuring instrument support server ; and is rec
eived further include the step.

Background Art
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Z 2ge Az e MHlS S AILE & 2 -0l 28 2 The present invention relates to the health

Ol Ct. management service providing system and method ther
eof.

ey, MEE, BEH J=2 g€N, 0|8 £=Cte CE”& 2 & It is the reality when the health condition of the

ERZE S 22 ooz chHO‘CO\ 22 AEI0 242 2 modern peoples over the time gets worse because of t

Steld U= SA0IMH, ASS BIIZ 2lotd 24200 Cist 24 he reason including the today, the industrialization, the

o ZJtatd = F=AHIOICH power generation of the computer technology, the pow
er generation and environmental contamination of the
mobile tool etc. and it is the trend increasing of the co
ncern about health due to the increase of the income.

Olefet AL XISl 52 SSAII1D| #1510 MAIE J1£2 2 The bio-signal system, in which the existing health

dacl ALE2 AEXS Xl U5 E HSote 4= Al care system which is presented it satisfies the desire o

AR, A2 *E ol MHIAE MBcte Ad222l AIA”O0l 45 f such user measures the bio-signal of the user and the

A SO0 AISXI2 BRI AS0l UiEt 242 HEi2HE SXIolE  health care system providing the service for managing

El 31\7’— f health mutually work and it notifies only the health con
dition toward the bio-signal of the user but it stops.

CLsh, JEL HA22 AlAEE MA A4S E HS5H0, 1 Z Moreover, the existing health care system measures

IS EXdl=M OXD ASSZ, AIZ2XI HE2F 2l XAl the bio-signal and consequently the value is notified of

0l gl= AElUAE AN 202 L& 6HK| 2RI L. but the value stops. In that way the effect is unable t
o be exhibited in state without the knowledge in which
the user is special.

g g, 2129 743*1*3\ AMAEIE HaXl HI=E Ml &S For example, the existing health care system can

E 2% C= 02T SElZ2 AIZ2X0H MEE == A2L,  provide the bio-signal which the basic value is measure

M A2 AR = HsSE M AW 2 212 AEHE ¥ d for the user to the value or the graph type. But it is

S50 AFZ XM M 55HK X S22, AI2Xt= 8 TH Xtale|  clear the health condition according to the current heal

212 AFEHOI CHBHOI S &talH =tols 2= 91 o0, 8 212 4 th condition or the measured bio-signal is not transmitt

EHOll CHE SHE L O 2HZE HAg = A= 2es oIX|g  ed to the user. In that way the user specifically canno

2 Q208 thaol M Ml AFEHDIS AMEXH0IH Ye2iz== t confirm the health condition of the current oneself an

Jls0rS M= =0|C). d the problem and the method for raveling the problem
about the current health condition cannot be recognize
d. In that way the user provides only the function of ju
st informing the user of something only the current org
anism state.

Ol=2dd, JI&ES AuEe| AIAHEZ2 QXIS AEHE 2 X[ot= And in the short distance between the bio-signal

A Msz HE AMAED M2 2H2UM e (5 F \O+ instrumentation system and the server in which the exi

OF2F MBIAE MBE = U= S22t H 0| [ 20, AFEXE sting health care system senses the state of the huma

It MZ22 M &S HE AAEE 0lEct DAt 6t ?§$OHE n body, it has the spacious obstacle providing the servi

E5o EX WHZ HE F00F AIEE & A= HHESO0l A ce only when being connected to the streamline and af

Ch. ter it passes through the separate installation process i
n the case to use the bio-signal instrumentation syste
m in which the user is new to be troublesome.

2HAHO UHE Summary of Invention

2o 2 Effects of the Invention

APD[B BIQE 20, 2 22 AIEXIDF XAI0] #ol=s H222] As described above, the present invention has the

MHIAS MEIE &= O, QAR 22 M2I12 Zradt= Al effect that the user can choose the service for

S JHel AL KB MO, 212 AFEHE J|pto 2 Jiel3 managing health in which oneself wants and ***

S| HADR I IISE & QOM, AIRXIS M2 AFEYE H =35} private health administration tutorial, prepared of the
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=y, Hzolgr z2e  expert like the doctor and the health management

= = =

HA ML EEHZ AT AU S2HAM ASE HESHOZM, A indiv_idualized basgd on the_health condi_tion can be
SR B AN SEHS FAS S L 0N, A= XS T possmle_ and the b|0-5|gnall mstrumentatlon system for
MHITIES 22 A58 4 9= 5117} QU0 T8 Ajgx Mmeasuring the heallth condition of the user measures

T Bl A M AB HE AAHS 20 /HESIE Zots the S|gna| to the ring, the bracelet, and the accessory-
=Co MK WEIO0 ZA M ASE K= A o= =117} style like the earring in each part of the body. In that

oICt way the discomfort can be minimized on the wearing of

e the user and it can miniaturize as well as the measuring
location dispersively is arranged. Moreover, it has the
effect that immediately the bio-signal can be measured
without the separate installation process in case the
user changes the phase bio-signal instrumentation
system of the piece with additional /.

== Al Technical Task
Cietsd 2 282 4J|12 €2 SME =S i Z01I] /A5t 2 Therefore, the invention is invented to solve the
= oz, oXel AHE Z2XotH 8l 4 S5E HEot= 2E above-mentioned problem. And in order to dispersively
HME KM Al SEIE 24 HIXIE +~ ASS 2831610 Al arrange all kinds of the sensors perceiving the state of
I E2E £+ AEE 5t H2Zr2tel MulAet, Al 4S5 the human body and provide the bio-signal to the acce
HE AL SELHE MBS = AEF ot0 MEX= & ssory-style it miniaturizes and the user puts and the in
St= &Il 415 HASAIAEE 28610, /6t= 2222l Al dependency between the service for managing health,
AE EE = UEE Stz 200] ULCH and the bio-signal instrumentation system are provided
and the bio-signal instrumentation system in which the
user wants is put on and it has to receive the desired s
ervice for managing health.
ot 2 YE2 AU MEIASE MBL= AIZEXNE2 2428 Moreover, the invention provides the health
KIS A 22l6t0d et 48 XFE S 322 = A management service providing system which asks abou
S 5t1, AIZX0L 2 Z8ote Ml &S HIS AAE-S SFU t the health needle of the users receiving the service f
et 22l HE2 AX UE 80l AAU22 MEBIAZE WM or managing health to the doctor and it receives the su
SYE & U= A2l MBIA MS A28 2 0 SES M itable health needle and on a real time basis can receiv
=ot= 200 O SH 0| UCH e the service according to the kind of the bio-signal ins
trumentation system which the user puts without the i
nstallation process of being troublesome and method th
ereof it has the purpose.
BHO 24 Y HE Structure & Operation of the Invention
&) SHE g4ob)| flgh 2 ¢ =0 [ A2 A2l The health management service providing system
MEIA ME AAEE, AFZ2XH2 QLHIo 2 Jts5t0d, 5% according to one side of the invention for achieving the
2o Ml ASE 2 Xloks C=liel MM E FHl610f, 2F 44 purpose is attachable to the human body of the user a
A Z2RE= Il 4SS E RE S ZA OS2 ME6H= L=  nd multiple sensors sensing the bio-signal of the classifi
Of Ml Al HE AAED, AIZXD I ots 372 242 cation are included and the multiple bio-signal instrume
2l MHIAZ 28 XIEME MZ5t= H222] A2, A2 X ntation systems, transmitting the bio-signal sensed in e
I S04 D560, AFEXID 212 ats 222l MHIAZE M= ach sensor with the wireless communication method an
B10| 98t Ml A Z2032 2S5tm, 2 4% A5 H= Al d the health care server, providing the tutorial in which
ACORSE DM SA YAIOZ £Ag= MY AlS9, 242 the user joins for the service for managing health of th
Do MHESE 24 5= KEME J|gtoz 42022 MH|A e kind and user are portable and the service program fo
= 25l SR H2ADR| A|AHS TS, r providing the service for managing health in which the
user joins is operated and the portable health care syst
em providing the service for managing health from each
bio-signal instrumentation system to the wireless comm
unication method based on the received bio-signal, and
the tutorial received from the health care server is impli
ed.
= LB e e AL2el AA-E, UIEKZE S A The portable health care system according to the
2hae] MBI E 5604, AEM L MAl ASE JI8re= ALE present invention transmits the health information of th
T U HEE MASGI0 225110, 1Y 8 L M7 A5 e user based on the tutorial and bio-signal it connects
= H2ADUZ| AR ® B to the health care server through the network to the h
ealth care server the health information and bio-signal i
t produces.
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According to the health information of each
classification bio-signal, received from the portable hea
Ith care system and subscriber, the health care server
according to the present invention renews and provide
s the tutorial.

The sensor according to the present invention is any
one or greater among the PPG (photoplethysmogram :
photoplethysmograph) sensor, the GSR (the galvanic sk
in reflex : galvanic skin reflex group) sensor, the EKG (e
lectrokardiogramme : electrocardiogram) sensor, the SK
T (skin temperature : skin temperature) sensor, the EC
G (electrodermal activity : electrodermal activity) sens
or or the acceleration (Accelerometer) sensor.

The bio-signal instrumentation system according to the
present invention is frozen but it is implemented among
the ring type whom the bio-signal instrumentation syst
em according to the present invention can mount to th
e user finger, and the wristlet type can mount to the w
rist or the breast band-like can mount to the breast in

the form of one.

The health management service providing system
according to the present invention further includes the
measuring instrument support server in which the porta
ble health care system provides the driver program whi
ch can be connected to each bio-signal instrumentatio
n system and wireless communication method.

If the power source is applied and it is driven it
transmits the unique identifying information (URL) with
the portable health care system.

As to the portable health care system according to the
present invention, it confirms whether the driver progra
m corresponding to the unique identifying information r

eceived from the bio-signal instrumentation system is i

nstalled and if it is not installed , it requests the driver

program corresponding to the unique identifying informa
tion as the measuring instrument support server and it

automatically sets up the driver program provided from

the measuring instrument support server.

The health care server according to the present
invention asks about the preparation of the tutorial bas
ed on the health information or the bio-signal of the us
er to the doctor or the expert and it renews the tutoria
| with the production / and it provides the tutorial to th
e portable health care system.

As to the portable health care system according to the
present invention, if the same bio-signal of the kind is
manifoldly received from each bio-signal instrumentatio
n system the sensor reliability of each bio-signal instru
mentation system chooses the highest bio-signal.

The service for managing health according to the
present invention is any one of health check service, t
he emergency determination service, and the emergenc
y management service or the disease service for mana
ging health.

The multiple bio-signal instrumentation systems
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according to the dissimilar side and the portable health
care system connected to the health care server and
measuring instrument support server of the present inv
ention comprise the selecting unit which the basis heal
th information is input from the user and the user conn
ects to the health care server and joins the service for
managing health, the tutorial through the network from
the RF interface, receiving each classification bio-signa
| from each bio-signal instrumentation system to the wi
reless communication method and health care server a
nd the storage, which stores the network interface uni
t, receiving the driver program from the measuring instr
ument support server through the network and health i
nformation, and the tutorial and bio-signal it receives t
he service program and the control unit which operates
the service program and provides the service for mana
ging health in which the user joins to the wireless com
munication method based on the received bio-signal, a
nd the tutorial received from the health care server.

The control unit according to the present invention
transmits the health information of the user based on t
he tutorial and bio-signal to the real-time it produces.

It confirms whether the driver program corresponding
to the bio-signal instrumentation system connecting is i
nstalled and if it is not installed , it requests the driver
program as the measuring instrument support server an
d it automatically sets up the received driver program.

The method for providing the service for managing
health according to another side of the present inventi
on comprises the step of the health care server conne
cting from the user through the portable health care sy
stem and subscription and basis health information bein
g registered at the service for managing health, the he
alth care server is the basis health information and the
step it makes the tutorial according to the kind of the
service for managing health joining and of providing to
the portable health care system, the step of multiple bi
o-signal instrumentation systems sensing the bio-signal
of the classification of the user and transmitting with t
he wireless communication method with the portable he
alth care system, and the bio-signal. As to the bio-sign
al, the portable health care system is sensed and the s
tep of providing the service for managing health based
on the tutorial.

The portable health care system produces the health
information of the user based on the tutorial and bio-si
gnal and the step of providing the service for managing
health according to the present invention outputs.

The method for providing the service for managing
health according to the present invention further includ
es renewing and providing the step that the portable h
ealth care system transmits the classification bio-signal
and health information with the health care server, and
the tutorial according to the health information of each
classification bio-signal, in which the health care server
is received from the portable health care system and s
ubscriber.
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The bio-signal according to the present invention is
any one or greater among the photoplethysmograph (P
PG : photoplethysmogram) signal, the galvanic skin refl
ex group (GSR :galvanic skin reflex) signal, the electroc
ardiogram (EKG :Electrokardiogramme) signal, the skin t
emperature (SKT:skin temperature) signal, the electrod
ermal activity (ECG : electrodermal activity) signal or t
he acceleration (Accelerometer) signal.

The power source is applied and the bio-signal
instrumentation system further includes the step if is dr
iven of transmitting the unique identifying information
(URL) with the portable health care system, the step it
confirms whether the driver program corresponding to t
he unique identifying information, the step of transmitti
ng the driver program, and the installing automatically i
s the step the driver program. As to the step it confirm
s whether the driver program, the portable health care
system is received from the bio-signal instrumentation
system is installed and if it is not installed of requesting
the driver program corresponding to the unique identifyi
ng information as the measuring instrument support ser
ver. As to the step of, the measuring instrument suppo
rt server falls under the unique identifying information.
As to the, the portable health care system is received
from the measuring instrument support server.

As to the preparation of the tutorial according to the

present invention, the health care server asks about th
e preparation of the tutorial based on the health inform
ation or the bio-signal of the user to the doctor or the
expert and it renews the tutorial with the production /.

The method for providing the service for managing
health according to the present invention further includ
es choosing the sensor reliability of each bio-signal inst
rumentation system is the highest bio-signal the same
bio-signal of the kind is manifoldly received from each b
io-signal instrumentation system.

The service providing method of the multiple bio-signal
instrumentation systems according to another side and
the portable health care system connected to the heal
th care server and measuring instrument support server
of the present invention comprise the step if the user c
onnects to the health care server and the user joins th
e service for managing health , of the basis health infor
mation being registered from the user, the basis health
information from the health care server and the step it
stores and of operating the service program, the step
of receiving each classification bio-signal from each bi
o-signal instrumentation system to the wireless commu
nication method, the bio-signal received to the wireless
communication method, and the step of producing the
health information based on the tutorial according to th
e service program and outputting the tutorial according
to the kind of the service is received.

The step or that the service providing method of the

portable health care system according to the present i
nvention periodically transmits the bio-signal and healt
h information with the health care server with the real-
time, and the installing automatically is the step the dri
ver program further are included. The installing automa
tically is the step the driver program confirms whether
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the driver program corresponding to the bio-signal instr
umentation system connecting is installed and if it is no
t installed it requests the driver program as the measuri
ng instrument support server and is received.

Hereinafter, the health management service providing
system and the method thereof according to the inven
tion are particularly illustrated with reference to the at
tached drawing.

Figure 1 is a block diagram for illustrating the health
management service providing system according to the
preferred embodiment of the invention.

Referring to Figure 1, the health management service
providing system according to the present invention co
mprises the multiple bio-signal instrumentation systems
(100), and each bio-signal instrumentation system (10
0) and the measuring instrument support server (300)
and the health care server (400) connected to the wir
elessly connected portable health care system (200), a
nd portable health care system (200) and network.

And the health care server (400) provides the service
for managing health about the user it operates with th
e expert or the specialized agency making the health m
anagement tutorial the health related information is an
alyzed, such as the doctor. That is, the different respe
ctively health management tutorial is prepared accordin
g to *** health information and the bio-signal in which
the health care server (400) joins the service for mana
ging health and it transmits with the portable health ca
re system (200) of the correspondence user and the se
rvice for managing health is provided.

The health check service, the emergency
determination / management service, the disease servi
ce for managing health etc. can become as to the serv
ice for managing health, and it is the service which ana
lyzes the blood pressure of the user, pulse, the body t
emperature etc. and in which for example, the health ¢
heck service determines normality acceptance and reje
ction and if the user chooses the health check service
the health care server (400) provides the normality or t
he health management tutorial grasping on the abnorm
al state according to the value including the blood pres
sure of the user, pulse, the body temperature etc. and
the service program and health management tutorials p
roviding the service selected by the user are provided.

The everywhere each bio-signal instrumentation
system (100) is attached and set on the human body o
f the user and the bio-signal of the human body sensed
from the adhered sensor is provided.

And the bio-signal instrumentation system (100) can
transmit the bio-signal with the wireless communication
method with the portable health care system (200) and
such radio communication system the infrared ray com
munication method, the Bluetooth communication meth
od, the Zigbee communication method or the RFID (Rad
io Frequency Identification) communication method et
C. can be used.
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The user the portable health care system (200) is
portable and the characteristic of the bio-signals recei
ved from each bio-signal instrumentation system (100)
is analyzed and the service for managing health which
the user chooses is provided.

The health care server (400) transmits the health
related information of the user according to the bio-sig
nal received from the portable health care system (20
0) to the portable health care system (200) of the user
the health management needle of the doctor the docto
r prepares the health management needle which is suit
able to the correspondence user it stores and the healt
h related information is asked about to the doctor.

The measuring instrument support server (300) stores
the installation module including the measuring instrume
nt related information and process program information
of each bio-signal instrumentation system (100) which
the user uses etc. and the installation module of the ¢
orresponding bio-signal instrumentation system (100) is
provided to the portable health care system (200).

Figure 2a is a drawing illustrating the bio-signal
instrumentation system according to the first preferred
embodiment of the invention.

The drawing 2a shows the ring type bio-signal
instrumentation system (100) according to the first pre
ferred embodiment of the invention. And in the bore fix
ed region of the ring, the PPG sensor is adhered and th
e analog processing module (110) is installed in the fixe
d region of the diameter surface and the PPG sensor an
d analog processing module (110) are electrically conne
cted.

If the user inserts the ring type bio-signal
instrumentation system (100) in finger , photoplethysm
ograph (it calls because of being less than, and PPG) s
ensor of the bore of the ring sense the photoplethysmo
graph of finger and the PPG bio-signal is transmitted wi
th the analog processing module (110) and the analog
processing module (110) transmits the PPG bio-signal w
ith the wireless communication method in the portable
health care system (200).

And the space in which the analog processing module
(110) can include the power supply device (for exampl
e, the battery) in the inside is prepared and the PPG bi
o-signal is transmitted with the wireless communication
method.

Figure 2b is a drawing illustrating the bio-signal
instrumentation system according to the second prefer
red embodiment of the present invention.

The drawing 2a shows the wristlet type bio-signal
instrumentation system (100') according to the second
preferred embodiment of the present invention. And in
the diameter surface of the ring, the galvanic skin refle
x group (it calls less than the galvanic skin reflex becau
se of being GSR) sensor, the electrocardiogram (it calls
less than the Electrokardiogramme because of being EK
G) sensor, and the skin temperature (it calls less than t
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he Skin temperature because of being SKT) sensor lam
p are adhered and the electrodermal activity (it calls le
ss than the electrodermal activity because of being EC
G) sensor, and the SKT sensor lamp are adhered in the
bore.

JdelD 2o 2FH AX A2 I A0l GSR dlA, EKG And the GSR sensor on the substrate of the fixed level
Hl A, SKT UM SO| S350, MXl 452 225110, A/D in the diameter surface of the ring, EKG sensor, and th

ABE o0 MAl ASE CXE Ao Mz BHEst 0|F0 e digital processing module are included. The digital pro
SN EN LAOR SHE HAHE| AAE(200)22 &S5+ cessing module the SKT sensor lamp is adhered and it fi
= [CXE Hel 22 FH|8tC. Iters the bio-signal and transmits with the wireless com

munication method with the portable health care syste
m (200) after it converts into A/ D and it converts the
bio-signal into the signal of the digital method.

L JIE AUlE AFEXIDE MAH AMSE SUIE A2 22| AlA Moreover, the button and bio-signal sensing start

E(200)2 2 &&ols HE L M1 45 ZX A& HE S0/ button etc. can be installed on the substrate the user

AxXE = UL transmits the bio-signal with the portable health care s
ystem (200).

0l 4 8t, |& AT H= AMAE(100)2 AMEXIDEF &%, and the wristlet type bio-signal instrumentation

= A
Off XA S/, LhE S —':r’Z C|= ECG MM 2 SKT dlAf= E system (100) transmit the ECG sensor which if the user
| Al52 2Xol0d OXE Hel @& wears the wrist , is adhered to the bore. And SKT sens
1 E\ = HB\ OS2 ECG Ml A3 2 SKT 44x or is the ECG bio-signal and SKT bio-signal to the digita
5% SIS A2 22| AAE(200)22 ®EEH. | processing module is the portable health care system
(200) the ECG bio-signal and SKT bio-signal it senses.

>
o
i

Cak, AFERIDFENE MI && HE AIAE(100)2 2/FH  Moreover, the user puts the end portion of the
Ol £2H=l GSR MdlAf, EKG 4lA, SKT & A0 2t 22122  opposite finger above the GSR sensor, adhered to the
ZEES 2HED, MAUl A3 2K AEHES =20, GSR diameter surface of the wristlet type bio-signal instrum
“lM, EKG dlA, SKT dlAS2 GSR Ml 415, EKG 44Xl 4 entation system (100) the EKG sensor, and the SKT se
S, SKT M7 AlE2 ?:.*X\EPD_, Nz HeES ;Em C/xe nsor and if the bio-signal sensing start button is presse
Mol 9E2 Mz, UXE Mo Rse a0 A#2nel Al 4, the GSR sensor, the EKG sensor , and SKT sensors
AE(200)0F 2 M ABE AL sense the GSR bio-signal, the EKG bio-signal, and the S
KT bio-signal and if the send button is pressed , the us
er transmits with the digital processing module and the
digital processing module transmits each bio-signal with
the portable health care system (200).

S 2ce 2 2o M 3 AAIN 2 MAl &5 HS AlAE Figure 2c is a drawing illustrating the bio-signal

£ 8%o)| /& SHOICh instrumentation system according to the third preferred
embodiment of the present invention.

C 2c= = LI H 3 AAMH OHE D}%Eﬂ: Ml &S A The drawing 2c shows the breast band-like bio-signal

= AAE(100")E SAIE 2oz, IS E MH Als H= Al instrumentation system (100) according to the third pr

AHS Q= QXS SR YS AXI5t= II=TH (Accelero  eferred embodiment of the present invention. And the

meter) e} OIX ®=010| SKT dlA, EKG 4lA S0l ==t&C}. SKT sensor, and the EKG sensor lamp are adhered to th
e accelerometer and the human body contact side in w
hich the breast band-like bio-signal instrumentation sys
tem senses the movement of the human body in the ou

tside.
JISUE M AS HS AIAE(100)2 48 #5 MY 2 & The breast band-like bio-signal instrumentation system
Z2ot= iE 22, 2ASH S& MEHE LIEtW = LED( )2}, (100) includes the battery supplying the predetermined
ASHY MRS 2/AE 4= s THAIR HED, 5I=MH0 M & drive power, the LED (lamp) showing the operation stat
U2 2/QTE 4 Q= MY HES AH|EHC e for the outside, the restart button resetting the pow

er source in the upper surface, and the power button.
The power button comes the power source from the bo
ttom surface can switch off.

IS A, SKT dlAl, EKG M & 2 HES I A0 #8  Accelerometer, SKT sensor, the on/off or the SKT

S ASHOZ HEE 4 A2, AEXII HE5t= BEW sensor the bio-signal instrumentation system (100) acc
2l MAH &S HE AIAH(100)2 822 2/2T51{LY, 2| ording to the button, the bio-signal received from the E
M50, SKT M Af, EKG A Z28E 4415 = MA a5, I KG sensor, and the control means (not illustrated) are i

Page 14 of 20

954



SCHEZRE 2ALs 2X AEE K602 B8 A2
ANAE(200)22 FE5l= HOf 2CHDISA)S TH BHCH

T 32 = L YIRS AAM OIS SHE A222| Al
AHIS HE5D| QB 22 THOICL

AD| 32 BESIY, =LY 2 SUE 2 %EE\ AAE
(200)2 24 OIEHO|AS(210)9, H\E% OIEI B0l A
(220)9), £ 2(230)2, £H2(240)9, X ES(250)9,
HIO{2(260)2 &t}

A R4 QIHHOIAS(210)S 2 MI| &S H= ALY
(100)2Z 26 MI| ASE S48

A HES A QIEHOIAS(220)= HERKIE S5 H=D
X AH(300) L A222 MtH(400)0 FSESCIE:

T KHI(300)25E Cololt Tzl
2l HBI(400)E e A2l XS 2el51, 23|
QAU B HEE ALV ABI(400)E F

Ul
S
rr

Ny

1222 A (400)2RH 5=
FUHE A2 &2 AIAE(200)0] ’é'iiﬂ
NEMNZ J0toz MASIS M2

BN
=

o
o
)

o
al

o 0T

HL AT 08 0%
iz e~
ol
kJ

>d
oA
o
O

&I HHS(260)=

1, A2ae I\X‘MOP,
O M2t DRl REZS MA
= S50 AFEXHI A
MOHE(260)= 42 2&

E

X

in M
Opt
Jn
g
il
ML
x
on

> 0z
>
>
fo
]

>
W ol

[>T
]
Z_—i_

s

Y o
(USPT

_” J
7
(1]
0x v
H =
£l
M oy
J¥ 1
o

=
o
[s] !
a2

(]
o
o

E*
)

b

r

A g
)

m 03 HT T
1

A

]
w0

o —

(400)= MESHH, SIADL
ot HZael XMIEAE gdl

\JO
(jM'
_ M

%
|

i
%

]
Fbr >
0

J

=]

ok
o
[al

o
O>~

7 AS A= AIAE(100)2 ALEXL =E
, A AE A= AAE(100)2 0F A
g d2z2el AlAE(200)22 &56H,
| AlAE(200)2 IHCH—'—(ZSO)_ os AME HE20 ofe
B}OH:H T2 080l 4XIL0 AKX HFE &elst o

IS/ AKX H29, H=D| X& AMH(300)=2 E=0t

o
ol

EFE

o oo e 1R
fr &

=

w0 o

>h

ncluded. The on/off or the SKT sensor the bio-signal in
strumentation system (100) according to the button th
e EKG sensor and each button are implemented on the
substrate and it can be connected to the signal wire a
nd the user chooses. The power source it resets. The

control means (not illustrated) wirelessly transmits the
sensing signal received from the accelerometer with th
e portable health care system (200).

Figure 3 is a block diagram for illustrating the portable
health care system according to the preferred embodim
ent of the invention.

The above the portable health care system (200)
according to the present invention includes with the RF
interface (210), with the network interface unit (220),
with the output unit (230), with the selecting unit (24
0), with the storage (250), control unit (260) with refe
rence to 3.

The RF interface (210) receives the bio-signal from
each bio-signal instrumentation system (100).

The network interface unit (220) transmits the driver
program from the measuring instrument support server
(300) it connects through the network with the measur
ing instrument support server (300) and health care ser
ver (400) to the health care server (400) the bio-signal
and health related information the health management
tutorial is received from the health care server (400) it
receives.

The selecting unit (240) includes multiple key buttons
and the user chooses the service and the basis health i
nformation is input.

It stands with the health management bringing and the
storage (250) is received from the health care server
(400) the portable health care system (200) analyzes t
he bio-signal and the health related information produc
ed based on the health management tutorial is stored.

The control unit (260) provides the health management
tutorial, and user the health related information is outp
utted to the output unit (230) after the analyzed bio-si
gnal is compared and is examined the health related inf
ormation is produced the received bio-signal is analyze
d to the classification with the service for managing he
alth. And the control unit (260) transmits the health rel
ated information and bio-signal with the health care ser
ver (400) and the doctor updates the health managem
ent tutorial according to the health related information
and bio-signal.

Moreover, the user puts on the bio-signal

instrumentation system (100) and on lower-side , and t
he bio-signal instrumentation system (100) transmit th
e unique identifying information (URL) the power source
with the portable health care system (200) and if the ¢
ontrol unit (260) of the portable health care system (2
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00) confirms whether the driver program corresponding
to the unique identifying information is installed or not t
he power source is not installed the user connects with
the measuring instrument support server (300) and the
driver program corresponding to the unique identifying i
nformation is requested and if the driver program is rec
eived the received program is automatically set up and
the bio-signal is received from the corresponding bio-si
gnal measurement signal to the radio system.

Figure 4 is a flowchart for illustrating the service for
managing health flow of the health management servic
e providing system according to the preferred embodim
ent of the invention.

In the above is the S100 step with reference to 4, the
user connects to the health care server (400) through
the portable health care system (200) and the user joi
ns the service for managing health and the desired ser
vice for managing health is chosen and the basis health
information which the user inputs is transmitted. That i
s, the user chooses the service in which oneself wants
in advance rather than in the health care server (400)
and the health care server (400) performs the service
and the services which the user chooses but the neces
sary program information is transmitted with the portab
le health care system (200) and it is automatically inst
alled.

For example, if the case where the health care server
(400) provides the health check service, the emergenc
y determination / management service, the disease ser
vice for managing health etc., and the user choose the
health check service determining normality acceptance
and rejection including the blood pressure, pulse, the b
ody temperature etc. the service is operated with the
corresponding service module but necessary health ma
nagement tutorials are provided. The health manageme
nt tutorial of the case of being such health check servi
ce can include the blood pressure of the user, pulse, a
nd the range value determining normality acceptance a
nd rejection of the body temperature and such values
are adjusted upward according to the determination of
the doctor and the doctor is reported at the control an
d it can be used for the service. And according to the
service which the user as to the tutorial, chooses and
*** health condition or the medical history, it can be a
ppropriately formed.

Then, the health care server (400) in the S110 step
transmits the service program information relating to th
e service which the user chooses, and the tutorial of t
he target service to the portable health care system (2
00). Accordingly, the program information and the tutor
ial in which the portable health care system (200) is re
ceived are automatically set up.

The bio-signal instrumentation system (100) in the
S$130 step the user puts on the bio-signal instrumentati
on system (100) in the human body transmits the uniqu
e identifying information (driver URL) to the portable he
alth care system (200).

And then, in the S140 step, the portable health care
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system (200) confirms whether the driver program acc
ording to the unique identifying information received fro
m the bio-signal instrumentation system (100) is install
ed or not. Next, in the S150 step, if the portable healt
h care system (200) the driver program is not installed
it connects to the measuring instrument support server
(300) and the driver program of the corresponding bio-
signal instrumentation system (100) is requested. Acco
rdingly, the measuring instrument support server (300)
in the S160 step transmits the driver program correspo
nding to the unique identifying information of the bio-si
gnal instrumentation system (100) to the portable heal
th care system (200). And then, the driver program in
which the portable health care system (200) is receive
d from the measuring instrument support server (300) i
s automatically set up.

In the meantime, if putting on the new bio-signal
instrumentation system (100) while the user uses the h
ealth care system (200) the driver program correspondi
ng to the unique identifying information which also is re
ceived from the bio-signal instrumentation system (10
0) like this is not installed , the driver program is trans
mitted from the measuring instrument support server (3
00) and the user establishes. Moreover, in case the sa
me bio-signal of the kind is received from multiple bio-si
gnal instrumentation systems (100) the bio-signal recei
ved from the bio-signal instrumentation system (100) in
which the reliability is high among the bio-signal instru
mentation system (100) is chosen and it can use.

Then, in the S170 step, the bio-signal sensed through
the sensor which is attached to each bio-signal instrum
entation system (100) via is transmitted with the porta
ble health care system (200). And then, in the S180 st
ep, the portable health care system (200) analyzes the
tutorial, received from the health care server (400) and
the bio-signal received from each bio-signal instrument
ation system (100) and the service selected by the us
er is provided. For example, in case the user chooses t
he health check service the current health condition is
good according to the received bio-signal whether the
user outputs whether it is dangerous and the user mak
es a diagnosis of health.

Next, the portable health care system (200) in the
S$190 step transmits the service selected by the user t
o the health care server (400) all kinds of the health re
lated information generated with the department provid
ing and the bio-signal received from the bio-signal instr
umentation system (100). Accordingly, the health care
server (400) in the S200 step transmits the health con
dition of the user to the doctor periodic or the health ¢
ondition information and bio-signal are changed to the
portable health care system (200) the tutorial which as
ks and it renews the tutorial and if the tutorial is updat
ed in the S210 step , is updated. That is, the doctor p
eruses the health information of the user in time when
oneself from time to time wants from the health care s
erver (400) and the health condition of the user is dete
rmined and the new needle is prepared in the need and
in case the doctor the health care server (400) change
s the health management tutorial it transmits in the por
table health care system on a real time basis and the h
ealth management tutorial is updated.
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Figure 5 is a flow chart drawing for illustrating the
method for providing the service for managing health a
ccording to the preferred embodiment of the invention.

In the above is the S300 step with reference to 5, the

user connects to the health care server (400) through

the portable health care system (200) and the user joi

ns the service and while the desired service is chosen t
he basis health information of the user is transmitted.

The health care server (400) in the S310 step
transmits the user to the portable health care system
(200) the health management tutorial according to the
service which it registers and it chooses with the basis
health information of the correspondence user. That is,
the user transmits the service in which oneself wants t
o the portable health care system (200) the health ma
nagement tutorial according to the service which the u
ser the health care server (400) chooses it chooses in
the health care server (400) and the necessary progra
m information performing services but and basis health i
nformation. For example, if the case where the health
care server (400) provides the health check service, th
e emergency determination / management service, the
disease service for managing health etc., and the user
choose the health check service determining normality
acceptance and rejection including the blood pressure,
pulse, the body temperature etc. the service is operat
ed with the corresponding service module but necessar
y health management tutorials are provided.

On lower-side the power source, and the bio-signal
instrumentation system (100) the user puts on the bio-
signal instrumentation system (100) in the S320 step tr
ansmit the unique identifying information (URL) to the p
ortable health care system (200). And then, in the S33
0 step, the portable health care system (200) confirms
whether the driver program according to the unique ide
ntifying information received from the bio-signal instrum
entation system (100) is installed or not.

Next, in the S340 step, if the portable health care
system (200) the driver program is not installed , it con
nects to the measuring instrument support server (30
0) and the driver program of the corresponding bio-sign
al instrumentation system (100) is requested. And the
n, the measuring instrument support server (300) trans
mits the driver program corresponding to the unique ide
ntifying information of the bio-signal instrumentation sy
stem (100) to the portable health care system (200).

In the S350 step, the driver program in which the
portable health care system (200) is received from the
measuring instrument support server (300) is automatic
ally set up.

In the meantime, if putting on the new bio-signal
instrumentation system (100) while the user uses the h
ealth care system (200) the driver program correspondi
ng to the unique identifying information which also is re
ceived from the bio-signal instrumentation system (10
0) like this is not installed the driver program is transmi
tted from the measuring instrument support server (30
0) and the user establishes.
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Moreover, in case the same bio-signal of the kind is

1 received from multiple bio-signal instrumentation syste

ms (100) the bio-signal received from the bio-signal ins
trumentation system (100) in which the reliability is hig
h among the bio-signal instrumentation system (100) is
chosen and it can use.

Each bio-signal instrumentation system (100) in the

adhered sensor to the wireless communication method

the portable health care system (200). And then, in th
e S370 step, the portable health care system (200) an
alyzes the tutorial, received from the health care serve
r (400) and the bio-signal received from each bio-signal

|AZ Mdeish Z<, instrumentation system (100) and the health related inf

ormation is produced and the health related information
is outputted and the service for managing health select
ed by the user is provided. For example, in case the us
er chooses the health check service the current health
condition is good according to the received bio-signal
whether the user outputs whether it is dangerous and
the user makes a diagnosis of health.

Next, the portable health care system (200) in the
S380 step transmits the service selected by the user t

X o the health care server (400) all kinds of the health re
FCH Ol 0f 2k $390¢H)| lated information which are generated it provides and t

Ol 222l MH(400)= DX = 212 AR B2 2 4 he bio-signal received from the bio-signal instrumentati

M AISI HZE ™, QAN H AFRXIQ 242 AtEZ 2251 on system (100). Accordingly, the health care server

D, NEAMNE BASHD, NEAIF Bag 0, Has Xa g2 (400) in the S390 step transmits the health condition o

SR 12U AIAH(200)22 HBEHC. f the user to the doctor periodic or the health conditio
n information and bio-signal are changed to the portabl
e health care system (200) the tutorial which asks and
it renews the tutorial and if the tutorial is updated , is
updated.

=, QA= =AIEZ KHAI0| ote AlZH 2A2t22] MB{(400) That is, the doctor peruses the health information of

SRH MBS A HEE SO0 AIEXS 242 & EHE  the user in the time when oneself from time to time wa

TESID 2Q Al ME2 XI& S &4ast, 222 A8 (40 nts from the health care server (400) and the health ¢

0)= QAP A2 &2 NIBAE HBE FLR, AAI2tSZ &0 ondition of the user is determined and the new needle i

g A2 AIAEN S50 A2 XIEAMIF ZHO0ELE s prepared in the need and in case the doctor the heal

T = G} th care server (400) changes the health management t
utorial it transmits in the portable health care system o
n a real time basis and the health management tutorial
is updated.

BHH, 2 2O ANS HFUAME FHMEQ A Al M0 2510 In the meantime, in the detailed explanation of the

SO, = LB HR0A LHLIX 2= &8 WOolA invention, it illustrated for the detailed embodiment. Bu

0124 JIX| HE0| Jts8e S20|CH Oez = 239 ¢ tit is of course that many transformation is possible in

=SS AAl W0 280 B HA S el &=5l= & figure one. It does not deviate from from the scope of

HEAC HeE OOt O B H P H 2S8 XS  the present invention. Therefore, while being limited to

Oll &5l Z oM OF 8+CF. the embodiment in which the scope of the present inve
ntion is explained and not being determined it determin
es with the range of not only the range of the inventio
n demand which will be described later but also this inv
ention demand and the equal things.

SO0 Chst 2tttet 249 Brief explanation of the drawing

T 12 =2 LT O B8t AAW O [HE Hd22e2| AMBlA Ml Figure 1 is a block diagram for illustrating the health

2 ANAEE AHGD| Qe EZEL, management service providing system according to the
preferred embodiment of the invention

C 2as =2 2o H 1 AAN 02 MH A5 H=S AMAE  Figure 2a is drawing for illustrating the bio-signal

S A%Y¥olJ| /g &, instrumentation system according to the first preferred
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embodiment of the invention
S 2be 2 2o H 2 AN T2 M &S HS AlAE Figure 2b is drawing for illustrating the bio-signal
= instrumentation system according to the second prefer
red embodiment of the present invention
T 2ce =2 ¥ H 3 AAM T2 M A5 HS AAE  Figure 2c is drawing for illustrating the bio-signal
= instrumentation system according to the third preferred
embodiment of the present invention
= 2gol ghta st AAI00 2 S0 E A 222l Al Figure 3 is a block diagram for illustrating the portable
& health care system according to the preferred embodim
ent of the invention
Figure 4 is a flowchart for illustrating the service for
managing health flow of the health management servic
e providing system according to the preferred embodim
ent of the invention

=

G 5= =2 2ol grX g AAN0 2 A2 22l MHIAZ  Figure 5 is a flowchart for illustrating the method for

HSole s A4%He)| /st S8, providing the service for managing health according to
the preferred embodiment of the invention.

#60#50HY = =0 et 252 A% > The description > of the denotation about the main

part of the < drawing.
100 : MAl A3 HE= AAY 200 : SUE H22el AIAE 100: bio-signal instrumentation system 200: portable
health care system.

210 : 24 QIEHIO[A SR 220 : HER A QIHHOIAL 210: RF interface 220: network interface unit.
230: S22 240 : 4EER 230: output unit 240: selecting unit.

250 : N&E 260 : HHE 250: storage 260: control unit.

300 : H2H2tel M 400 @ HSD! XI& MH 300: health care server 400: measuring instrument

support server.

Disclaimer

= ZAN= S5l Y US| =28 g9 A AstHA AIAE 2 0lsoll MAZASLICH [t B2EH
oz QA9 JIs4d0 JULCH, 2 SHE AH2 2= HEZ HYIHY| 2 st tﬂ‘l.*‘:'o tHalsteE e =z 0
2 HAE o ELICH AIAE 2 HERAIAS EHIIS0 2Me AN E2 F& HIOIELI =224Xs
Ol CHotd 22 HAol Mo s XX LSLILCH 2 2A= A9 AFM Z9] 80| EJOFOI ol ut [

== Floll DB 2 AIAEN MEZH MM, SAH BIEE = AS2 LA &L

(The document produced by using the high-tech machine translation system for the pate
nt and science & technology literature. Therefore, the document can include the mistrans
lation, and it should not be used as a translation by a professional translator. We hold n
o legal liability for inconsistency of mistranslation, partial omission, and data generated
by feature of system and network. We would like to inform you that the document canno
t be regenerated, copied, and distributed by being stored in DB and system for unauthori
zed general public without our consent.)
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Examined Patent Publication(B1)

Bibliographic Data

2HOo HA Title of Invention
M AE =X EX BIOSIGNAL-MEASURING INSTRUMENT
RO Abstract

éi\E ArEXIS =0 28 The measuring biological signal apparatus according to
= 20 £ (membrane); A7 ZH SIS M1 =Y & the present invention comprises the information control
CIOof AD| 229 M1 EHE XIX6ts DE KKICH; A means it is installed at the second side of the bracelet

=2 2y OHE A U E =X
i
\

SR SIHO M2 =Ho| XIS D, A DX XXt grerez member worn at the wrist of the user the supporter: br
ols
|.

5101 AD| 220 M2 =M YWaE = 0|S XX & acelet member which is installed at the first side of the

= = =

AD| OIS KIXICHDL OIS 8 H2l2 2N 610 AT _/.\_QO‘ m1 Dbracelet member and supports the first side of the wris

= =

=0 gl )\}j‘ 2Z0| 2 =3 249 RIS AFESID, AT A t and it moves the supporter and it senses the movable
S5 A20 M1 =0 U A 220 W2 = 249 X429 A Eupp:jotr’rc] a?jhetrlng c!oselgll trc: ;crl']le secontc)jI side of tthe wris
= N = Ao Ao Lan e distance in whic e movable support moves
;2(Ere5d§t ?é?&?aﬁdgrterygcgrgtzinstgljcg‘rr;n}t()ﬁeoz‘*%F and it produces the distance between the second side

= x«i E& ACIS TEGC 22 SXOE BIC) == of the first side of the wrist and the wrist and of produ
:H_ oz AT A= ‘:'Oﬂ“ED cing the radial artery (Radial Artery) displacement of th
B 2, $H A4S, 22 5% e wrist using the constant chosen with the distance be

tween the second side of the first side of the above-m
entioned wrist produced and the wrist (Predetermined).
The pulse wave, the pressure, the bio-signal, the radial
artery .

(i & & ¥ (Representative drawing)
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Scope of Claims

a5 18

MEXIS 50 85 = 20 £ (membrane); a0 2|
S M1 =% Si\E\O% A &SS9 H1 =sHE x\x\org
DF XXICH;AD 2R 22 M2 =S¢ &X2 0, &2 1D

& XX HE2ZF 0/FotH &0 =2 M2 SH LEE
= 0= XXIt; 42| 0[S XX GO olSet HelE & Xok
O &0 =2 M1 S A E=F9 M2 =8 22l HelE

o J\)il

04
&ESHD, MY MESHES ML SH Y M) &= M2 =
o 2tol Helet & & =l(Predetermined) 4t4=(constant)=S
0I2310d AHD| &2=29] @ 2 S (Radial Artery) &< (displac

ement)E AESls A8 MO =2 Z&ol=s AE STe=z
ol= Ml A5 =& EX

a3 28

M1 UMM, A dHE Ar4=2t2 0.1 WX 0.2 &2 We
UCZ HELE=E2US EXCR ot M A4S =T 2K
A 38

T3

-

H1goll AAM, &1 015 XXz 2F2| e AXHE
ot1, &0 Bt4 A XSl By 20l Tt &I =52 M2
SO EHE \Di,o | 2 MO =2 &) &8 LX2 &)
ey S%O\ FEI Mol &0 UF XX & 2 aJ| ols X
NG 2tel el & &) & 230 OE 401 &y AXe] &

o TS

=
=

J

Claim 1:

The measuring biological signal apparatus for
comprising: the bracelet member (membrane) worn at t
he wrist of the user, the supporter, the movable suppo
rt, and the information control means it senses the dist
ance; the supporter is installed at the first side of the
bracelet member and supports the first side of the wris
t; the movable support is installed at the second side o
f the bracelet member ; and it moves the supporter an
d adheres closely to the second side of the wrist; and
as to the information control means it senses the dista
nce, the movable support moves and it produces the di
stance between the second side of the first side of the
wrist and the wrist ; and of producing the radial artery
(Radial Artery) displacement of the wrist using the con
stant chosen with the distance between the second si
de of the first side of the above-mentioned wrist produ
ced and the wrist (Predetermined).

Claim 2:

©| As for claim 1, the measuring biological signal

apparatus in which the above- mentioned chosen const
ant value is set up as the value within 0.1 through 0.2
range.

Claim 3:

The measuring biological signal apparatus of claim 1,

wherein the movable support comprises the predetermi
ned resilient element, and the information control mean
s it adheres closely to the second side of the wrist acc
ording to the elasticity movement of the resilient eleme
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nt produces the distance between the second side of t
he first side of the wrist using the displacement of the
resilient element according to the distance between th
e supporter and the movable support before the elastic
ity movement of the resilient element is performed and
elasticity movement and wrist.

Claim 4:

The measuring biological signal apparatus of claim 1,
wherein the movable support comprises the predetermi
ned bolt device, and the information control means it a
dheres closely to the second side of the wrist accordin
g to the rotary motion of the bolt device produces the
distance between the second side of the first side of t
he wrist using the number of rotations of the bolt devic
e according to the distance between the supporter and
the movable support before the rotary motion of the bo
It device is performed and rotary motion and wrist.

Claim 5:

As for claim 1, the measuring biological signal
apparatus in which the information control means multi
plies by the distance between the second side of the fi
rst side of the above-mentioned wrist produced and th
e wrist and constant and it produces the radial artery
displacement of the wrist ; and the radial artery displac
ement is the distance to the position of the radial arter
y from the first side of the wrist.

Claim 6:

As for claim 1, the measuring biological signal
apparatus moving to the position of the radial artery th
e sensor means the information control means operates
the sensor driving means using the radial artery displac
ement of the above-mentioned wrist produced the sen
sor driving means further is included that is connected
to the sensor means of being installed and measuring t
he bio-signal of the user from the radial artery and sen
sor means to the bracelet member, for moving the sens
or means.

Claim 7:

As for claim 6, the measuring biological signal
apparatus comprising two or more light emitting device
s, and the pressure sensor measuring the pressure of t
he radial artery and the blood pressure of the user whe
rein the sensor means measures the oxygen saturation
of the user the red light and infrared ray are launched r
espectively to at least one pulse wave sensor: wrist th
at measures the pulse wave of the user from the radial
artery.

Background Art
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The invention relates to the measuring biological signal
apparatus, and more particularly to the measuring biolo
gical signal apparatus it measures the width length of t
he user wrist and it chases the position of the radial ar
tery positioned in the user wrist and it measures the bi
o-signal of the user from the radial artery and in that w
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ay for being convenient and it exacts measuring the bi
o-signal regardless of the sex, the age, the weight, the
wrist measurement length of the user than the everybo
dy.

Recently, the ubiquitous relative technique which is
one can be applied to all fields of the human life throug
h the whole industrial world among the issue held in hig
h repute. It is highlighted as the technical field which r
ecently the ubiquitous health care (U-HealthCare) espe
cially pays attention due to the well-being phenomeno
n. The ubiquitous health care everywhere sets the chip
associated with the medical service or the sensor up th
e living space of human. In that way the ubiquitous tec
hnology in which all humans anytime and anywhere nat
urally receive the medical service the provision is mean
t. According to such ubiquitous health care, even thou
gh it does not go to the medical practice hospital from
hospital including all kinds of the health checks or the
management of disorders, the emergency administratio
n, the encounter with the doctor etc. it can be naturall
y implemented in the daily life.

For example, in case of the diabetics patient, the belt
for the blood sugar management in which the blood sug
ar management program is mounted can be put on. The
blood sugar sensor adhered to belt from time to time ¢
an check the blood sugar of the diabetics patient and t
he insulin amount which is suitable for that can be prod
uced. When the blood sugar of the diabetics patient is
drastically decreased or the blood sugar is enhanced th
e blood sugar information can be provided the attendin
g personnel with through the wireless communication n
etwork and the attending personnel receiving the blood
sugar information with provision can take the optimal pr
escription according to the emergency or the dispositio
n.

In the part of such ubiquitous health care the daily life,
it has the hand-held apparatus for measuring pulse for
without any difficulties measuring its own pulse wave.
While the hand-held apparatus for measuring pulse is m
ostly implemented in the form of the wrist watch or the
bracelet and it wears the wrist in bed and it goes to an
d from its own pulse wave is without any difficulties me
asured.

Generally, the case , and the pulse wave of measuring
the pulse wave through the wrist can be measured fro
m the radial artery of the wrist. Therefore, for the mea
surement of the exact pulse wave, the operation of ac
curately grasping the position of the radial artery of th
e user has to be preceded. But size or the circumferen
ce of the wrist altogether variouses at human and the
user the radial artery position at the wrist is altogether
different from each other.

Therefore, according to prior art, the user moves the
sensor to the radial artery position of the direct oneself
so that the position locate the different radial artery at
the user or the inconvenience and many imprecision be
come a problem grasping the spot where the signal whi
ch is most exact is the pulse wave measured in the nu
mber places after doing the measurement by the radial
artery.
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According to the indication of the problem according to
such prior art, the development of the measuring biolog
ical signal apparatus for accurately grasping the positio
n of the radial artery positioned in the wrist of each us
er to the age, sex, wrist size, the weight etc of the us
er without the correlation and measuring the bio-signal
of the user from the radial artery is requested.

Summary of Invention
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Effects of the Invention

According to the measuring biological signal apparatus
of the invention, the width length of the user wrist is
multiplied by with the constant chosen after doing the
measurement (Predetermined) and the radial artery
position of the wrist is accurately grasped and the bio-
signal of the user is measured from the radial artery. In
that way the effect that is convenient and it exacts
measures its own bio-signal in the physical condition of
the user without the correlation than the everybody
can be obtained.

Moreover, according to the measuring biological signal
apparatus of the invention, at least one optical sensor
in the sensor means of measuring the bio-signal of the
user from the radial artery, and two or more light
emitting sensors and at least one pressure sensor
radiating the red light and infrared ray are included. In
that way the pulse wave of the user can be measured.
In addition the measurement of the oxygen saturation
according to the absorbance difference of the
oxidation of the user and reduced hemoglobin are
possible and the pressure of the radial artery is
measured through the pressure sensor and the effect
that it moreover measures the blood pressure of the
on-going basis user can be obtained.

3 As described above, it was explained by the

embodiment and drawing in which the invention was
restricted. But the invention is not restricted to the
embodiment described in the above and if this grows
up under the field in which the invention belongs, the
correction and the various deformation are possible
from such material. Therefore, it has to be grasped by
the patent claim in which the invention thought is
beneath written and its equality or the equivalent
distortion everyone belongs to the category of the
invention thought.

Technical Task

LIS At EE BN JI=2 L6 R etEE X2
= 2 & &l (Predetermi

—/._:29_‘ Q2 SO

= S% 2

Ch.

The object of the invention is to provide the measuring
biological signal apparatus it is devised it improves the
above-mentioned prior art and it multiplies by the width
length of the user wrist with the constant chosen after
doing the measurement (Predetermined) and it accurat
ely grasps the radial artery position of the wrist and it
measures the bio-signal of the user from the radial arte
ry and in that way for being convenient and it exacts
measuring its own bio-signal in the physical condition o
f the user without the correlation than the everybody.
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Lot 2 UYE2 Q= SHOZFH AIEX2 Ml ASE =& Moreover, the object of the invention is to provide the
She MIA 4=CHOl SELF Ol &S] ZHMIA, HAHZ & XM E 2t measuring biological signal apparatus it includes at leas
2t St Ele S 0lANS 2R MM, L BELE OlAFS) e+ MM Z  t one optical sensor in the sensor means of measuring t
THIEOZ M, AJ| AFRXIC HIIE =X 4 9= =0t oL he bio-signal of the user from the radial artery, and tw
21, A AIRTIC M3 Y B9 Fla 229 & =45 xlo| 0 or more light emitting sensors and at least one press
Ol 12 AL B350 =XC Jisatn, AJ| etar M= & Ure sensor radiating the red light and infrared ray and i
3 A 9= SO ot =XGI AFA| AFEXIS & o coak h that way it can measure the pulse wave of the user
=XE A QT2 5l= M| A5 =X &X2 M=Zs5t= 212 and In addition the measurement of the oxygen saturat
=2xMo2 50} ion according to the absorbance difference of the oxida
tion of the user and reduced hemoglobin are possible a
nd for measuring the pressure of the radial artery throu
gh the pressure sensor and moreover measuring the blo
od pressure of the on-going basis user.
UdHo 24 U A Structure & Operation of the Invention
ADe SXE 0|20 BHI=2 THEZ cHZalI| #1310, The measuring biological signal apparatus according to
= 2a) [ Ml AS =8 2 X=, AH2XIS 20| &2  the present invention it is comprised the purpose descri
Cle 2 £ (membrane); A7 ZH £IHS M1 =¢H0 & bed in the above comprises the information control mea
XEo AD &2 M1 =0E XXlsts X X X0 42 nsitis installed at the second side of the bracelet me

20 SHe M2 SHH AXE 10, &0 & XX geez
Ol Sat A0 &2 M2 =90 Y&s= 0ls XAIM; &
AD1 0l KIXICHIL OIS 8t HelE 2 XIGHH A 229 M1
=59 M2 =W 2t J{2IE AFE6I, &) &
S0 M1 5% Y A &59 H2 =H 2t Helt o
& El(Predetermined) 4&t==(constant)E O|Z0dl0 &) &5
o @ =2 S % (Radial Artery) H</(displacement)E At=6}

= ZE MO 62 Z&6t=s 22 E32= §Hh

= SHMUMN F2 Q25 HIIR AFo| S2|X ol Batof
2O{ol R el ) SX Ol HalY (12 IS
QDB = B M2 AX A5 SF BI= ABK &
S SPZSEH 9B SUIE SHE 4 UCL &) MY A4S
ST PSS AN T 2R S S0 &S 015 %A
Mool 2% THOZ REE 4C AUD, BN g6 oY 8
20z THE 45 UCL = BHMUAS ST AL 4T
I A& SE FI0NEN FEHO S EEOE FSL = B
SE 0E SO MY

OIBIUIAE HRE SHS BESIN = 2EO AU E AA|
5l MBI

12 = 2o AMA0 [E 4K A5 =X ZIS B
2 PHZS SAIB SE0ICH

&= YO UMANN MHE MAl AE =F Xz EXN S
(membrane)(110), D& XIXICH(120), 0I= X XICH(130),
HE MO =EH140), 44 =E(151), ¥ 4N 25 =EH(15
2)E g5t A4 =IO

mber worn at the wrist of the user the supporter: brac
elet member which is installed at the first side of the br
acelet member and supports the first side of the wrist

and it moves the supporter and it senses the movable

support adhering closely to the second side of the wris
t and the distance in which the movable support moves
and it produces the distance between the second side

of the first side of the wrist and the wrist and of produ
cing the radial artery (Radial Artery) displacement of th
e wrist using the constant chosen with the distance be
tween the second side of the first side of the above-m
entioned wrist produced and the wrist (Predetermined).

In this specification, the mainly mentioned pulse wave
means the waveform according to the change of the pr
essure of the vascular system and board pulse and vol
ume based on the physical change of the heart. The m
easuring biological signal apparatus according to the pr
esent invention can measure the radial artery wave fro
m the wrist part of the user. The measuring biological s
ignal apparatus can be implemented as the some config
uration of the wrist watch or the accessory can put in
the wrist including the bracelet etc. and it can be imple
mented as the single item of the bracelet form. It is ex
plained using in that case, for convenience measuring b
iological signal apparatus of the description is implemen
ted as the single item of the bracelet form in this speci
fication as an example.

Hereinafter, the attached embodiment of the invention
is particularly illustrated.

Figure 1 is a drawing showing the shape of the
measuring biological signal apparatus according to a pr
eferred embodiment of the present invention and config
uration.

The measuring biological signal apparatus according to
a preferred embodiment of the present invention compri
ses the bracelet member (membrane) (110), supporter
(120), movable support (130), information control mean
s (140), sensor means (151) and sensor driving means
(152).
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4> IJJFQHJE
o ™

X XXT(120)= SR £T(110)2 M1
2(161)2 M1 =0(163)S XX &t}
dxH(110)§ 22(161)0 2B5IHS ?5%
0)= ==(161)2 M1 ’;‘Dd(163)0ﬂ HEE L YR &
S(161)2 XX 4+ AUCH 02 AT AFZ R 2 W &
TH(110)E 2= =<0 mEslws %i 2, DX XXt= A

QT =0 AE =00 BEEIL YRS & UCK

|_—\

é HOHl & XIS
AFEXEIE E
& XIXIH(12

=04
=

0lS XIXICH(130)= W ‘=‘IH(110)°\ M2 =00 &% €D
DE XX0H(120) LEOZ 0lS =(161)2 H2 =0
(164)01 LREICH =, AFR XD »*m STH(110)2 £ =(16
L0l HEsi5E 22, DE XX H(120)= £=(161)2 X1
SE(163)0 ESSIL} A0l 22(161)2 NN, 0
S NXOS € 10] TAE B2 20| £=(161)21 H2 Sei(1
64)T AX JH2/0h2 0|ZE 0 AXGIEE PEHE 4+ ULk

0

Ol I, 0ls XIXITH(130)= LEAOZ 0lS

o S =

D XIXICH(120)

ot & (161)0\ M2 =FH(164)0 L £25(161)2 X
K& 4 ACH =, OIS K XITH(130)7t M2 =H(164) 2&2
Z 0l S35to Iﬂ2 x04(164)0ﬂ UXAEZFO=M, IF XIXIH(12

) % 0lS XIXITH(130)7t &=
4= AL

S(161)01 22t LN XX &

0l XIXICH(130)2 OIS YHOZ= AL XITI OIS XIXIC
(130)8 TS5H01 AT O|SAL 45 UL, YBHEQ B =
B BN L NIt e (161)01\ 2 £IH(110)2 &8
XIEoz 08 S(161)2 HI2 S (164)0

Fﬂ

M, A0l §HY 2SS 0180l 82, \

A2 S22 AXKO| EIA AKX
P 0ls XXITH(130)= &a0| &4
S(160)2 M2 =H(164)0 L=
QIDP Ol XAITH(130)0 == 3\ EW a
o £
P

2==S 3}6
el == 250 Thet OIS XIXITH(130
222 5 AL

-|>J

&2, 0l XXH=(130)=

It can be implemented as the structure of the general
bracelet form which the bracelet member (110) can we
ar in the wrist (161) of the user. It can be implemented
as the size of the extent that the size of the bracelet
member (110) can wear in the wrist of the regular adul
t.

The supporter (120) is installed at the first side of the
bracelet member (110) and the first side (163) of the
wrist (161) is supported. That is, when the user put on
the bracelet member (110) in the wrist (161) the suppo
rter (120) is contacted with the first side (163) of the
wrist (161) or it adheres closely and the wrist (161) ca
n be supported. For example, when the user put on the
bracelet member (110) in the left arm wrist the support
er is contacted with the left side of the left arm wrist o
r it can adhere closely.

The movable support (130) is installed at the second
side of the bracelet member (110) and it moves the su
pporter (120) and it adheres closely to the second side
(164) of the wrist (161). That is, when the user put on
the bracelet member (110) in the wrist (161) the suppo
rter (120) is contacted with the first side (163) of the
wrist (161) or it adheres closely and the wrist (161) is
supported and it can be implemented so that the mova
ble support as shown in FIG. 1 locates separately as th
e second side (164) and prescribed distance of the wri
st (161).

Then, the movable support (130) moves the supporter
(120) and it adheres closely to the second side (164) o
f the wrist (161) and the wrist (161) can be supported.
That is, the movable support (130) moves the second
side (164) and it adheres closely to the second side (1
64). In that way the supporter (120) and movable supp
ort (130) adhere closely to the wrist (161) and it can s
upport.

The user operates the movable support (130) to the

transfer method of the movable support (130) and it ca
n let move directly and it can be implemented so that a
t the moment when the user puts on the bracelet mem
ber (110) like the general blood pressure measuring equ
ipment in the wrist (161) the user moves and it adhere
s closely to the second side (164) of the wrist (161).

The method for using the rotary motion including the
method or the voltage shift etc. uses the elasticity mo
vement including the spring etc. as the transfer principl
e of the movable support (130) can be applied.

First, the case of using the elasticity movement, and
the predetermined resilient element including the mova
ble support (130) is the spring etc can be comprised. A
ccording to the movable support (130) is the elasticity
movement of the resilient element, it can adhere closel
y to the second side (164) of the wrist (160). For exa
mple, at the moment that the user adds the pressure t
o the movable support (130) the movable support (13
0) can adhere closely to the second side (164) accordi
ng to the contraction motion of the resilient element.

Second, the case of using the rotary motion, and the
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AHO EE
0= &l s 250 et £5(161)2 M2 =
2 (164)0 Z=E OIE S0, &2 AIEXIL &0 =
E =2 3THAID = | SIXE0ll Thet
0lS XIXITH(130)= 0&F XIXITH(120) &2 0|S3HH &
= A0
s .

A RE
E

N

A Ol 2EH140)2 O/ X XITH(130)7} 0|53 HelE 2
T5H0H £=(161)2 M1 =0i(163) L K2 =0(163) 22

HRIE MEEHL =, BE MO £CH140)2 0/ XIXITH(13
0)Jl OI=8H H2I2 LNEOZ M, 22(161)2 = 20| 4

& = 3UCk

=
==

HEZ M s=EH(140)2 0l= X XIU(130)7t OlsakI| &, 1

& XX (120) & 0l= XIXICH(130) 2+l HElol Al OIS X

XICH(130)7t Ol =8t HElE XZEH2EM, £=(161)2 &)
-

\
= Z0IE &= = UCL

0l= XIKITH(130)7t &t AKE E86HH A8 E = 3%, &
2 MO =E(140)2 015 XX U(130)7F &==(161)2 M2
Z0H(164)0 YAED| /AGHH &0] B8 AKX 2EQ
(displacement)E Ol E35tX 0l XIXICH(130)It Ol =8 Hel

g MEE = ALK

8, 01S XIXIOH(130)7) 2EE AKIE T&6I0f PET s &

2, H2 WO £5H(140)2 0/ X XICH(130)7+ £=(161)2)
M2 20 (164)0 LAE|I| 91510 A ZE 4CH0| 3| F B 3
F4Z 085104 OIS XIXIH(130)7t OIS 8 HelE MEE

T =

UL

i
1

o

Ab=5t Btet 2101, OIS XIXITH(130)7t Ol =S8 HelE & RIst
0 &2=(161)2 M1 =52 (163) ¥ M2 =SH(163) 2+2 Hel,
=, &5(161)9 = 20t &Y, B3E MY ==H(140)2
A AtEE &==(161)8 = 20| & & &l (Predetermined)
&t==(constant)E 0| E5t0 &0 252 =2 =M (Radial Ar
tery) Bi¢l(displacement)S AHESHC

A AP 0.1719 T 0.14929 AUS 2E= AFE &
Ch = 2Eol YAAIU TE0, B RO +5H(140)2 A
J| AR AHD| AEEH K1 S0H(163) L H2 S8 (163) 2
o JHelol 22(161)2 E 20IE HE 2010 AD| QF S
of BIPIS MEE 4 UCH & QB SHO| B 22(16
1)2 M1 S (163) 22 2L J2lZ AFE & YT

&7 Sage A% MBS SH HFE & UCH OlHHIAS
T2 UK S4B RIS AD| AEN OE A Aol &

movable support (130) is the predetermined bolt device
can be comprised. According to the movable support (1
30) is the rotary motion of the bolt device, it can adhe
re closely to the second side (164) of the wrist (161).

For example, as the case where the user rotates the v
oltage shift, and the voltage shift rotate the movable s
upport (130) moves the supporter (120) and it can adh
ere closely to the second side (164) of the wrist (161).

The information control means (140) senses the
distance in which the movable support (130) moves an
d the distance between the first side (163) of the wrist
(161) and the second side (163) is produced. That is, t
he information control means (140) senses the distanc
e in which the movable support (130) moves. In that w
ay the width length of the wrist (161) can be produce
d.

Before the information control means (140) the
movable support (130) moves. The distance in which t
he movable support (130) moves is struck a balance in
the distance between the movable support (130) and t
he supporter (120). In that way the width length of th
e wrist (161) can be produced.

So that the movable support (130) adhere closely to
the second side (164) of the wrist (161) the case , an
d the information control means (140) of the movable s
upport (130) including the resilient element and being i
mplemented can produce the distance in which the mo
vable support (130) moves using the displacement in w
hich the resilient element moves.

Moreover, so that the movable support (130) adhere
closely to the second side (164) of the wrist (161) the
case , and the information control means (140) of the
movable support (130) including the bolt device and bei
ng implemented can produce the distance in which the
movable support (130) moves using the number of rota
tions in which the voltage shift rotates.

As described above, if the distance in which the
movable support (130) moves is sensed and the distan
ce between the first side (163) of the wrist (161) and
the second side (163), in other words, the width length
of the wrist (161) are calculated , the radial artery (Ra
dial Artery) displacement of the wrist is produced using
the constant in which the information control means (1
40) is chosen with the width length of the above-menti
oned wrist (161) produced (Predetermined).

The constant can be set up in order to have the value
of 0.1719 or 0.1492. According to a preferred embodim
ent of the present invention, the width length of the w
rist (161) in which the information control means (140)
is the distance between the constant value and the ab
ove-mentioned first side (163) produced and the secon
d side (163) is multiplied by and the displacement of th
e radial artery can be produced. The displacement of t
he radial artery can be set up as the distance from the
first side (163) of the wrist (161).

The constant value can be chosen through the
predetermined experiment. Hereinafter, it illustrates for
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the computation principles of the constant value accor
ding to the experiment with reference to the figures 2 t
hrough 4.

Figure 2 is a drawing showing the experimental result
measuring the intensity of the pulse wave measured for
the constant value computation performed according t
o a preferred embodiment of the present invention in th
e position separated around the radial artery of the wri
st as the various distance through the sensor.

In order to compare the intensity difference of the
pulse signal according to the measurement position of t
he radial artery positioned in the wrist, the result illustr
ated in the position which the respectively is separated
from from side to side around the radial artery as 2mm
gap in the case of measuring the pulse wave, and (b) o
f fig. 2 like graph can be obtained as shown in (a) of fi
g. 2.

According to the experimental result, it can know at
the position (Center) of the radial artery that the pulse
wave measured from the radial artery at the side going
up in 2mm spot (R2) has the amplitude of the maximu
m. Moreover, in the radial artery, while seeing the tend
ency that the signal of the pulse wave becomes smalle
r as it is the spot which the far is separated the measu
rement result is not comprised the symmetry around th
e radial artery. Therefore, it can know that the more ¢
orrect pulse signal can be measured with the experimen
tal result centering around the radial artery at the left
side if the sensor is positioned to 2mm right side within
emm.

Figure 3 is a drawing showing the return value of the
ratio of the width length large radial artery displacemen
t of the wrist according to the reference Protocol of th
e experiment for the position location of the radial arter
y performed according to one room time of the inventio
n and experiment.

The experiment which measured the position of the
artery in more than 87 people examinee in order to loca
te of the radial artery was more quantitatively perform
ed for the computation of the constant value. In the K
orean is the female of the male of 19 people and 15 pe
ople, Japanese and, Chinese conducted the measureme
nt in the male of 38 people and female of 6 people in th
e male of 5 people and female of 4 people.

Top was most set up as shown in (a) of fig. 3 of the
crossing wrinkle of the wrist inner side as the position 1
and each position was set up as 2.5cm and the wrist in
ner side located as 5cm from the position 1 as the posi
tion 2 and position 3. Moreover, the C1 means the wris
t measurement in the position 1 and the C2 means the
wrist measurement in the position 2 and the C3 means
the wrist measurement in the position 3.

Moreover, in the Il is the position 1, the distance to

the radial artery from the left side of the wrist is meant
and the I2 means the distance to the radial artery from
the left side of the wrist in the position 2 and the I3 m
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TREUM 222 Z(L1, L2, L3) &= 2= =0 A = €ans the distance to the radial artery from the left side

= = e

SR e MHel(IL, 12, 13)2 HI(I11/L1, 12/L2, 13/L3)= 4+ Of the wrist in the position 3. In each position, the exp
Bl= AlsS A8EI5C0). eriment turning out the ratio (I1/L1, 12/L2, 13/L3) of th
e distance (I1, 12, I3) to the radial artery was performe

d in the width (L1, L2, L3) and wrist left side of the wri

=0l 2 +¥3

st.

ek, A ZXHAUA &5 Z0 &5 2% SHUA Q= Moreover, in the position, the width and wrist left side
SWLXIC A2l HI(11/L1, 12/L2, 13/L3)2 &= =&(C1, of the wrist produced the correlation of the ratio (I1/L
C2, C3)9) A THEZE ASESH 27}, A3 H 2D} -0.3592 & 1, 12/L2, 13/L3) of the distance to the radial artery and

D0 MR IS Y ARy
M, &= £¥ 2olgt &=
2 2RG0D EFE & UC

JH o

== = o

> /=

= 2t= 210| 2 =590} [j2t wrist measurement (C1, C2, C3). Then the correlation
MM Q= soo| 9x|= A Were proved to the coefficient of correlation be calcula
ted to -0.359 and very have the low correlation. There

fore, in the perimeter of the wrist and the width of the
wrist, it can set up that the position of the radial arter
y has no concern.

A bzozy am pm
BIIL/LL, 12/12, 13/L3)E

ZE L2 & AUCH

o my QU om A
J& HO 10 %FQE

, A8, LHOl, XMZ S0l 22 CE =482 UIAEXIEZ Moreover, the ratio (I1/L1, 12/L2, 13/L3) of the

HUA 22 S®IX2 1 distance to the radial artery was produced in the width
FEst 20, & 22 (b))  and wrist left side of the wrist than through the test s
=, 880 O 52 21} ubjects of the several tens people in which sex, the ag
=20 2% =S M Q2 SHINXIS Hel2l Hi(I1/L1) e, the physique etc. were different. Then the return va

= T-test2 /L& 2, DA A2 0.17#177#0.040| lue like (b) of fig. 2 could be gained. That is, in the left
D040 BES 0.15#177#0.0422 AHE5|0 p-valued} Sside of the width of the wrist according to sex and left

= UL —

0.053902 S0 M2 FolJrgss o & 90, wrist, the ratio (I1/L1) of the distance to the radial art
ery is compared to the T-test. Then the average of ma
le is 0.17+£0.04 and the average of the female is calcul
ated to 0.15+0.04 and the difference according to sex
of the p-value can know the none as 0.053.

=]

M2t, 229 S 2 S0 S5 =
9} 2% &S0 2% SHOIM 2B SUNK 2|2 HIE O
250t 22 SU AXE S 2010 IS 22 WES
Sol @IS H Lo

g gl 2= &52 Z 20| Therefore, in the width length of the wrist which it

| does not receive the influence in the circumference an
d sex of the wrist and left side of the left wrist, the err
or was calculated through the process as follows in ord

er to analogize the radial artery position using the ratio
of the distance to the radial artery.

= 872 2% ==2] 8% 1) The calculation in measured data of 87 people in the
LB SHUDNXIL Hel2 BI(I1/L1)2 ER =2 AHlat left side of the width of the wrist and left wrist the ave

rage of the ratio (I1/L1) of the distance to the radial ar

1) 5% [ QIOIEHUIN &=2 =0t &
=M
tery.
2) Ol B2 a0l 2ol &5 =29 20|(L1)E 2ot &5
=09 b

\ 2) The length (L1) of the wrist width of each individual
OIM 2= SYHINXL Hel(I1_1)e] =FX| Alst is multiplied this average value by and it calculates the

estimate of the distance (I1 1) to the radial artery in t
he wrist side.

3) &01 2)2] MU A 08 FEI

P&l &= &% =M 3) The difference of distance to the radial artery is
3

o
A 2= SHIKIS Helel XH0IE F& actually saved in the wrist left side with the estimate o
btained in the process of 2).

4) &J] X012 HE=E A& 4) The average of the difference is measured.

=2
C 4 A8 AE BEFQ ZUE TAIE SHOICH

Figure 4 is a drawing showing the result of the test

process of describing in detail.

Asst A8 X 2T DN #177#2.24mmel 23
NBES 4 3

ol SAE AE =

ol 2 222 0IXX 2=Ch =

So 2% 500 A

I AFS XIS &2 = 200 Y 4

220 2IE SRN 2B SH) s =x%

IOF  According to the result of the test process of
Ch. J2{Lt &D] #177#2mm2 @X}= & 2 describing in detail, it can know that the error of the +
Z0A & 2= UAS0l B Azl =& 21 2.24mm is calculated. But it does not affect as seen in
x| X Metd &=229 Z 20(2 &Z & the error of the £2mm is the experimental result illustra
QE SHMIIKI S HelQl Hi(I1/L1)e = ted in Figure 2 it is large in the measurement result of t
210/0F 2 4 QICIH, AD| AI2XIC 2= he pulse signal. Therefore, in the width length of the w

IXlQ 9x2 =xs 4 ¢}, rist and left side of the left wrist, if the wrist width len

gth of the average of the ratio (I1/L1) of the distance
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to the radial artery and user can know , the position to
the radial artery can be estimated at the left side of th
e left wrist of the user.

I

=]
=

Ol M, =2 Z oIt &E &
XISl Helel gi(I1/LL)el B2
Z NI ZUE A-HE MS
ol H0l2t EFIH AL EXS 4
0l 2= SU }XE 20 Z s

10
i

[0 > Jji
0w 2

HU gp £

Then, in the width length of the wrist and left side of
the left wrist, the return value which the average of th
e ratio (I1/L1) of the distance to the radial artery so fa
2tgr rillustrates and which is experimentally obtained can b
e used like the constant. Therefore the radial artery po
sition can be more accurately estimated regardless of s
ex or the age of the user, and figure if it measures the
length of the individual wrist width.
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CHAl £ 101l A, 82 M 2=CH140)2 X2 & 2 LHX] & Again, in fig. 1, the width length of the wrist (161)

42 EXoI0 A%E AE Z00 el S&58= &0 a3t which is the distance between the constant value dra
A MESHHIL SHH(163) L M2 =T (163) 242 2/el wn according to the experimental result that the inform
£2(161)9 = 20|12 HE T8I0 AJ| @2 ool wig/=  ation control means (140) so far illustrates with referen

= o
APEEF A QI AM)| 9B SWHO| HI9|= A3 HIQL 2t0] & Ce to the figures 2 through 4 and the above-mentioned
2(163)2 2= =00l M1 9Ix(163)e22H o= suy first side (163) produced and the second side (163) is
o Holz &FE A [} multiplied by and the displacement of the radial artery

can be produced. As described above, the displacemen
t of the radial artery can be set up as the distance to
the radial artery from the first location (163) which is t
he left side of the wrist (163).

MM 2=CH151)2 2R £ (110)0 AXE 1D, L2 =% The sensor means (151) is installed at the bracelet
(162)S 2 FH A AFS X2 MX| MSE =& EHC. member (110) and the bio-signal of the user is measure
d from the radial artery (162).

C

A

>

fon

b HA RS =CH152)2 A4 =SH(152)10 HZ & 4 Moreover, the sensor driving means (152) is connected
F(151)E OIS AIZICH MIA £=EH151)2] OIS AI217] £ to the sensor means (152) and the sensor means (151)
IM S £EH(152)2 2E(motor) £ SS E&t6t( is moved. The sensor driving means (152) can be imple
IC}, 8, MM RS $EH152)2 MM 2=EH(151) mented including the motor absence etc. in order to m

Of B SO LTS AXO ¥ (rail) £cto| ove of the sensor means (151). Moreover, the predeter
mined rail means may be installed in the inner surface o
f the bracelet member for the sensor means (151) mov

ement of the sensor driving means (152).

I,I‘\
i

>~|'(‘]

4

& 4

:

;O
020

on
o o

WO 4o
il

m oo
T RS

ﬂ

3

HE WO =CH(140)2 &) &ES @3 S HL/E 0|23t The information control means (140) drives the sensor

O MA RE $=CH152)2 RSAIH MM =2H(151)2 2  driving means (152) using the above-mentioned radial a

SH(162)2] RIXIZ OIS AIZICL 0|5, M A £=cH151)2 S rtery displacement produced and the sensor means (15

5l AFAl AFE X1 AT AlBE =XE & /(). 1) is moved to the position of the radial artery (162). T
hen, the bio-signal of the on-going basis user can be m
easured through the sensor means (151).

= 22 ZLEo0 8 E + ULE.  Sensor means include at least one sensor unit and it
58 & X350 aFMI3| &% Bt can be implemented. This particularly illustrates with re
ference to fig. 5.

e = 2o dAANH T2 4 =22 2EZZE T A8 Figure 5 is a drawing showing the structure of the
H0OIC}. sensor means according to a preferred embodiment of t
he present invention.

S 50 SAIE B2t Z0[, = 2Eo JAANN OE d A = As shown in FIG. 5, the sensor means (501) according

=S(501)2 42 M2, =, M1 MAE(510), M2 dAsE  to a preferred embodiment of the present invention can

(520), M3 A A=(530), ¥ M4 dAMS(540)2 E&5td 7 comprise the sensor unit of 4, in other words, the first

SE 2 QUCH L8, 229 dA RS 5ILIS ZMIA (513 LK sensor part (510), second sensor part (520), and the t

543), 5tLo| rat MIA(512 WX 542), & < Jjel 2tz 4 hird sensor unit (530) and fourth sensor unit (540). Mor

TH(511 X 541)E Z&5100 AE 2 9UCH eover, each sensor unit can comprise one optical senso
r (513 to 543), and one pressure sensor (512 to 542) a
nd two light emitting devices (511 to 541).

ZH A (513 WX 543)= AJ| Q= SBEOZFH AD| AIEXF The optical sensor (513 to 543) can measure the pulse
O HUIE =FE 4 UCH 23 dlA (512 X 542)= 47|  wave of the user from the radial artery. The pressure s
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20mmz A& D, NE Hel
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ensor (512 to 542) measures the pressure of the radial
artery and the blood pressure of the user can be meas
ured. As to two light emitting devices (511 to 541), oxi
dation and reduced hemoglobin can measure the oxyge
n saturation according to the absorbance difference usi
ng the wavelength of the infrared ray band and red ligh
t.

The sensor means (501) according to a preferred
embodiment of the present invention can be designed a
s shown in 5 to the cross direction to 30mm and length
wise in order to have the length of 15mm. Moreover, th
e width distance between the fourth sensor unit (540)
and the first sensor part (510) are designed to 20mm a
nd the longitudinal distance can be designed to 10mm.
In this way, at least one sensor unit is set up in the se
nsor means (501) and the measurable area of the radial
artery is broadened. In that way the effect minimizing t
he error according to the location change of the radial
artery which the user especially is able to make an app
earance can be expected.

Moreover, as described above, not only the optical
sensor for the measurement of the pulse wave but also
the pressure sensor or the light emitting device etc. ar
e together set up in one sensor unit. In that way the e
ffect that simultaneously can measure the various bio-
signal of the user including the blood pressure measure
ment of the user by not only the pulse wave measurem
ent of the user but also the radial artery pressure meas
urement or the oxygen saturation etc. can be expecte
d.

So far, it illustrated for the detailed embodiment
according to the present invention. But it is of course t
hat many transformation is possible in figure one. It do
es not deviate from from the scope of the present inve
ntion.

Therefore, it is limited to the embodiment in which the
scope of the present invention is explained and it shoul
d not be determined and it determines with not only th
e scope of claims which will be described later but also
this scope of claims and the equal things.

Brief explanation of the drawing

JefE=, 2 8ge Eele 8% AW 2850 JaHH
Me o5, E&6te Sol3 72 gl ofLieh ol Sold?
o B ZS & AE0 2o HaiKOoF 8L

COoQ Ojst 2t &9

T 12 =2 gyo AN OE MM ds =8 X2 4
L ASE STAEHEHE,

T2 = 2O AN Mot =3E= Aagt MEE 9

Ol0 232 QE SHE FSHOZ CIagh HelHZ 01HE ¢
XM HHE Soll STSI= BUIC AIIE S&6 A8 21
E TAEEH

T 32 2 LYo dAAW Tel 3 R SHo 2K =
N2 st AEQ JE ZE2E2(protocol) L AD| AE LF
E &S0 E U0 U = SY B 4o ZIUE TAIE

cH

T 4= = LYo AN T2 AE WF Ze §HE
ST A &H.

Figure 1 is a drawing showing the shape of the
measuring biological signal apparatus according to a pr
eferred embodiment of the present invention and config
uration.

Figure 2 is a drawing showing the experimental result
measuring the intensity of the pulse wave measured for
the constant value computation performed according t
o a preferred embodiment of the present invention in th
e position separated around the radial artery of the wri
st as the various distance through the sensor.

Figure 3 is a drawing showing the return value of the
ratio of the width length large radial artery displacemen
t of the wrist according to the reference Protocol of th
e experiment for the position location of the radial arter
y performed according to a preferred embodiment of th
e present invention and experiment.

Figure 4 is a drawing showing the return value screen
of the test process according to a preferred embodime
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nt of the present invention.

C 5= 2 Lo UAAWO IHE MM =] X E SAIEF Figure 5 is a drawing showing the structure of the

S H. sensor means according to a preferred embodiment of t
he present invention.

#60#LHO = 220 Uis 252 4%> The description > of the denotation about the main
part of the < drawing.

110 : W 21 120 : D& XX 110: the bracelet member 120: supporter.

130 : 0/= XIXICH 140 : 82 MK = 130: movable support 140: information control means.

151 : dlA =& 152 : 4N S #EF 151: sensor means 152: sensor driving means.

161 : AFEX &= 162 : Rﬁ S 161: user wrist 162: radial artery.

163 : =252 M1 =™ 164 : =252 M2 59 163: the first side of the wrist 164: the second side of
the wrist.

Disclaimer
A= 56 & IS =28 IS0 A AsHA A|AEZ 0|0l 2 QEI‘RI*LID (et E=&
OE QAL NsHO| UCH, 2 EAE AH=S ZE M= BHAJN Qs BA=2 UaloteE A2 =2 0
2 HAE o ELICH AIAE L HERAIDS EHIIE0 2Met AN B2 %%‘, GO0l 2 %%il%
tH

} = .
Ol CHotOd 2R gAHol MUZS XX LSLC 2 2= GAS AFE =9 810] #EH0] Sle &bt
== Floll DB & AAENH HEZO M, =SAH HHEZE £ 8l 2HAEELIL

(The document produced by using the hlgh -tech machine translation system for the pate
nt and science & technology literature. Therefore, the document can include the mistrans
lation, and it should not be used as a translation by a professional translator. We hold n
o legal liability for inconsistency of mistranslation, partial omission, and data generated
by feature of system and network. We would like to inform you that the document canno
t be regenerated, copied, and distributed by being stored in DB and system for unauthori
zed general public without our consent.)
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25= 35 A (membrane);

A71 A FAL A1 FEel A Ho] A7 &5 Al FHEE A ske g A A d;
&7 2R FAe] A2 FHel Ao, A7) A AXd BFer o)Fslo] A7) &5 A2 S 2HE=
°lE XVM%; L

A71 olE XA} ol BT AvlE Aot Fr] E£50 Al S A Y] &5 A2 59 ko] A»E A=
star, A7) AEd 59 Al FU 2 AV &5 A2 59 ko] Aelek AR (Predetermined) 4

onstant )& o] 835t A7) £2e] @ Tl (Radial Artery) Wl (displacement )& At&Est= AR Aol 4t

—~
(e}

& w3t A SHow st A Am 54 g

7] ARE A 0.1 WA 0.2 99 ] gow AL AL SHOR st AN VB 4 P,

o) we} 7] &8 A2 Swo)

Ho

A7) ol E AR U E 2] A axE Tsta, 4] B axte] w©A
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47 WA kA 37) @ Eel U/ Aol 4y 3 A L 7] olF AA
@4 2E0) mE /] By Ao WAE olgsel ] £ AL SA L Y
& WEE A SO = A B Y P,

2 AEEE AE 54w s AA AE 5AH A=A,

B7) 23 B AL A7) £ Al SHomvE YY) 23 Buol 4449 A AL SHoE
AA N HA A,

37% 6

Arakel glelA,

Mo gy 47 A8Ae] A ABE SAE A 5 2%

271 7R FAd AAHxn A7) e T
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47) 8o 23 U WAE olgatel A7) MM TE FHE FEobel
5 o= s AN A

54 2A.

1-0{1

e g Sgskel 3] A
4} &8 HeE 8 T (Radial Artery)®] FXE F453, 47) a7 FHoRRY Y] A4 4
A NEE FAFoRA, A AR, del, AF, £F e Aol 4 gl FPu urh Aelsy P
S AN NEE AT & AR S YA A5 3 FHe) B Aol

A2 A Aue] A FaANE olF B shel SUIAE S G- /Ee 3k ABe] BE o) Hed
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NE FAE ) Fuddel @IS Aasn 1o 4P 95U B AET 5 dv. wd
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9% Wk H4 Ak vk, 7] Fog st 59 gAE ORE 5 A B 20 Fuz pdsol
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T ®5 A e

weba, Fol sl%e] BEd, Asauig 2 9A7 AR OE 23 B xS setels] fsiA AHsA
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ol T Zlgel wE FAY A H wpah, AFgAbe] o], AW, =5 A7), AT Sl & oglel 7 A

_4_

994



LU

Q27>

SE5d 10-0755079
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1
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(57) Abstract:
a pulse oximeter sensor-head (8)

The invention is

7 which is composed of electrical

units and comprises at least two
light sources (1, 2) of different
wavelengths to emit light into
the part of the body (9) under
examination and a light detector (3)
to sense the light eigther transmitted
through or reflected from the part
of the body (9) under examination,
further comprises a control circuitry
(4) connected to each electrical unit
or at least to the light sources (1,
2) and the light detector (3), a data
collector
circuitry (5) connected to the output
of the light detector (3), a wireless
data communication circuitry (6)
conncected to the output of the data
collector and A/D dataconverter
circuitry (5), and a current source
(10) to ensure the power supply of

%

and A/D dataconverter

the pulse oximeter sensor-head (8). The invention is also a measuring system comprising said sensor-head (8) and a measuring
method with said sensor-head (8). The invention relates also to a method and a casing (11) for anchoring a sensor-head (8) where
the sensor- head (8) is fixed mechanically in a bell-jar-like casing (11) by means of structural element (11b) of said casing (11),
said casing (11), having an internal air space (12) and a flange (14), is placed together with the sensor- head onto the surface of the
body (9) so that the flange (14) together with the surface forms an airtight sealing, and a decrease of pressure is generated in said
air space (12) during the process of placing the sensor-head (8) onto the surface of the body (9).
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PULSE OXIMETER SENSOR-HEAD, MEASURING SYSTEM AND
MEASURING METHOD WITH SAID SENSOR-HEAD, METHOD AND
CASING FOR ANCHORING A SENSOR-HEAD

The invention relates to a pulse oximeter sensor-head which is composed of
electrical units, and comprises at least two light sources of different
wavelengths to emit light into the part of the body under examination and a
light detector to sense the light either transmitted through or reflected from the
part of the body under examination. In addition, the invention presented here is
a measuring system comprising said sensor-head and a measuring method
performed with said sensor-head. In addition, the invention relates to a method
and a casing for anchoring a sensor-head, particularly according to the
invention. The pulse oximeter sensor-head and measuring system according to
the invention is particularly appropriate to the continuous monitoring of arterial
oxygen levels of tissues by attaching it to the surface of the human body, or to
the surface of other living organisms, and is of particular use where currently
available pulse oximeter devices cannot be used. Applications include but are
not confined to, for example, the monitoring of tissue oxygenation of the
presenting part of the fetus through the dilated cervix during parturition and
delivery. It can also be used to monitor tissue oxygenation of premature
neonates that are very small in size. A further example is the monitoring of
tissue oxygenation of humans whilst undertaking sporting activities.

The metabolic state of every living substance is particularly characterized by
the extent to which it is supplied with oxygen. Since the researches in medical
spectroscopy of the 1940s, it is well known that the extent of oxygenation of
the blood content of living tissues that receive blood circulation can be
determined by photometric methods. This is cited in the work published hy
G.A. Millikan: "The oximeter, an instrument for measuring continuously the
oxygen saturation of arterial blood in man" (Rev of Scientific Instrurhent, Vol.
13, pp. 434-444, 1942), namely, blood freshly saturated with oxygen and
transported in the arteries has higher extinction coefficient values in the
infrared wavelength range, whereas blood indigent in oxygen and transported
in the veins has higher extinction coefficient values in the red wavelength

range. This phenomenon is caused by the significant difference between the
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red infra-red light absorption spectrum of oxyhemoglobin (henceforth HbO,)
which carries 4 oxygen molecules (henceforth O,) and deoxyhemoglobin
(henceforth Hb) which has already released the O, molecules.

A further development of oximetry was the pulse oximetry method which
additionally utilises the principle of pletismography during the oximetry
measurement. In this method the ratio of oxygenated and deoxygeﬁated blood
content of the arterial blood surplus pumped by each heartbeat into the portion
of tissue falling in the optical path can be calcuated without knowing the exact
optical path length by transmissive or reflective, in fact transflective,
spectrometric measurements performed in the aforementioned wavelength
ranges on living tissues that receive blood circulation, if the rhythmical changes
of the blood content of tissue caused by the pulsation of arteries are taken into
account. The physiological parameter to be detected by a pulse oximeter
device is called the oxygen saturation index (henceforth SpO,), because only
the ratio of oxygenated hemoglobin molecules (HbO,) compared to the total
hemoglobin content (Hb+HbO,) is needed by a physician, since in ordinary
situations hemoglobin can only occur in either the oxygenated or the
deoxygenated state. In accordance with the description given above the
mathematical definition of SpO, is: SpO, = HbO,/ (Hb + HbO,).

Numerous patents has been filed concerning the topic of pulse oximetry during
the recent decades, and several producers use the method of pulse oximetry
in their products. The most widespread use of pulse oximetry is the continuous
attachment of a finger clip type oximeter to a patient during surgical operation
or within intensive care departments in order to non-invasively monitor the
metabolic state of the patient.

Knowing the SpO, value of a patient is absolutely necessary for the physician
in certain decision situations. Since the SpO, value can be measured in a non-
invasive way, the application of pulse oximetry has no inherent risks.

The most typical class of pulse oximeter apparatuses has a central control and
data processor device connected through a multiple-core cable to a
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transmissive or reflective type measuring head, which has only passive role
during the measurement and is directly attached on the individual under
examination. The raw measurement data transmitted through the cables from
the measuring head are processed, evaluated and displayed by the central
device. An apparatus of this type is described in the patent specification US
5,687,719.

There are other known wireless pulse oximeter devices, which include the
measurement and the processing and evaluation of measured data plus the
displaying of results integrated in one body-attachable device. Such a solution
is detailed for instance in the patent specification W0O0022980 which describes
a relatively small size, finger clip type wireless pulse oximeter. Devices of this
type pose the problem that despite the reduced size they are still relatively
large, which makes their utilisation impossible in special applications, e.g.
monitoring of childbirth. Furthermore, there are other known pulse oximeter
systems similar to the aforementioned ones, where results (SpO, etc.)
acquired after processing the raw measurement data are transmitted through
wireless radiofrequency method also to a remote location for telemonitoring
purposes. Such a solution is described for instance in the patent specification
CA2504252.

The disadvantage of any known solution is that either they comprise cables or
their size is relatively Iargé, thus, their utilisation in special application areas is
uncomfortable or impossible. If such solutions are utilised the individual under
examination is restrained in his motion and his movements falsify the results of
the measurements quite often because a sufficiently stable and durable
contact between the pulse oximeter device and the living tissue under
examination can not be ensured.

The anchoring of the pulse oximeter sensor-head onto the surface of the
examined part of the body is a key issue for the feasibility and accuracy of a
pulse oximetry measurement. Generally, some kinds of clamping tools or

biocompatible adhesive is used in order to anchor the sensor-head. Such a
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device is described for instance in the patent specification EP0481612 but
other solutions are known as well when the pulse oximeter head is anchored

by a suture onto the part of the body under examination e.g. in the patent
specification US 5,727,547 or an external vacuum pump sucks out a part of

the air from the space between the measuring head of the pulse oximeter and
the part of the body to ensure an anchoring, e.g. in the patent specification US .
5,497,771. The disadvantage of the former solutions is the possible negative
side effects of the invasive anchoring, the disadvantage of the latter solutions
using an external vacuum pump is the inherent need for a pipeline which has
the same disadvantage as an electrical cable.

The object of the invention is to ensure a wireless pulse oximeter sensor-head,
a pulse oximeter measuring system and a measuring method which overcome
the aforementioned disadvantages. Futhermore, the object of the invention is
to ensure a method and casing for anchoring the sensor-head which overcome
the aforementioned disadvantages.

The object is achieved according to our recognition by means of the physical
separation of the parts which perform the photometric measurement processes
and the digital conversion, that is A/D data conversion of measured data, from
the parts which perform processing, analysis and evaluation of measured data
as well as the displaying of results; and by means of the fact that we provide a
wireless communication between the physically separated devices, that means
either radiofrequency or optical datacommunicaﬁon.

In accordance with the above the invention is a pulse oximeter sensor-head
which is composed of electrical units, and said sensor-head comprises at least
two light sources of different wavelengths to emit light into part of the body
under examination and a light detector to sense (detect) light either transmitted
through or reflected from said part of the body, additionally comprises a control
circuitry connected to each electrical unit or at least to the light sources and
the light detector, further comprises a data collector and A/D dataconverter
circuitry connected to the output of the light detector, a wireless data
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communication circuitry connected to the output of the data collector and A/D
dataconverter circuitry, and a current source to ensure the power supply of the

pulse oximeter sensor-head.

The current source serving for the power supply of the circuitries of the pulse
oximeter sensor-head may be a battery or an accumuilator, or preferably a
rechargeable accumulator, but in certain cases it may be expedient to ensure
the electrical power for the operation by radiation of an external
electromagnetic field through inductive coupling into a coil located in the pulse
oximeter sensor-head, i.e. the current source is an inductively chargeable

power supply in such a case.

For a better exploitation of the possibility for miniaturisation arising from the
construction according to the invention all electrical units of the pulse oximeter
sensor-head or at least the control circuitry, the data collector and A/D
dataconverter circuitry and the wireless data communication circuitry is
realised in a single semiconductor chip by means of ASIC (Application Specific
Integrated Circuit) technology.

In addition, the invention is a measuring system comprising a pulse oximeter
sensor-head in which said pulse oximeter sensor-head comprises at least two
light sources of different wavelengths to emit light into the part of the body
under examination and a light detector to sense the light either transmitted
through or reflected from said part of the body and in addition said pulse
oximeter sensor-head comprises a control circuitry connected to each
electrical unit or at least to the light sources and the light detector, further
comprises a data collector and A/D dataconverter circuitry connected to the
output of the light detector, a wireless data communication circuitry connected
to the output of the data collector and A/D dataconverter circuitry, and a
current source to ensure the power supply of the pulse oximeter sensor-head,
and in addition the measuring system comprises a receiver device having
wireless datacommunication connection with the pulse oximeter sensor-head
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located remotely from it and said receiver device comprises dataprocessor and
evaluation circuitry plus, if necessary, a displaying circuitry.

In a preferred embodiment the connection between the datacommunication
circuitry and the receiver device is a wireless radiofrequency connection or a

wireless optical connection.

In a preferred embodiment the measuring system has additional pulse
oximeter sensor-heads, all of which are connected to the same receiver device

through wireless connections.

In another preferred embodiment a datastorage and/or measuring command
sender circuitry is connected to the dataprocessor and evaluation circuitry.

In addition the invention is a measuring method performed with a measuring
system comprising a pulse oximeter sensor-head in which said pulse oximeter
sensor-head is placed and anchored on the surface of the body, then light at
least at two different wavelengths is emitted from light sources into the living
tissue and the outcoming light intensities are measured by a light detector,
then the measured signals are collected and converted to a digital format by a
data collector and A/D dataconverter circuitry, then the signals are transmitted
from the pulse oximeter sensor-head by a wireless datacommunication
circuitry, and the transmitfed digital raw pulse oximetry data are received,
processed and evaluated by a receiver device located remotely and
maintaining a wireless communication with the pulse oximeter sensor-head,
and, if necessary, the results are displayed.

The pulse oximeter sensor-head has to be fixed to the surface of the body
during the measurement. In a preferred embodiment the contact surface of
said pulse oximeter sensor-head is anchored to the surface of the ﬁart of the
body under examination by a biocompatible adhesive layer.
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A further objective of the invention is achieved according to our recognition by
means of fixing the pulse oximeter sensor-head in an airtight, bell-jar-like
casing comprising an air space in which a decrease of pressure can be
realised without using any external means, and the anchoring is achieved by
the decrease of pressure in the space closed between the casing of the pulse

oximeter sensor-head and the surface, i. e. skin of the part of the body.

In accordance with the above, the invention is also a method for anchoring a
sensor-head, particularly but not exclusively, according to the invention so that
the sensor-head is fixed mechanically in a bell-jar-like casing by means of
structural element of said casing, said casing having an internal air space and
a flange, is placed together with the sensor-head onto the surface of the body
so that the flange together with said surface creates an airtight sealing and a
decrease of pressure is generated in said air space during the process of
placing the sensor-head onto the surface of the body.

In a preferred embodiment the wall of the casing is made at least bartially of a
resilient material, and pressing this resilient wall during the process of placing
the sensor-head onto the surface of the body a part of the air content of the air
space is pressed out and the flange is pressed against the surface of the body.

In another preferred embodiment the decrease of pressure is created by a
micro-vacuum pump fixed in the casing, after the flange is pressed against the
surface of the body. Expediently, the micro-vacuum pump is integrated with
the pulse oximeter sensor-head and is fabricated by MEMS (Micro Electro-
Mechanical System) technology, and in addition a channel and trench system
connected to the vacuum pump is realised in the casing which connects said
micro-vacuum pump with the contact surface of the sensor-head.

In addition, the invention is a casing for anchoring a sensor-head, particularly
but not exclusively, according to the invention, where said casing is bell-jar-
like, comprises an internal air space, a flange which can rest against the
surface of the body and creates an airtight sealing with it, and comprises a
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structural element for the mechanical holding of the sensor-head, and the wall

of the casing is at least partially made of a resilient material.

The pulse oximeter sensor-head of the measuring system according to the
invention can be miniaturised to a much higher extent, both in weight and
volume, compared to the size of the actually known wearable devices
comprising data processor and displaying systems, too, and in addition, no
cables restrain the usage of the sensor-head. This measuring system is
particutarly appropriate to the continuous monitoring of arterial oxygen levels of
tissues by attaching it to the surface of the human body, or to the surface of
other living organisms, and is of particular use where currently available pulse
oximeter devices and their anchoring methods cannot be used. The individual
under examination may freely move, since there are no external cables and
the size of the pulse oximeter sensor-head is small. By means of the reduced
size it becomes feasible to perform pulse oximetry examinations under special
circumstances, as well, for instance:

- monitoring of tissue oxygenation of the presenting part of the fetus through
the dilated cervix during parturition and delivery,

- monitoring of tissue oxygenation of premature neonates that are very small in
size,

- monitoring of tissue oxygenation of humans whilst undertaking sporting
activities,

- monitoring of tissue oxygenation of small-size animals during animal tests
which require unrestrained motion of the animals etc.

The invention will be described hereafter in details by means of preferred
embodiments with reference to drawings.

Figure 1: Schematic drawing of a preferred embodiment of the pulse oximeter
sensor-head and measuring system according to the invention
Figure 2: Cross-sectional drawing of a preferred embodiment of a casing

according to the invention for anchoring of the sensor-head
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In Figure 1 is shown a measuring system for reflective pulse oximetry
measurement, where both the light emitting surfaces 1a and 2a of the light
sources 1 and 2 and the light detecting surface 3a of the light detector 3 are on
the outer surface of the same side of the sensor-head 8, that is at the contact
surface 8a which faces towards the surface of the body 9 when the sensor-
head 8 is placed. However, the reflective pulse oximetry mesurement is in fact
a socalled transflectance pulse oximetry measurement, since the photons are
transmitted into different depths of the tissue before they are reflected or
absorbed by it. The light sources 1 and 2 having different wavelengths and the
light detector 3, as well, are driven by the control circuitry 4 of the sensor-head
8 attached to the surface of the body 9. The light sources 1, 2 are Light
Emitting Diodes (LED) which emit light at wavelengths of 660 nm and 940 nm,
respectively. The two LEDs are turned on alternately by the control circuitry 4
for intervals of 150-150 microseconds in such a way that between each interval
an intermission of 50 microseconds is made. The light detector 3 is a
photodiode having a current generated by the detected photons which current
is proportional to the actual light intensity arriving in the photodiode from one of
the LEDs after interacting with the tissue, whilst concurrently the other LED is
switched off. Through measuring this current the light absorption capability
(extinction coefficient) of the transilluminated living tissue at the specific
wavelength and during that specific interval can be calculated. The measured
values of the current of the photodiodes, as raw pulse oximetry data, are
forwarded to the data collector and A/D dataconverter circuitry 5. Numerous
known solutions for circuitries published in the scientific literature of electrical
engineering are suitable for the data collector and A/D dataconverter circuitry
5. In the preferred embodiment presented here it incorporates a preamplifier,
sample and hold circuitries, low and high pass filters, amplifier and a 16 bit A/D
converter. The digital raw puise oximetry data are forwarded from the data
collector and A/D dataconverter circuitry 5 to the wireless data communication
circuitry 6. By means of the wireless data communication circuitry 6 the digital
raw pulse oximetry data are transmitted at radiofrequency to the receiver
device 7 by using one of the Industrial - Scientific - Medical (ISM) frequency

bands. In this preferred embodiment the wireless data communication circuitry
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6 of the standard Blue Tooth Class l. is applied operating at 2,4 GHz of ISM
band having a transmission range of 10 m. By means of the data processor
and evaluation circuitry and display circuitry of the receiver device 7 the digital
raw pulse oximetry data are processed in such a manner that functions are
fitted to the measured values of the current of the photodiode and appropriate
mathematical operations are performed with these functions, then the actual
extinction coefficient corresponding to the wavelengths of 660 nm and 940 nm
is calculated, and then the actual SpO, value is calculated and displayed. The
arrows shown in the figure represent the flow of information in the form of
electrical signals. The current source 10 is connected with each unit in order to
ensure their power supply. In this embodiment the current source 10is a 3.3V
Lithium-ion accumulator and for the duration of the measurement the stabile
anchoring between the sensor-head 8 and the surface of the body 9 is ensured
by a biocompatible adhesive layer, not shown in the figure.

Figure 2 shows the pulse oximeter sensor-head 8, having two light sources 1,
2, a light detector 3 and further electrical units, is fixed in a casing 11. By
means of the casing 11 the sensor-head 8 with its contact surface 8a can be
anchored to the surface of the body 9 during the measurement. The casing 11
is bell-jar-like, having an internal air space 12, and comprises a flange 14
which rests against the surface of the body 9 and creates an airtight sealing
with it, further has a structural element 11b for the mechanical holding of the
sensor-head 8 and a resilient wall 11a which is made of silicone rubber. The
structural element 11b and thé resilient wall 11a of the casing 11 are fixed to
each other in an airtight manner by glue. The air space 12 communicates with
the surface of the body 9 through the opening 13.

In the structural element 11b the sensor-head 8 is embedded in a one step
process when said sensor-head 8 is embedded as a whole piece. There is also
a possibility to embed the units of the sensor-head 8 separately into the
structural element 11b.

During the process of placing the sensor-head 8 onto the surface of the body 9
the air content is partially expelled from the air space 12 by means of pressing
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the resilient wall 11a, then the 14 flange is pressed against the surface of the
body 9 and the resilient wall 11a is released and starts to spring back to its
original position, whereby a decrease of pressure is generated in the air space
12 which anchors the sensor-head 8 to the surface of the body 9 for the
duration of the measurement.

The invention presented here may be realised in many embodiments different
from those described in the examples above but still remaining within the
scope and spirit of the present invention, thus, our invention cannot be
considered to be restricted to the examples.
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CLAIMS:

1. Pulse oximeter sensor-head which is composed of electrical units and
comprises at least two light sources of different wavelengths to emit light into a
part of the body under examination and a light detector to sense the light either
transmitted through or reflected from said part of the body characteri-
sed in thatadditionally comprises a control circuitry (4) connected to each
electrical unit or at least to the light sources (1,2) and the light detector (3), a
data collector and A/D dataconverter circuitry (5) connected to the o4utput of
the light detector (3), a wireless data communication circuitry (6) connected to
the output of the data collector and A/D dataconverter circuitry (5), and a
current source (10) to ensure the power supply of the pulse oximeter sensor-
head (8).

2. Pulse oximeter sensor-head accordingtoclaim1 characterised

in that the current source (10) is a battery or an accumulator, more
expediently a rechargeable accumulator, or a power supply which is inductively
chargeable from outside.

3. Pulse oximeter sensor-head accordingtoclaim1or2 characte-
rised in thatall units of the sensor-head (8) or at least its control circuitry
(4), data collector and A/D dataconverter circuitry (5) and wireless data
communication circuitry (6) is realised in a single semiconductor chip by
means of ASIC technology.

4. Measuring system comprising a pulse oximeter sensor-head in which said
pulse oximeter sensor-head comprises at least two light sources of different
wavelengths to emit light into the part of the body under examination and a
light detector to sense the light either transmitted through or reflected from the
part of the body under examination characterised in that
additionally said pulse oximeter sensor-head (8) comprises a control circuitry
(4) connected to each electrical unit or at least to the light sources (1,2) and
the light detector (3), a data collector and A/D dataconverter circuitry (5)
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connected to the output of the light detector (3), a wireless data
communication circuitry (6) connected to the output of the data collector and
A/D dataconverter circuitry (5), and a current source (10) to ensure the power
supply of the pulse oximeter sensor-head (8) and, in addition the measuring
system comprises a receiver device (7) having wireless datacommunication
connection with the pulse oximeter sensor-head (8) located remotely from it
and said receiver device (7) comprises dataprocessor and evaluatiqn circuitry
plus, if necessary, a displaying circuitry.

5. Measuring system according toclaim4 characterised in thatthe
connection between the datacommunication circuitry (6) and the receiver
device (7) is a wireless radiofrequency connection or a wireless optical

connection.

6. Measuring system accordingtoclaim4 characterised in that
comprises more pulse oximeter sensor-heads (8), all of them are connected to
the same receiver device (7) through wireless connections.

7. Measuring system according toclaim4 characterised in thata
datastorage and/or measuring command sender circuitry is connected to the
dataprocessor and evaluation circuitry.

8. Measuring method performed with a measuring system comprising a pulse
oximeter sensor-head in which the pulse oximeter sensor-head is placed and
anchored on the surface of the body, then light at least at two different
wavelengths is emitted from light sources into the living tissue and the
outcoming light intensities are measured by a light detector characteri-
sed in thatthe measured signals are collected and converted in a digital
format by a data collector and A/D dataconverter circuitry (5), then the signals
are transmitted from the pulse oximeter sensor-head (8) by a wireless
datacommunication circuitry (6), and the transmitted digital raw pulse oximetry

data are received, processed and evaluated by a remotely located receiver

1033



10

15

20

25

30

WO 2006/079862 PCT/HU2006/000010

14

device (7) maintaining a wireless communication with the pulse oximeter

sensor-head (8), and, if necessary, the results are displayed.

9. Measuring method accordingtoclaim8 characterised in thatthe
contact surface (8a) of the sensor-head (8) is anchored to the surface of the

body (9) under examination by a biocompatible adhesive layer.

10. Method for anchoring a sensor-head particularly according to claim 1,
characterised in thatthe sensor-head (8) is fixed mechanically in a
bell-jar-like casing (11) by means of structural element (11b) of said casing
(11), said casing (11), having an internal air space (12) and a flange (14), is
placed together with the sensor-head onto the surface of the body (9) so that
the flange (14) together with said surface forms an airtight sealing, and a
decrease of pressure is generated in said air space (12) during the process of

placing the sensor-head (8) onto the surface of the body (9).

11. Method according toclaim10 characterised in thatthe wall of
the casing (11) is made at least partially of a resilient material, and pressing
this resilient wall (11a) during the process of placing the sensor-head (8) onto
the surface of the body (9) a part of the air content of the air space (12) is
pressed out, and the flange (14) is pressed against the surface of the body (9).

12. Method accordingtoclaim10 characterised in inthatthe
decrease of pressure is created by a micro-vacuum pump fixed in the casing
(11), after the flange (14) is pressed against the surface of the body (9).

13. Casing for anchoring a sensor-head, particularly according to claim 1,
characterised in thatsaid casing (11) is bell-jar-like, and cbmprises
an internal air space (12), a flange (14) which rests against the surface of the
body (9) and creates an airtight sealing with it, further comprises a structural
element (11b) for mechanical holding of the sensor-head (8), and the wall of
the casing (11) is at least partially made of a resilient material.
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METHODS AND SYSTEMS FOR PHYSIOLOGICAL AND PSYCHO-
PHYSIOLOGICAL MONITORING AND USES THEREOF

FIELD OF THE INVENTION

The present invention is related generally to the field of physiologically

monitoring and bio interactive applications.
BACKGROUND OF THE INVENTION

Biofeedback has been in use for many years to alleviate and change an
individual’s negative behavior patterns but existing systems have a number of
significant drawbacks: Most current systems are reliant on powerful computers First
of all, they require the user to be trained either by health professionals or complex on-
line programmers. Once the user has been trained, they must remember to implement
the internal physiological changes in their daily lives. The biofeedback sessions are
rarely undertaken on a daily basis and certainly not in real time. This requires the user
to remember specific events that occurred days before and recall his exact emotional
responses.

US patent 6,026,322; entitled "Biofeedback apparatus for use in therapy"; to
Korenman, et al. filed February 6, 1997; discloses an apparatus and a program
designed to train the user to control one or more aspects of his or her psycho-
physiological state by controlling signals representative of a psycho-physiological
parameter of the user, e'.-g. his galvanic skin resistance, which may be detected by a
sensor unit with two contacts on adjacent fingers of a user. The sensor unit can be
separate from a receiver unit which is connected to a computer running the program.
The disclosed apparatus is described for use in treating patients with a physiological
condition, for example, irritable bowel syndrome. In a treatment session, one or more

psycho-physiological parameters of the patient are sensed and the sensed parameter
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used to alter a display which the patient watches. The display includes a visual or
pictorial representation of the physiological condition being treated which changes in

appearance in a fashion corresponding to the physiological change desired in the

patient.

PCT application WO0047110; discloses a method for obtaining continuously
and non-invasively one or more parameters relating to the cardiovascular system of a
subject, for example: systolic blood pressure, diastolic blood pressure, young modulus
of an artery, cardiac output, relative changes in vascular resistance, and relative
changes in vascular compliance.

US patent 6,067,468; to Korenman, discloses a program, designed to train the
user to control one or more aspects of his or her psycho-physiological state. The
program is controlled by signals representative of a psycho-physiological parameter of
the user, e.g., his galvanic skin resistance which may be detected by a sensor unit with
two contacts on adjacent fingers of a user. The sensor unit is separate from a receiver

unit which is connected to a computer running the program.

SUMMARY OF THE INVENTION

In its first aspect, the present invention provides portable, cordless, and
wearable sensors, for monitoring queries emotional and physiological responses to
events as they occur. These results, gathered in real time, may be more effective and
relevant.to the user than those recreated days later after they occurred, under artificial
conditions. The new sensors may utilize mobile phones and other technology to
display the user’s physiology and emotional state, real-time coaching based on expert
knowledge, and to train the user to modify negative behavior patterns.

As used herein, tﬁé term "wearable device” refers to a device that the user can
carry with him, for example, under or above his clothing, in his pocket, attached to his
clothes, or in his hand.

In its second aspect, the invention provides a system for monitoring a user's

emotional and physiological responses to events as they occur.
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In another of its aspects, the invention provides methods to analyze the user’s
state of mind and physiology. In yet another of its aspects, the invention provides
applications of the methods and sensors of the invention.

The invention also provides new methods to assess subtle information from this
data — such as the user’s emotions; new methods of therapy; and new methods of
entertainment, based on the interactions with the user’s physiology and responses.

Thus, in one of its aspects, the invention provides a system for monitoring one

or more physiological parameters of a user comprising:

(a) “one or more wearable sensor modules sensing the one or more
physiological parameters; )

(b) one or more transmitters wirelessly transmitting first signals
indicative of values of the one or more physiological parameters to a
mobile monitor; and

(c)  the mobile monitor, wherein the mobile monitor comprises:

a first processor processing the first signals received from the
transmitter in real time using expert knowledge; and

a device providing one or more indications of results of the
processing.

The system of the invention may further comprise a remote server
capable of communication with said mobile monitor, the remote server
receiving second signals from the mobile monitor, the remote server associated
with a viewing station having a second processor, the remote server being
configured to perform at least one of the following:

(a)  transmitting the second signals to a viewing station for analysis, the
analysi; ;

(b)  accessing historical data relating to the subject;

(c) transmitting the historical data to the viewing station;

(d) receiving from the viewing station results of the analysis;
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(e) transmitting the results of the analysis to the mobile unit; the analysis
being based upon the second signals, and one or more of the
historical data, éxpert knowledge and computerised protocols.

At least one sensor module of the system may comprise at least one
sensor selected, for example, from the group comprising:

(2) An electro dermal activity sensor;

(b)  An electrocardiogram sensor;

(c) A plethysmograph; and

(d) -A piezoelectric sensor.

The system of the invention may comprise at least two sensors selected,
for example, from a group comprising:

(a) an electro dermal activity sensor;

(b) an electrocardiogram sensor;

(c) a plethysmograph; and

(d)  arespiration sensor.

The first signals may be transmitted from a sensor module to the mobile
monitor, for example, by any one or more of the following protocols:

(a) Bluetooth;

(b)  WiFi; and

(c)  Wireless Lan;

The mobile monitor may be selected, for example, from the group
comprising:

(a) a cellular phone;

(b)  apersonal digital assistant (PDA);

(©) a pocke"i PC;

(d)  amobile audio digital player;

(e) an iPod,

® an electronic note-book;

(g)  apersonal laptop computer;

(h) aDVD player;
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@) a hand held video game with wireless communication; and
%)) a mobile TV.

The mobile unit may be a cellular telephone and communication
between the mobile monitor and the remote server may be over a cellular
communication network.

The mobile unit may include any one or more of a visual display, one or
more speakers, a headphone, and a virtual reality headset. '

In another of its aspects, the invention provides a wearable sensor
module for use in the system of the invention.

The wearable sensor module may éomprise at least one sensor selected,
for example, from the group comprising;:

(a)  An electro dermal activity sensor;
(b)  An electrocardiogram sensor;

(¢) A plethysmograph; and

(d) A pizoomagnetic sensor.

The wearable sensor module may comprise at least two sensors selected,
for example, from a group comprising:

(a)  an electro dermal activity sensor;
(b)  an electrocardiogram sensor;

(© a plethysmograph; and

(d)  arespiration sensor.

The wearable sensor module may comprise a transmitter transmitting

signals, for example, by any one or more of the following protocols:
(a)  Bluetooth;
(b)  WiFi; and
(c)  Wireless Lan;

The wearable sensor unit may comprise an electro dermal activity sensor
adapted to monitor skin conductivities using at least a 16 bit A to D conversion
without the need of manual calibration.

The sensor module may comprise an EDA sensor comprising:
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(a)  atleast two electrodes adapted to be applied to a skin surface;

(b)  electronic circuitry for measuring a skin resistance across the
electrodes and calculating an EDA based upon the resistance using
an algorithm in which the EDA does not depend linearly on the
resistance.

The sensor module may comprise a blood flow sensor comprising:

(a)  alight source adapted to emit light towards a skin surface;

(b) a light detector adapted to detecting light reflected from the skin
“surface; |

(¢)  electronic circuitry for measurfng an intensity of the reflected light
and controlling an intensity of said light source based upon the
intensity of the reflected light.

Electronic circuitry in the sensor module may be capable of measuring
skin resistance across the electrodes over a range of at least from 50 K Ohm to
12 M Ohm.

The first processor of the system of the invention may be configured to
calculate from the first signals one or both of a parameter indicative of an
arousal state of the user and a parameter indicative of an emotional state of the
user.

Calculation of a parameter indicative of an arousal state of the user may
include calculating a score of a sympathetic and parasympathetic activity of
the user using an algorithm based on any one or more of the user's Electro
Dermal activity, Heart Rate, EDA variability, and HR variability.

The the first processor may be configured to calculate a parameter
indicative of an a;ousal state of the user and to display the parameter indicative
of an arousal state of the user on a display associated with the mobile unit as a
two-dimensional vector.

The first processor may be configured to display on a display associated
with the mobile monitor any one or more of the following images: an image

indicative of bio-feedback information relating to the user; an image indic
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of breathing activity of the user, an image including a graph indicative of an
EDA activity of the user, an image including a graph indicative of a heart rate
of the user, an image including a graph indicative of a heart rate variability of
the user; an image including a graph indicative of an autocorrelation of a heart
rate variability of the user; and an image indicative of recommendation to
improve the user's psycho-physiological state based on one or both of the user's
physiological data and experts’ knowledge.

An image indicative of breathing activity may include a bar having a
length indicative of the breathing activity. An image indicative of bio-feedback
information relating to the user may include one or more parameter target
values.

The first processor may be configured to calculate in a calculation based
upon the first signals any one or more of the following: a breathing rate of the
user; and a heart rate variability of the user. The user's rate of breathing may be
calculated and analysis by monitoring changes in the electrical capacitance of
the body while the user is breathing.

The system of the invention may further comprise an entertainment
system In this case, the first processor may be configured to determine at least
one command based on the first signals and to transmit the at least one
command based to the entertainment system. The entertainment system may
comprise a third processor configured to perform an action based upon the one
or more commands. The action may comprises any one or more of generating
an SMS massage, controlling a DVD, controlling a computer game, and
controlling a "Tamaguchi" animation. The action may comprise processing a
user reaction to arly one or more of the following: a displayed animated image;
a video clip, an audio clip, a multimedia presentation, real-time communication
with another human, a question that the user has to answer, and a task that the
has to perform.

In another of its aspects, the invention provides a method for monitoring

one or more physiological parameters of a user comprising:
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() obtaining values of the physiological parameters of the user from one
or more wearable sensor modules;

(b)  wirelessly transmitting first signals indicative of values of the one or
more physiological parameters to a mobile monitor; and

(c)  processing the first signals received from the transmitter in real time
using expert knowledge; and

(d) providing one or more indications of results of the processing to the
mobile unit.

Theé results of the processing may include bio-feedback information of
the user. ‘

The method may further comprise transmitting second signals from the
mobile monitor to a remote server having an associated viewing station and
providing an analysis of the second signals at the viewing station. The viewing
station may include one or both of a remote call center and an interactive expert
system.

The processing may include calculating one or both of a parameter
indicative of an arousal state and a parameter indicative of an emotional state of
the user._Calculating a parameter indicative of an emotional state of the user
may be based upon one or both of a sympathetic activity and parasympathetic
activity of the user. Calculating a parameter indicative of an emotional state of
the user may be based upon any one or more of an electro dermal activity, a
heart rate, an electro dermal activity variability and a heart rate variability.

The method of the invention may further comprise a step of displaying
on a display associated with the mobile unit one or both of an image indicative
of a parameter inciicative of an arousal state of the user; and an image indicative
of a parameter indicative of emotional state of the user. An image may include
one or both of a two-dimensional vector and a color indicative of a parameter.

The- method of the invention may be used in obtaining respiration
information selected from the group comprising duration of the inspiratory

phase, and duration of the expiratory phase. The respiratory information m
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obtained from audio sounds produced during breathing or speaking. The
respiratory information may be obtained by the user indicating the beginning of
one or more inspiratory f)h'ases and the beginning of one or more expiratory
phases of the user's breathing. A breathing rate of the user may be calculated
based upon a heart rate variability of the user. The user's rate of breathing may
be calculated based upon changes in an electrical skin capacitance of the user
while the user is breathing.

The method of the invention may further comprise training the user to
increase any one or more of the followings: a duration of the inspiratory phase,
a duration of the expiratory phase, and the ratio of the duration of the
inspiratory phase to the duration of the expiratory phase.

The method of the invention may further comprise displaying on a
display associated with the mobile monitor an image indicative of bio-feedback
information, wherein the image includes any one or more of the following: an
image indicative of breathing activity, an image including a graph indicative of
EDA activity, an image including a graph indicative of heart rate, an image
including a graph indicative of heart rate variability and an image including a
graph indicative of an autocorrelation of heart rate variability. The analysis of
the second signals may include a recommendation for the user to improve a
psycho physiological state of the user. The recommendation may be displayed
on a display associated with the mobile unit.

The method of the invention may comprise displaying a target value for
one or more of the one or more obtained physiological parameters.

The method of the invention may further comprise steps of:

(a) challenéing the user with one or more stimuli;

(b) monitoring one or more reactions of the user to said one or more
stimuli;

© calculating, in a calculation based upon the one or more reactions, at

least one parameter selected from the group of: latency time of a
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reaction, maximum reaction time, half recovery time, maximum
stress, and new baseline stress; and
providing feedback to the user based on one or more of the

calculated parameters.

The method of the invention may be used in a method of self behaviour

modification comprising any one or more of the methods selected from the

group comprising:

(a)
®
(©)
@
(©
(®
€3]
(h)

cognitive behavioural therapy (CBT);
visualisation;

self hypnosis;

auto suggestion;

mindfilness;

meditation;

emotional intelligence skills;

psychological counselling provided over a communications network.

‘When the method of the invention is used in a method of self behaviour

modification the method may further comprise:

()

(b)
©)

providing the user with an interactive introduction about a specific
condition of the user;

providing the user interactive questionnaires for self assessment; and
providing the user with one or more interactive sessions selected

from the group comprising:

an interactive session for self training to implement cognitive

techniques;

interactive sessions for self training to implement behavioural therapy:;

interactive sessions for self hypnosis;

interactive sessions for visualisation;

interactive sessions for auto suggestions;

interactive training to acquire and implelﬁent life and interpersonal

relational skills;
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interactive training to improve emotional intelligence skills;

interactive training to find purposes and goals; and

interactive training to plan steps in life.

The user 1hay be provided with one or more interactive sessions while
the user is in a deep relaxation state.

Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which
this invention belongs. Although methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the present invention, suitable
methods and materials are described belowh. In case of conflict, the patent
specification, including definitions, will control. In addition, the materials, methods,

and examples are illustrative only and not intended to be limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

An exemplary embodiment of the invention is described in the following
section with respect to the drawings. The same reference numbers are used to
designate the same or related features on different drawings. The drawings are
generally not drawn to scale.

The invention is herein described, by way of example only. With specific
reference now to the drawings in detail, it is stressed that the particulars shown are by
way of example and for purposes of illustrative discussion of the preferred
embodiments of the present invention only, and are presented in the cause of
providing what is believed to be the most useful and readily understood description of
the principles and conceptual aspects of the invention. In this regard, no attempt is
made to show structuralldetails of the invention in more detail than is necessary for a
fundamental understanding of the invention, the description taken with the drawings
making apparent to those skilled in the art how the several forms of the invention may
be embodied in practice.

Fig. 1 is a physiology monitoring system, according to an exemplary

embodiment of the invention;
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Fig. 2 shows a sensor module attached to a user’s finger, according to an
exemplary embodiment of the invention;

Fig. 3 shows some details of a sensor module, according to an exemplary

embodiment of the invention;

Fig. 4 is a schematic representation showing the mental and physiologic states
of a person,;

Fig. Sa shows a typical electro cardiogram (ECG) of a healthy person;

Fig. 5b shows a typical light reflection optical signal as affected by the blood
flow;

Fig. Sc shows frequency analysis of heart monitoring signal,

Fig. 6a shows a graph of typical heart beat rate vs. time and its correlation to
breathing cycle;

 Fig. 6b shows frequency analysis of Heart Rate Variability (HRV);

Fig. 7a shows an exemplary display showing sensors output, according to an
exemplary embodiment of the invention;

Fig. 7b shows an exemplary display showing heart beat rate (HHR), according to
an exemplary embodiment of the invention;

Fig. 7c shows an exemplary display showing Electro Dermal Activity (EDA),
according to an exemplary embodiment of the invention;

Fig. 7d shows an exemplary display showing Heart Rate Variability,
demonstrating the breathing cycle, according to an exemplary embodiment of the
invention; |

Fig. 8 shows an exemplary graph of stimuli induced stress used in a training

session, according to an exemplary embodiment of the invention;

Fig. 9 schematically shows an electric circuitry of a reflective Photo-
Plethysmograph with automatic continual adjustment of the source light intensity in
accordance to an exemplary embodiment of the invention;

Fig. 10 shows an improved electronic circuit for EDA monitoring in

accordance to an exemplary embodiment of the invention;
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Fig. 11 shows an exemplary graph of the relationship between the user’s skin
resistively and voltage measured by improved electronic circuit for EDA in
accordance to an embodiment of the invention; and

Fig. 12 shows an entertainment system according to an aspect of the invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENT

The following detailed description is the best presently contemplated modes of
éarrying out the present invention. This description is not to be taken in a limiting
sense, but is made merely for the purpose of 111ustrat1ng the general principles in
accordance with the present invention. The scope of the present invention is best
defined by the appended claims.

With reference to the drawings, in Fig. 1 shows a physiological monitoring
system 10, in accordance with an exemplary embodiment of the invention.

A sensor module 110 is attached to a user 100. A communication link 112 is
used to transfer data from the module 110 to a mobile monitor 120. Based on the
transferred data the mobile monitor 120 provides visual biofeedback to the user by
means of a display 122 and optionally an audio biofeedback to the user by means of
speaker 126. Optionally, a keypad 124 is used to control the operation of the mobile
monitor 120, sensor module 110, or both. Optionally the user can control the operation
using voice recognition methods.

Optionally, a communication link 128 is used to connect the mobile monitor
120 to a remote server 140 where in-depth analysis of data obtained by the sensor unit
110 may be done and, optionally, data can be transmitted to an expert or another user.
In the exemplary embodiment of Fig. 1, the mobile monitor 130 is a cellular phone,
communication link 112; is a Bluetooth link, and communication link 128 is cellular
RF link to a cellular base station 130 which is linked to a remote server 140 by a data
link 138.

Optionally, an additional data link 148 such as Local Area Network (LAN) or

Internet networking or RF cellular link connects the remote server 140 to a viewing
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station 150 where a human expert may provide interpretation of the data and transmit
recommendations to the user.
Sensor module

Fig. 2 depicts a sensor module 210 that may be used in the system 10 instead of

"the sensor module 110. The sensor module 210 is in contact with the user's finger

200. The sensor module 210 may be attached to the finger by a strap 212 as shown in
Fig. 1, or the sensor module 210 may be shaped to fit over the finger. Alternatively,
the finger 200 may simply be applied to the sensor module 210.

Fig. 3 shows a block diagram of a sensor module 310 for use in the system 10
according to an exemplary embodiment of the invention.

In the exemplary embodiment of Fig. 3, Electro Dermal Activity (EDA) at a
user’s skin surface 300 is monitored by applying at least first electrode 332 and second
electrode 334 to the skin surface 300. EDA electronics 330 monitors the skin
resistively by applying a very low electric voltage across the first and second
electrodes and creating a minute electrical current between the electrodes. EDA
electronics 330 generates a digital signal indicative of the skin resistively.

In the exemplary embodiment of Fig 3, blood flow under the skin 300 is
monitored by Plethysmograph Electronics 320 which is used for Heart Rate (HR)
monitoring. In this exemplary embodiment, a light source 322 illuminates the skin
surface 300 with emitted light 324. The intensity of scattered light 326 reflected from
the skin and received by light detector 328 depends on the blood flow in the skin.
Phethysmograph electronics 320 generates a digital signal indicative of the blood flow
and thus may be used to monitor heart activity.

Optionally, one or more additional sensors 372 connected to additional sensor
electronics 370 is used to monitor one or more additional physiological signals such as
temperature, Electrocardiogram (ECG), blood pressure, etc.

The processor 340 receives digital data from EDA electronics 330,
Phjethysmograph _electronics 320 and optionally from additional sensor electronics
370 and processes the data according to instructions stored in a memory 342. The

memory 342 may be a Read Only Memory (ROM) storing a pre-installed program..a
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Random Access Memory (RAM), a non-volatile memory such as flash memory or
combination of these types of memory. The processor 340 may store raw or processed
data in memory 342 for later use. '

Optionally, the sensor module 310 is equipped with an indicator 380. Indicator
380 may provide visual or audio indication as to the status of the module such as
“on/off”, “low battery”. Additionally or alternatively, indicator 380 may provide
visual or audio indication as to the physiological state of the user based on the data
from the sensors.

In the exémplary embodiment of Fig. 9, a communication module 350 is used
as an interface between the sensor module 310 and mobile monitor 120 (Fig. 1). In this
embodiment, a wireless communication link is used. Preferably, communication
module 350 supports “blue-tooth” RF bidirectional wireless communication and is
connected to antenna 352. Alternatively or additionally, Infra-Red (IR)
communication, ultrasonic communication, WIFI communication, or wire
communication may be used.

Battery 360 provides power for all the electronics within sensor module 310.

Alternatively or additionally, a wired connection, for example Universal Serial
Bus (USB) may be used. In this case, a wired connection may provide power,
optionally using electrical isolation such as a transformer which isolates the supplied
power for safety, as well as means for data transfer.

The location of the sensor module on the user’s body may depend on the type
of physiological data to be acquired by the module and the type of sensor used.

For example, for measuring an EDA signal, the sensor’s electrodes could be
placed where the skin resistively changes depending on the person’s stress or arousal
level or any minute change in the autonomic nerves system, such as the palm of the
hand, fingers wrist or ear lobe.

For measuring blood flow by optical reflectance, the module could be attached
to locations where blood vessels are close to the surface such as the wrist, fingertips

ear lobe etc, or the forehead to monitor blood flow in the brain.
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For measuring cardiac electrical activity (ECG), the sensor may be attached to
the user’s chest using an adhesive or a strap, alternatively ECG can be monitored by
attaching electrodes to two hands.

For temperature sensing, a sensor, which may be external to the sensor module,
may be placed in the armpit or ear etc.

Alternatively, sensor may be temporarily touched to the measurement location
for the duration of the measurement.

More than one sensor module may be used simultaneously. Two or more
sensor modules may acquire the same or different physiological signals and
communicate them to the same or different mobile monitors. Optionally, a plurality of
sensors may monitor one or plurality of users simultaneously. The sensors may
communicate with the same mobile monitor or with different monitors.

The communication link 112 is preferably bidirectional and continues while the
sensor module is in operation. In such cases, the sensor module transmits information
indicative of the user’s physiological state to the mobile monitor for display and
processing and receives commands and instructions from said mobile module. Such
commands and instruction may control the operation mode of the sensor module. For
example, the data sampling rate may be changed by such a command. Additionally or
alternatively, data sampling accuracy or range may be changed by such commands.
Programs executed by processor 340 may be uploaded and stored in the memory 342.

Alternatively, the communication link 112 may be unidirectional in which case
the sensor module 310 only transmits information to mobile monitor 120. Optionally,
the communication link 112 is intermittent. For example, for saving power and
prolong battery life, the communication link may be activated only on demand, or
when signals detected by the sensor are in specific ranges, for example: above or
below thresholds or satisfy other conditions. For example, if the processor 340 detects
an anomaly in the acquired physiological signal, it may initiate a data transfer to the
mobile monitor. Alert conditions may be set up that trigger such data transfer to the
mobile monitor 120. For example, heart rate may be monitored by the processor 340

to detect anomalous conditions regarding the rate and its Variability such as: |
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Rate (HR) too high, HR too low, Heart Rate Variability (HRV) too low. Breathing rate
which may be inferred from analyg;is of HRV as will be demonstrated later, may also
be used to trigger data transfer.

Alternatively or additionally, data transfer may be triggered by the mobile
monitor.

For example, the mobile monitor 120 may be a laptop computer, The sensor
module 310 may acquire and log physiological information, preferably in a
compressed form in meniory 342. Such a log may span a duration of several minutes
or hours. When the sensor module 310 is in the vicinity of the mobile monitor, the
acquired and stored data may be transferred on command initiated automatically or
manually.

The data transfer rate may change depending on the operation mode of the
sensor module. For example, one or few of HR, EDA ECG and HRV may be relayed
to the mobile monitor during normal operation mode, while more or all of the signals
are transferred during another mode of operation. Optionally, data is stored in a buffer,
for example a cyclic buffer within memory 342 such that data recently acquired is
available until over-written. Buffered data may be transferred on demand or initiated
by the processor 340 or the mobile monitor.

Instructions and commands may be initiated by the remote server 140 or expert
station 150 and relayed to sensor module 110 through mobile monitor 120.
Alternatively, different communication methods may be used for different purposes.
For example, data transfer from sensor module 112 to mobile monitor 120 may be
achieved by a unidirectional communication such as IR transmission, while
reprogramming the sensor module or setting alert parameters may be done while
sensor 110 is connected to mobile monitor 120 using a USB cable. It should be
apparent that other combinations of communication modes and methods are possible.

Preferably, the sensor module 310 comprises means for monitoring blood flow
in the skin 300 using the phethysmograph electronics 320; light source 322 and light
detector 328. In the preferred embodiment, the light source 322 is a Light Emitting
Diode (LED) emitting red or IR light 324, or a plurality of LEDs transmitting sar
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plurality of wavelengths for example both red and IR light. Other light sources may be
used such as solid-state diode lasers or Vertical Cavity Surface Emitting Laser
(VCSEL). In the preferred embodiment, the light detector 328 is a Silicon
photodiode.Optionally, the intensity of the emitted light 324 is not constant. For

| example, HR electronics 320 may turn off the light to conserve energy or to perform

periodic calibration and ambient light subtraction. Additionally or alternatively, the
intensity of emitted light 324 may be controlled by plethysmograph electronics 320 to
compensate for different skin colors and person to person variations in skin light
scattering properties such that reflected light 326 will remain within specific range.
This method ensures that the light detector 328 and its associated amplifier and
Analog to Digital Converter (ADC) will not be saturated or out of range. Alternatively
the light source 322 may be placed on one side of the user’s appendage such as finger
or ear lobe and the light detector 328 placed on the other side of the appendage. In this
case the detector detects the light transmitted through the appendage instead of the
reflection light.

Fig. 9 shows some details of exemplary electric circuitry of a reflective photo-
plethysmograph 900 with automatic continual adjustment of the source light intensity
in accordance to an embodiment of the invention. The circuit is designed to pick up
changes in light intensity as blood passes through the capillary bed of a user for
example, in the finger. The intensity of reflected light intensity changes in time
reflecting the pulsatile action of the heart in the user. The change is converted to a
voltage, amplified, filtered and then digitized signal before being passed to a
microcontroller 340

The interface sensor comprises an intensity-controlled Opto-transmitter Tx,
preferably a red or Infrared LED and a light receiver Rx preferably a photodiode or a
phototransistor and a trans-impedance (current to voltage) amplifier. In the preferred
embodiment, the receiver Rx is an integrated component including both photo-detector
and amplifier. The signal S1 from the outiaut of the trans-impedance amplifier is feed
to one input of a differential amplifier A1 and is also low-pass filtered and taken to a

unity-gain buffer amplifier A2 giving output signal S2. Output signal S2 represent~ *~
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average level of light falling on the opto-sensor with any pulsatile component removed
due to the low pass action of the filter. S2 is then used as the other input to the

differential amplifier Al. The output from Al is low-pass filtered and then fed along

.with S2 to the differential inputs of an analogue to digital converter AD1 providing a

digitized pulse signal to microcontroller 340. Additionally, S2 is used along with a
fixed reference voltage Vref slugged comparator A3 whose output controls the
intensity of the opto-transmitter Tx. This allows optimal biased input conditions for
the receiver by automatic continual adjustment of the source light intensity. The
overall effect of the circuit provides for wide variability in ambient light conditions,
skin tone of the subject and minimizes unnecessary current drain due to optimal
control of the light source. It is possible to replace the photo-plethysmograph with a
piezo-electric sensor, which monitors minute changes in blood vessel pressure instead
of changes in reflected light.

Another aspect of the invention is a GSR EDA sensor. GSR and EDA have
been used for many years to monitor general arousal levels. However, efficacy has
been compromised because the difference between skin resistance / impedance of
individuals is very high as is the disparity encountered within the same individual
experiencing differing emotional and physiological states.

In order to accommodate a wide spectrum of users, current systems are not
sensitive enough to diagnose minute changes. One way, used in the art, to overcome
this problem is to have two reading sessions monitored by experts: the first reading
creates a base line, the second session is done at higher sensitivity centered around the
baseline. In the present invention,

. A 16-bit Analog to Digital Converter (ADC) microchip is preferably
used to cover a larger range with high sensitivity.

° The electronic circuit, as depicted in Figure 10, is modified to
enhance dynamic range.

. Software is used that can automatically monitor both the user’s base

line and level of sensitivity, and display it to the user in an understandable way.
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In contrast to prior art EDA units which use 8-bit or 12 bit ADC, the EDA
electronics 330 of the preferred embodiment uses a 16-bit ADC. It was discovered that

small temporal changes in skin resistance provide significant physiological

“information, while the EDA may change over a wide range. Additionally, the large

dynamic range reduces or eliminates the need to manually adjust the ADC range or
baseline or sensitivity. Since the EDA signal is low bandwidth, high accuracy ADC
such as “sigma delta” type may be used.

Optionally, automatic auto ranging and auto scaling may be used. In this
method, a baseline may be subtracted from each measurement. The subtracted value
may be stored or transmitted to the mobile m.onitor so that actual values may be
restored. Similarly, automatic scaling may be used to re-define the signal change
associated with each bit of the ADC. Optionally or additionally, a Logarithmic or
other non-linear scaling of acquired data may be used.

Fig. 10 shows an electronic circuit 1000, for using non-linear scaling for EDA
monitoring. The circuit 1000 is designed to pick up very small changes in sweat gland
activity reflecting changes in the emotional arousal of the user. The circuit monitors
changes in skin resistance level, which are then amplified, filtered and digitized before
being passed to the microcontroller 340.

In one preferred embodiment, the interface consists of a pair of gold plated
finger electrodes 1032 and 1034, etched onto a PCB. The EDA signal has a large
dynamic range and there are also very large variations between subjects of base skin
resistance level. The electronics comprise a modified constant current source.
Operational amplifier A4 tries to maintain the potential at intersection 1100 at voltage
Vref, providing a fixed current through the resistor R3. This current is the current
flowing through the cor’nbination of resistor R1 and the EDA electrodes 1023 and
1034. The voltage Vx, required to maintain this constant current is measured with
respect to reference voltage Vref and digitized by Analog to Digital Converter AD2
after low-pass filtering. Preferably, AD2 is a 16-bit ADC.

The resistance R2 is preferably high, for example (R2 > 10 times the normal

subject base readings) and during normal operation has no significant effect i
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circuit. However for subjects with high levels of basal skin resistance, R2 becomes
more significant and the voltage output from A4 is reduced to prevent output

saturation. This allows subjects with high base resistance to be measured using the

same circuitry with the output measured with a non-constant current.

The measured voltage Vx is given by:
e Vref /R3
1/(R1+ Rx)+1/R2

where R1, R2 and R3 are the resistor values. Vref is a reference voltage value,

and Rx is the changing resistance of the user’s skin appearing between the electrodes.

An EDA monitoring device based on the circuitry according to the current
invention may be capable of measuring small changes in the skin resistance over a
large range, for example from 50 KOhms (50,000 Ohm) to 12 MOhms (12,000,000
Ohm). The exact range may be adjusted by changing the values of the components in
said circuitry.

Fig. 11 shows an exemplary graph of the relationship between the measured
voltage Vx and the user’s skin resistively Rx plotted in arbitrary units on a log-log
scale. A linear range is observed near the origin. The plot becomes non-linear for high
Rx values.

Optionally, the sensor module 310 is equipped with an indicator 380. Indicator
380 may provide visual or audio indication as to the status of the module or provide
one or few of: visual, vibrational, or audio indication as to the physiological state of
the user based on the data from the sensors. For example, indicator 380 may be used to
alert the user that a physiological signal is out of the predefined range. The alert may
be initiated locally by processor 340 or communicated to the sensor module through
communication link 112. Optionally, indicator 380 may be used as biofeedback in a
training session as will be detailed later.

The indicator 380 may comprise an LED or a few LEDs optionally of different
colors. Optionally, indicator 380 may comprise a speaker providing audio signal to the

user. Optionally, indicator 380 may comprise a means to produce vibration such as
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PZT buzzer or miniature electric motor so that the alert may be sensed by the user and
no one €lse.

Mobile monitor

In an embodiment of the current invention the sensor module 110 is connected
by communication link 112 to a mobile monitor 120. In one preferred embodiment,
the mobile monitor 120 is a cellular phone or a Personal Digital Assistant (PDA)
equipped with a processor to perform data analysis, memory, a display, Audio output,
input means such as keypad, and microphone and sketchpad and means to
communicate with both sensor module and remote server.

Specific programs necessary for interfaci'ng with the sensor module and for
providing feedback to the user may be uploaded by the user. For example, the program
may be loaded into a cellular phone wirelessly in the same way a new game or ring
tone is loaded.

Alternatively, other personal computing devices may be used as mobile
monitors, for example a Laptop Personal Computer LPT or a media player such as
Apple iPOD®, pocket PC or an electronic note-book. Alternatively, a standard PC may
be used if the user wants to execute a training session without moving around or if the
user wants to download data stored in the sensor module periodically or to reprogram
the sensor. _

The communication range of the sensor module is limited due to its small size
and low battery capacity to few meters or up to almost 100 meters using Bluetooth. In
contrast, the Mobile monitor is equipped with means to connect to a remote server
wirelessly over the cell network, preferably using the Internet. For example, cellular
phone may be connected using one of the cellular data exchange protocols such as
GPRS. Other standard aﬁd proprietary protocols may be used such a wired connection
to a phone line using a modem or an Asymmetric Digital Subscriber Line (ADSL), a
Local Area Network (LAN) Wireless LAN (WAN), etc.

Remote servers may provide additional processing of the sensor’s data, initial
and updating of mobile monitor and sensor module programming, feedback and

recommendations to the user, issue alerts to the user or summon rescue teams to a
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the user in emergency. Some mobile monitors may be equipped with means to
establish their physical location such as Global Positioning System (GPS) which may

be used to direct the rescue team to a user in distress such as during cardiac mishap or

epilepsy episode.

States of mind

Reference is now made to Fig. 4 illustrating schematically examples of possible
“states of mind” of a user. The vertical axis is the arousal level of the user while the
horizontal axis is his emotional state.

Biofeedback and monitoring systems are not designed to analyze emotions.
The GSR or EDA sensor reflects arousal level, but the system cannot differentiate
between positive arousal — that is when the user is enthusiastic and negative arousal
when the user is stressed and angry. The existing methods also cannot differentiate
between positive low arousal - when the user is relaxed and meditating, and negative
low arousals — when the user is depressed and despondent.

Reference is now made to Fig. 4 illustrating schematically examples of possible
“states of mind” of a user. The vertical axis is the arousal level of the user while the
horizontal axis is his emotional state.

By integrating a sensitive EDA sensor (such as disclosed herein according to
the current invention), HRV analysis, and optionally a multimedia display (such as a
smart phone , PDA or PC), it is possible not only to analyze the state of the emotions
of the user as described in Fig. 4 , but also to train the user to improve his state of
emotions and physiology.

For example: the system can have several modes of operation:

a) Baseline calibration: The system automatically determines a base line of the
specific user. The base line includes vectors of parameters which will be calculated
and recorded during the first interval, including: minimum, maximum and average
HR, HRV, FFT (Fast Fourier transform), respiration rate (which can be calculated
indirectly or monitored directly), and EDA - max, min, average, variance, number of

fluctuation and slope.
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b) Calibration using induced state of mind: Preferably, a short time after the
base line has been stabilized, the system presents prerecorded triggers. Each trigger is

designed to elicit specific emotions in the user. The triggers may be prerecorded

scenarios which can cause specific emotional reactions. The preferred methods are

multimedia methods, which can be a prerecorded audio visual movie on a smart phone
or PC. For a professional system, this can be virtual reality goggles with a real 3D
scenario. For a less expensive system, the trigger can be only an audio session using a
mobile phone. These triggers or scenarios can be general scenarios which have been
tested and validated in the past to create a specific emotional reaction, or can be
customized for a specific culture, people or persén. For example, a scenario might be
an audio visual display of a dentist drill in a tooth, or a car accident for negative
arousal; winning a game, or a romantic relationship for a positive arousal; a relaxing
nature movie for positive relaxation, and a boring and sad scenario for negative low
arousal. Before, during and after each trigger, the system monitors, calculates and
records the vectors of parameters as described above and calculates the parameters
which are described in Fig. 8 when each trigger start and finish.

c) Calibration using user reported state of mind: The system can ask the users
to input their subjective feeling, for example, by using the keyboard of their cell phone
(e.g.) if you feel very happy press 9, very sad press 1). By calculating the above
vectors and correlating them with the specific triggers, the system is able to
differentiate between specific states of emotions and to correlate them with the
physiological state of the user. The system can keep those vectors and their
correlations to specific emotional states for specific users, and/or for each group of
users. ‘

d) Learning mocie: The system can incorporate neural network and similar
methods to continue learning, using the data from a group of users in the past to
predict the emotional state of a specific user in a shorter time using his vector of data
as describe above. For example, using this algorithm with a group of people, the

system can predict that when a user has a low HRV and at the same time a high skin
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conductivity, his emotional state is "megative stress", while user with a high HRV and
a low skin conductivity is "relaxed and positive".

e) Training mode: The systém can also train the users first to be more aware of
their physiological and emotional state during their daily activities, and, second to
acquire better behavioral, physiological and psycho- physiological habits, such as
increasing their respiration cycle, and the ratio of expiration to inspiration, increasing
their HRV, and learning to relax. , Third, the system can be used to train users to
improve their reaction and responses to negative triggers and events during their daily
life, and to improve their reactions and performance under pressure. The system can
simulate real events and train the user to iml;rove his reaction, performance and
behavior. For example while prior art biofeedback systems can be used only in an
artificial setting (e.g. the therapist's office) the wireless sensors of the invention can be
used during actual important activities, such as driving, playing music, competing in
sports, during exams, work interviews, etc.

The system of the invention may be calibrated or customized to a specific user.
Alternatively, statistical parameters acquired by studying the general population or a
specific sub-group of the population may be used. In some embodiments, a remote
server receives data from a plurality of users, optionally including information about
the user, and uses the information to create a data set used for state of mind analysis.
Optionally, parameters extracted from the data set are transmitted to the mobile units
of at least some of the users to be used for determination of the state of mind of the
users. Optionally, a study group or plurality of study groups of users are used by the
service provider in order to create the data set. This real time analysis of the state of
mind of the users includipg their emotional reactions to specific triggers can be used to
train the users to improve their performance and also to analyze their reactions to
specific events, triggers, products and services.

The users can receive feedback in real time directly from the system by audio-
visual feedback in real time, and at the same time the system can transmit the
information to an expert or coach who can help them improve their reactions. This can

be relevant for health issues —e.g. a child with asthma who can get feedback ir
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time from the system and/or physician, or an athlete receiving feedback to improve his
performance. For training and analysis, it is recommended to record the physiological

vectors as described above together with the external situation —e.g. a video of the

_competition, or a musical performance. In this way, it is possible to find the

correlation between the best performance and the physiological vectors, and to train
the user to optimize his' physiological, emotional and mental performance, using
simulation of the event by video or visualization together with the real time feedback
of the sensors.

Schematically, the upper section of Fig. 4 is characterized by high arousal state,
such as physical or emotional stress. This stress ‘may be a result of vigorous physical
activity or by emotional state of anger, aggressiveness, fear, or anxiety. Alternatively,
high arousal may be a result of excitement caused by constructive thoughts such as
concentrating on performing a task, or feelings of enthusiasm or passion. These two
different states are separated by their being on the right (negative emotionally) and left
(positive emotionally) sides of the figure respectively.

Similarly, low stress states of mind, schematically symbolized by the lower half
of the figure, may be a result of depression or boredom, characterized by low arousal
or energy level and negative emotions on the lower right of the figure; or relaxation
and self contained pleasure on the lower left side of the figure.

In an embodiment of the invention, the combination of sensors and data
processing enable automatic determination of the state of mind of the user and may be
used to provide feedback and interactive multimedia training to achieve and maintain
the positive state of mind and body.

A high stress state is characterized by a high production of adrenalin hormone
associated with high HR However, high HR by itself cannot separate enthusiasm and
passion from anger and anxiety. Positive mental states (left two quadrants of Fig. 4)
are associated with secretion of growth hormone and dehydroepiandrosterone
(DHEA), and characterized by high heart rate variability (HRV) and high skin
resistance. In contrast, negative mental states (right two quadrants of figure 4) are

associated with secretion of Cortisol hormone and characterized by
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HRV.Additionally, a state of relaxation is characterized by slow, steady breathing with
slow exhale periods.

In an exemplary embodiment of the invention the state of mind is characterized
by a two component vector: Emotional level: Left- more positive emotions, right-
more negative emotions — on the horizontal axis; and Stress level on the vertical axis:
Up- more stress, down- less stress.

» In some embodiments of the invention a marker, for example an icon is
displayed in the coordinates representing the state of mind vector and may be viewed
by the user to allow monitoring of his state. The location of the marker may be
periodically updated as the state of mind changes-.

Alternatively or additionally, color codes may be used to symbolize the state of
mind. For example, the horizontal axis may be represented by shades of yellow on the
left to black on the right; while the vertical axis may be represented by shades of red
on the top and blue on the bottom.

The combinations of these colors yields: Orange — representing a passionate
mood on the upper left quadrant of the two dimensional scale; Green — representing a
relaxed mood on the lower left quadrant; Dark Red - representing an aggressive mood
on the upper right quadrant; and Dark Blue - representing depression on the lower left
quadrant.

The resulting combination color, representative of the state of mind may be
displayed on the display 122 of unit 120. For example, the resulting combination color
may be used as background for one or some of the graphs as depicted in Figs. 7a to 7d.
It should be clear that other color schemes may be used within the general
embodiment of the current invention. Such a color representation of state of mind is
easy to view and may be intuitively understood by the user without the need to
carefully observe the monitor or while performing other mental or physical tasks.

Data processing

In an embodiment of the invention, heart pulses are tracked by data analysis

performed by processor 340 within the sensor module.
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Fig. 5a shows a typical ECG signal of a healthy person. Three heartbeats are
clearly seen separated by time intervals T1 and T2.

Fig. 5b shows a typical 6ptical signal. Three heartbeats are clearly seen
separated by time intervals T1 and T2.

In an embodiment of the invention, optical signals from detector 328 are
analyzed and individual heartbeats are determined.

This can be done by identifying the peaks, minima or zero crossings in the
signals, by performing auto correlation or by wavelet analysis.

In one preferred embodiment, local maxima are found in the optical signal.
Then, the system checks if this peak is a heartbe;Lt peak or only a local maximum due
to noise. This determination may be assisted by performing comparison with signals
from previous heartbeats and using, for example, probabilistic, heuristic or fuzzy logic
algorithms.

In contrast to standard heart rate monitors which display only an average heart
rate, the combination of the electronics and the peak detector — heartbeat recognizer
algorithm enables the system to detect, calculate and present more accurately each
heartbeat.

A similar analysis may be performed on an ECG signal if available. It is easier
to detect accurate peaks in an ECG because the R wave has high amplitude and is
sharp. The instantaneous HR is define as HR(t)=1/y;, where T(i) is the duration of
heart cycle “7” (T is also known as R-R duration as seen in Fig. 5a), HR(t) is tracked
over time (t) and optionally stored in the memory 342. Alternatively, the T(i)’s may
be stored.

An average HR (AHR) may be calculated by averaging the values of HR over a
specific period. A running average may be calculated over a predetermined time
window to reduce noise in the signal.

HR Variability (HRV) may be calculated by several methods. One of them is
the absolute value of the difference between the AHR and HR(t), and calculating the
average of the HR(t) in the specific interval.
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Other methods are calculation of the standard deviation or variance of the HR
in a specific interval.

Optionally or additionally, spectral analysis of a heart signal may be performed.

. A computational efficient Fast Fourier Transform (FFT) algorithm is preferably

performed to calculate the spectrum.

Fig. Sc shows a typical Fourier spectrum of heart signal. AHR can be inferred
from the location of a peak, that is typically located between 0.5 to 3 Hz
corresponding to an average heart rate of 30 to 180 beats per minutes. HRV may be
inferred from the width of the peak.

A stress level can be inferred from the AHR wherein a high level of stress is
characterized by higher than normal AHR. It should be emphasized that “normal”
AHR is different for each individual and depends on age and physical stamina. Thus,
this level may need to be updated from time to time, for example by measuring and
averaging the AHR over an extended duration or by measuring it during a calibration
session while the person is in a known state of mind. Similarly, the two ends of each
axis may be calibrated during training and calibration sessions, for example: vigorous
physical exercises vs. meditation rest or sleep.

Variability in HRV may be assessed from width of the peak in Fig 5c.

It was discovered that heart rate is correlated with the breathing cycle and
autonomic nervous system functionality. Fig. 6a shows a typical graph of a healthy
person’s HR as a function of time during normal breathing cycle. The HR increases
during inhalation and decreases during air exhalation.

Breathing monitors known in the art use strain gauge sensors strapped around
the chest, or air movement sensors positioned near the person’s mouth and nostrils.
Using these sensors is cumbersome and uncomfortable. In contrast, an embodiment of
the current invention infers the breathing from HR information.

In an embodiment of the invention, values of instantaneous HR(t) determined
for example from-optical signals or from ECG signals are analyzed and the breathing
cycles are determined. This can be done by identifying the peaks, the valleys or zero

crossings in the HR sequence, by performing auto correlation or using FFT analy.
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by wavelet analysis. Each breathing cycle may be analyzed for Breathing Rate (BR),
Breathing Depth (BD) and the Ratio of Exhale over Inhale duration (REI).

Alternatively or additionally it can be analyzed and presented as two parameters:

Inhalation duration and exhalation duration (average duration in seconds).

Where: BR per minute is defined as 60 over the duration of the breathing cycle
in seconds;

BD is defined as the Minimum HR subtracted from the maximum HR during
the breathing cycle normalized by the AHR, and

REI is defined as exhale duration divided by inhalation duration.

These values may be transmitted to the mobile monitor and optionally stored in
the memory 342. Alternatively, the breathing analysis may be done at the mobile
monitor.

The average values of BR, BD and REI (ABR, BD and REI respectively) may
be calculated by averaging the values of BR, BD and REI over a specific period. A
running average may be calculated over a time window to reduce noise in the signal.

Optionally or additionally, a spectral analysis of HR or HRV sequence, using a
computational efficient Fast Fourier Transform (FFT) algorithm, is performed to
calculate the spectrum.

In some embodiments of the invention, HR(t) is displayed to the user, for
example as shown in Figure 7a. A graph of HR(t) may be useful for assessing the
ability of the user to quickly adapt to changing circumstances, for example to regain a
calm mood after an exciting stimulus.

An additional method to analyze the data and extract breathing pattern is to
perform autocorrelation on the HR(t). Autocorrelation, AC(k) may be defined as the
sum over a specific interval j = {t-K to t} of HR(j)*HR(j-k). In some embodiments
of the invention, the autocorrelation function is displayed to the user to assist
visualization of the breathing cycle as will be seen in Figure 7d. When breathing is
steady, the autocorrelation function exhibits a deep wave pattern with a cycle's length
equal to the breathing rate. The depth of the waves of the autocorrelation function is

indicative to the depth of the berating. In contrast, when the user is in agitated sta*~ ~*
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mind, the breathing is unsteady and may be shallow, causing the autocorrelation
function to flatten. The autocorrelation function may be used for calculating the

Breathing Rate (BR), the Average Breathing Rate (ABR) and the Breathing Rate

Variability (BRV).

The Exhalation to Inhalation Ratio (EIR) may be calculated from the graph of
Figure 6a by measuring the Exhalation Duration (ED), the Inhale Duration (ID) and
calculation EIR = ED/ID. Note that the breathing rate BR is given by 1/ BD wherein
the Breathing Duration BD = ED + ID. The values of EIR, BD, breathing depth and
breathing stability may be assessed from the autocorrelation function, or from an FFT
analysis or using other input devices such as a ';nobile phone or mouse as described
below.

Fig. 6b shows a typical FFT spectrum of the HRV. An average breathing rate
(ABR) can be inferred from the peak at around 1/10 Hz corresponding to average
breathing cycle of 10 seconds. Average breathing depth may be inferred from the
height of the peak and Variability in breathing rate from width of the peak.

By analyzing the FFT of the HR and analyzing the EDA over the same period,
the balance of the sympathetic and parasympathetic nervous system can be analyzed.

Optionally or additionally, a conventional breathing sensor may be use to
provide independent measurement of the breathing cycle. Optionally or additionally,
the user may be requested to provide independent measure of the breathing cycle. For
example, the user may be asked to use an input device of the mobile monitor, for
example an LPT, [define], mouse or keypad, cellular phone keypad, scratchpad of a
PDA or any other input device. The user may provide an input at each breathing cycle
or provide more information, for example by pressing the “up” key during inhalation
and the “down” during exhalation, thus providing information needed to calculate REI
independently from the values inferred by HB analysis.

Alternatively or additionally, a microphone may be used as an input device to
allow the user to speak an indication or the microphone is placed close to the user's
airways to pick up noise caused by air currents during breathing. For example, a

headset microphone attached to a cellular phone may be used for sensing the user',
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breathing. These methods are simple to implement, do not require a special respiration
sensor, and provide important information and feedback to the user.

It was found that during relaxation, a breathing pattern is dominated by regular,

slow, deep breathing. This pattern manifests itself by increased amplitude of the peak

60 in the curve of Fig 6b. At the same time, due to the increased depth of inhalation,
and the stabilization of the breathing rate, the Variability in HR increases, causing the
broadening of the peak HRV shown in Fig 6b.

Respiration guide bar

The systein may present to the user a respiration guide using any one or more
of a graphic bar display, musical cues voice instructions, and/or vibration.. In the
graphical bar display, the breathing bar length may vary, for example, in accordance
with the user’s respiration rate or the duration of the inspiratory or expiratory phase of
the respiration cycle. The system can calculate the user’s respiration rate and use it as
a starting base line, and train him to improve the pace (increase the exhalation period)
according to the user’s needs, for example, using predetermined instructions that can
be overridden by the user or a coach. As another example, the breathing bar length
may vary in accordance with the lung volume of the user, increasing in length as the
user inhales and decreasing as he exhales. Using an autocorrelation method, the
application may anticipate the breathing pattern based on recent berating history. By
displaying a delayed image of the breathing pattern, the user may train to slow down
his breathing rate. Optionally, the training may be aimed at achieving a predetermined
breathing rate goal. Similarly, the breathing depth, as determined by the HRV, may be
indicted by the length of the breathing bar. Inspiratory and expiratory phases can
easily be followed by the user observing the changing breathing bar. The speaker 126
may be used to give ;foice indications, encouragement and commands such as:
"inhale", "hold breath"” or "exhale". Alternatively, the breathing bar may change color
according to the phase of the breathing cycle. Alternatively, another type of display,
such as an expanding and contracting balloon may be displayed, where the size of the
balloon represents the volume of the lungs. Optionally, the user may choose the

operation and display mode of the breathing bar.
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Display screens

Figs. 7a, 7b, 7c and 7d show exemplary display modes according to different
embodiments of the invention. '

It should be noted that these exemplary display screens are shown for
demonstration purposes as adopted to be viewed on a specific cellular phone. Other
display means, for example a PDA, etc, and display designs may be created within the
general scope of the current invention.

Fig. 7a shows an exemplary display on a screen 122 of a cellular phone used as
mobile monitor 120. On the top of the display scréen 122 is an icon driven phone
menu 72 that allows the user to access other fuﬁctions of the cellular phone. In this
example, the menu comprises: “incoming call” icon 73a, “address book” icon 73b,
“message” icon 73c and it may comprise of other icons. At the bottom of the display
screen 122 is a phone status line 86 showing status indicators of the cellular phone,
such as “battery level” 8la, “speaker on” 81b, “RF reception level indicator” 81c,
etc. Generally, these top and bottom lines are part of the cellular phone system and are
not involved with the operation of the mobile unit as physiological monitoring and
training.

Some or all functions of the mobile unit, for example cellular phone 120, are
available to the user during physiological monitoring. For example, the user may
accept an incoming call on the cellular unit. Preferébly, physiological data continue to
be accepted and logged, to be processed and displayed later. Similarly, the user may
access an address book or other information stored in memory of the mobile unit
without interruption of physiological data logging.

In the case where"the mobile unit 120 is a cellular phone, the data analysis and
screen display may be created by an application loaded into the cellular phone
memory and executed by the processor within the cellular phone.

The data logged on the mobile unit may be transmitted to a remote server for
further analysis. For example data nﬁay be sent to via the cellular network using a data

exchange protocol such as GSM, GPRS or 3G. Alternatively or additionally, data may
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be transferred to a PC or a laptop computer using a cable such as USB cable,
Bluetooth RF communication or Infrared (IR) communication.
Below the icon driven phone menu 72 is an application menu 85 that allows the

user to access other functions and display modes of the current invention. For

example, the user can choose specific tutorial or interactive training. The application

menu 75 may allow control of the sensor's mode of operation, for example: starting
and stopping data acquisition or data transfer, turning on or off a sensor, determining
the sampling rate and accuracy, etc.The user may use the application menu 85 to
choose the format of the displayed graphs and data. ‘

The display screen 122 may display breathing bar 77. In the examples herein,
breathing bar 77 is in the upper left, below the application menu 75. In the
embodiment of Fig. 7a, the graph 80 shows the pulse signal 81 plotted vs. time on the
horizontal axis, as measured for example by blood flow in the skin which is monitored
by Heart Rate (HR) Electronics 320 within sensor module 210. Preferably, the graph is
continuously updated and displays the data in real time. Alternatively, the graph is
represents previously logged data.

In the embodiment of Fig. 7a, the graph 90 shows the EDA signal 91 plotted vs.
time on the horizontal axis, as measured by the EDA electronics 330 within the sensor
module 210. Preferably, the graph is continuously updated and displays the data in real
time. Alternatively, said graph may display previously logged data.

The large main graph 50 shows instantaneous HR(t) 51 in units of heart-beats
per second on the vertical axis plotted vs. time in minutes on the horizontal axis.
Optionally the main graph 50 comprises a navigation icon 54 (shown here in "play"
state) used to manipulate the display. For example, the user can "fireeze” the display to
closely examine a specific time frame. Similarly, the user can perform any or all of the
commands "fast forward,” "shift up", "shift down", "move back”, "zoom in", "zoom
out", "smooth" etc. Manipulations performed on the large graph 50 may also effect
one or both of the graphs 80 and 90 so as to maintain the synchronization of all the
graphs. Alternatively, some of the graphs may show real time data while another graph

shows previously logged data.
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Target or optimal range zone limits 52a and 52b are marked on the main graph
50 so that the user can easily compare his heart rate to a training goal. The target zone
may be colored. For example a central green zone may indicate the goal values, while

shades of yellow designate the target zone and shades of red indicate dangerously high

“or low values. The background color of one or some of the graph may be indicative of

the state of mind of the user.

In the embodiment of Fig. 7a, the numerical data on the left 65a shows the
instantaneous heart rate HR(t). In this example, the value 61 beats per seconds may
also be inferred from the last value of graph 51. Alternatively, numerical data on the
left 65a may display the average heart rate over a predetermined time interval.

In the Embodiment of Fig. 7a, the numerical data on the right 65b shows the
average heart rate variability as computed from the standard deviation of HR(t) over a
time window. Alternatively, numerical data on the right 65b may display data
indicative of the difference between the minimum heart rate and maximum heart rate
as depicted in Fig. 6a.

Fig. 7b shows another exemplary display on a screen 122 of a cellular phone
used as mobile monitor. In this example, graph 90 shows HRV values 93 plotted vs.
time on the horizontal axis instead of showing EDA data. The values 93 may be
indicative of an autocorrelation function of the HRV.

Fig. 7c shows another exemplary display on a screen of a cellular phone used as
mobile monitor. In this embodiment, graph 90 shows HRV values 93 while large
graph 50 shows EDA data 91. A navigation icon 54 indicates that the data display is in
a "pause” mode.. ’

Fig. 7d shows yet another exemplary display on a screen of a cellular phone
used as mobile monitor. In this embodiment, graph 80 shows pulse data 81, graph 90
shows data 51 and graph 50 shows HRVdata 93.

The exemplary screens depicted in Figs. 7a to 7d may be used by a user to
assess his physiological state and as a biofeedback device to modify his condition and

reactions to daily events. The mobile monitor may be used to display ‘“real-t~-”
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parameters calculated from data recently acquired or may be used to replay a sequence
of parameters previously acquired and stored. The date and time at which the data

were acquired may be stored and associated with the stored data and is optionally

~ displayed too.

The display screens may be flexibly designed to fit the size and type of display
of the mobile monitor. Different combinations of signals and parameters may be
displayed in various ways such as graphs, colors, pie charts, numerical values, bars,
clock-like indicators, alert signals, alphanumerical messages, etc. Static or moving
animations may also be displayed according to the interpretation of the physiological
data. For example, a happy “smiley face” may be displayed when the state of the user
is relaxed and sad face when the user is in a state of anxiety. The speed of the motion
of the animation may be correlated with vital parameters such as HR or BR.A pulsing
heart or breathing lungs may be displayed and animated to follow the cycles of the
user. Music and musical tones may also be used as indicators, for example the pitch or
intensity may be correlated with HR and BR and the user may train to achieve and
maintain low quiet sound.

Training session

Because the EDA sensor as described herein is sensitive to changes in the
arousal level of the user, it is possible to calculate several types of scores that reflect
changes in the user’s responses to different stimuli, including subconscious responses.
The stimulus can be, for example, a question, a picture, music, a smell, or multimedia
clips such as a short video. The stimulus can be presented/asked by another person or
by prerecorded information on the mobile monitor or computer. It can be a message
transmitted to the user such as text message or multimedia message on the mobile
phone or TV clip or an3; other stimulus that can affect the user's response consciously
or sub-consciously. The system monitors the user’s physiology before, during and
after the stimulus, and may calculate any one or more of the following parameters:
EDA scores, heart scores and state of mind scores.

Fig. 8 shows an EDA graph as an example of a stress response of a user to such

a stimulus. From these responses the system can calculate the following
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scores:the stimulus (trigger) time, the latency (response time) until the EDA changed,
the time to maximum conductivity, the absolute and relative changes in the amplitude
before the stimulus (baseline), dﬁring the stimulus, and the new base line after a
predetermined time following the stimulus, the half recovery time, the full recovery
time; the variance and standard deviation of the EDA calculated periodically (such as
every one tenth of a second) before during and after the stimulus; calculating a similar
parameter based on the variance of the EDA- including the standard deviation and/or
variance of the variance of thé EDA, and latency, maximum of the variance, half
recovery time of the variance, and recovery time of the variance.

Trying these scores with many users, it was found that this system can be

effective in finding which number a person has chosen or if he is or is not telling the

truth, and detecting other information that the user tried to hide. For example, users
were asked to choose a number. The mobile phone presents a randomly chosen
number, and calculates the parameters described above. The user is instructed to say
no to all the numbers. But the system can detect the number that the user had chosen
by finding the number with the maximum standard deviation of the variance of the
EDA after presenting the chosen number.

In a similar way the system also calculated changes in the pulse, heart rate and
heart rate variability of the user during a specific time interval or as a response to a
stimulus (heart scores).

In the exemplary embodiment of the invention, the system can monitor and
calculate both EDA scores and pulse scores, and present to at least one user a
multimedia audio-visual response on the mobile monitor. Therefore it is possible to
present different audiovisual clips which represent different moods. The system can
also record the user’s sﬁbjective responses (degree of fear or joy) and calculate the
EDA scores and the heart scores simultaneously. This can be used for research, for
therapy, for assessment, and for fun. Using these methods it is possible to map at least
two dimensions of a user’s state of mind; one dimension is arousal or relaxation, and

the second dimension is positive or negative — does the user enjoy this state or dislike
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it. Fig. 4 shows a two-dimensional array of states of mind. The present invention can
be used to map an individual's state of mind in the two-dimensional array.

An additional aspect of the present invention is integration of Computerized

Cognitive Behavioral Therapy (CCBT) together with the system of the invention (the

sensors, algorithms as described). Several systems have been developed for
computerized psychological methods known as CBT. For example, in a Doctorate
thesis in Clinical Psychology August 2002, Kings College London UK Dr. Gili
Orbach presented a Computerized Cognitive Behavior Therapy (CCBT) program. This
is a method and clinical process to train students using a multimedia interactive
program over the internet to reduce anxiety, anci improve self confidence and results
in exams. The CCBT programs can educate the users, explain to them about their
thought mistakes, provide them with behavioral advice, etc. By integrating together
CCBT, visualization, self hypnosis, and the present invention, including sensors and
methods to monitor responses, and interactive multimedia feedback to train them to
change their responses, a method and system are created, that can train users to modify
their behavioral responses, know themselves better, help them to overcome habits and
change themselves in their preferred direction.

Possible uses

When the system of the present invention may be equipped with programmable
data processing power and flexible output means, numerous applications and uses may
be adopted and used, optionally simultaneously and in combinations. A few exemplary
applications will be described below.

Alerts

The system may lze programmed to alert the user or someone else when certain
conditions occur. Conditions may be assessed, and an alert initiated by any or few of:
processor 340 in the sensor module, in the mobile monitor 120, in the server 140 or by
the human expert 150.

The system of the invention may generate an alert under predetermined
conditions. Heart and breathing alerts may be life saving for patients at risk of heart

attack, epilepsy, old or incapacitated people, people with mental disability etc. 2
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may be indicated by any or few of: indicator 380, display 120 and speaker
126.Alternatively or additionally, alerts may be relayed to other locations by any or
few of: mobile monitor 120, server 140 or by the human expert 150. For example a
medical, law enforcement or rescue team may be informed if the system detects
possible behavior abnormality. Data supporting the assessment may be relayed in
association with the alert. If it exists, data on identity, health condition such as medical
records, and location of the user, for example a GPS reading of the mobile monitor,
may also be transferred. Conditions for generating an alert may be related to heart rate
for example: HR below or above a predetermined value, abnormal HRV for example
HRYV below or above a predetermined value ot rapidly changing, or indication for
arrhythmia. Conditions for alerts may be related to breathing for example: any or more
of: HR, BR or ERI below or above a predetermined value, abnormal BR for example
BR rapidly changing. Conditions for generating an alert may be related to stress for
example: EDA below or above a predetermined value or rapidly changing. Conditions
for generating an alert may be related to a combination of signals from multiple
Sensors.

Training for improving guality of life

The system of the invention may be used for training aimed at modifying his
condition. For example, the user may observe his physiological signs and optionally or
alternatively the interpretation of these signs to modify his behavior to avoid negative
emotions depicted on the right side of Fig. 4. Additionally, the user may train to
achieve, strengthen or maintain concentration and enthusiasm depicted in the upper-
left quadrant of Fig. 4 by modifying his behavior. Or, the user may train to achieve,
strengthen or maintain a state of relaxation as depicted in the lower -left quadrant of
Fig. 4. '

It has been shown that people are able to achieve these goals by using
biofeedback, even though they are not fully aware how they control their emotional
and physical states, and thus gain control over involuntarily body activities such as
blood pressure, hormone secretion etc. The system of the invention may also be used

for training voluntary activity. , For example a user may train to breath at a stc~*"
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slow rate optionally achieving deep breathing with low ERI. This type of breathing is
known to promote relaxation.

According to another embodiment of the invention, a user known to suffer from
episodes of anger or anxiety may use the system in his daily routine. The system may
be used to detect early signs of an approaching attack and prompt the user to take
measures to mitigate the situation ether by taking medication or by mental or physical
exercises such as taking deep breaths or by stopping his current activity. A silent alert
such as vibration or a concealed alert such as Short Message Service SMS or a “fake ”
call to a cellular phone may serve to distract the user from the harmful path that may
lead to aggressive or an anxiety attack. People.suffering from various phobias may
also benefit from an alert generated when a stimulus eliciting the phobia is
approaching.

When the breathing cycle is followed by both HRV analysis and another means
such as breathing sensor or user input, the correlation between HRV and actual
breathing cycle may be monitored and the user may train to achieve better
synchronization between the two. Generally, inhaling induces sympathetic system
response causing arousal and increase of HR while exhaling induces the
parasympathetic system response causing relaxation and decrease of HR. Thus,
learning to control breathing, an art that currently requires years of studying,
meditation or Yoga, may be achieved using the present invention.

According to another embodiment of the invention, the system may be used to
record the physical and mental state of the user during his daily routine and correlate
its readings to the type of activities performed. For example, times of high stress, high
concentration, best performance, or high pleasure may be timed and displayed. The
user may compare these times with the activities performed that date, for example, by
referring to his diary records. Sensor readings may be integrated with diary records
automatically, for example by integrating the software with commercial applications
such as Microsoft Outlook®, and displayed on a mobile monitor such as a PDA or
LPC.
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Additionally or alternatively, the user may use input means on the mobile
monitor to input memorandums such as voice or written messages indicating the type
of activity he is performing, and his subjective feelings which will be integrated into
the log of daily activity and sensor readings. In this way, the user may compare his
activities and his subjective feelings to the objective sensor reading. Knowing the
activities that induce stress, the user may prepare himself for future repetitions of the
same or similar activities, or attempt to avoid them.

According to another embodiment of the invention, the system may be used to
record physiological readings during sports training. In contrast to available devices
that display only moving AHR, the system of the invention is capable of recording and
storing virtually a record of each individual heartbeat and breath. Data compression,
large memory capacity in the mobile monitor and mass storage in the remote server
enable acquiring and storing these records over long periods of use. Because the
sensors are small and transmit the data wirelessly —either using the Bluetooth protocol
or the mobile network communication services- an expert coach can view and monitor
the physiological parameters, the emotional- arousal states and the performance of the
athlete , and coach him in real time to improve his reactions and performance. The
data can be also saved for analysis later on. An athlete can also rehearse at his home or
office using the invention, with either a multimedia mobile phone or PC or PDA
(personal digital device) while he is viewing his performance, and simulating his
emotional and physiological conditions, as in a real competition. By using several of
the sensors simultaneously (e.g. heart rate, HRV, breathing, EDA EMG), the user
learns to tune not only his physiology but also his attitude, arousal level etc, and to
achieve his best performance.

According to another embodiment of the invention, the system may be used to
record physiological reading while the user is sleeping in order to help identify and
possibly correct sleep disorders.

Wearable Biofeedback Tools:
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Biofeedback has been in use for many years to alleviate and change an
individual’s negative behavior patterns but existing systems have a number of
significant drawbacks: |

1. Hardware, software and informaﬁon gathering:

¢ Most current systems are reliant upon powerful computers

* They require users to be trained either by health professionals or
complex on-line programmers;

e Once users have been trained they must remember to implement the
internal physiological changes in their daily lives;

e The biofeedback sessions are rarely undertaken on a daily basis and not
in real time. This requires the user to remember specific events that occurred days
before and recall his exact emotional responses.

This invention utilizes portable,, cordless wearable sensors, which enable users
to monitor their emotional and physiological responses to events as they occur. These
results, gathered in real time, may be more effective and relevant to the user than those
recreated days later under completely different conditions. The sensors of the
invention utilize mobile phones to display the user’s physiology and emotional state.

2. Methodology:

The current method is to train users to modify the underlying physiology
related to negative behavior patterns for example,. to reduce muscular tension (EMG),
GSR, or electro-dermal activity (EDA) —the main purpose of which is to train users to
relax. However, although it is important to train users to relax, two other aspects
must also be taken into account for successful treatment:

¢ Enhancment of emotional health and training to be more positive,
enthusiastic and motivated. These states are not reflected in relaxation levels as
measured by GSR, EDA or EMG which can give false impressions. For example, a
user may display increased physical tension when experiencing positive emotions
such as excitement or enthusiasm. Similarly, low levels of physical tension may
not necessarily be a positive thing and could represent negative states such as

depression or boredom. One example was use of EDA for people suffering :
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IBS (irritable bowel syndrome). EDA was found to be very useful for people with
high anxiety suffering from diarrhea, but not for depressed people suffered from
constipation.

By utilizing two sensors simultaneously, a sensitive EDA sensor and a heart

rate monitor for HRV, and by analyzing the changes in specific situations, the system

of the invention may beused to monitor and train users not only to relax but also to
develop a positive state of mind.

Objective Emotional Monitor:

Another application of the present invention is to monitor emotional reactions
by using an objective scale. Although EDA is very sensitive there are disadvantages in
monitoring and analyzing emotional reactions using this method:

e EDA levels change between sessions and individuals because of
many variables unrelated to a user’s emotional state. Therefore EDA levels
can only be interpreted as a trend. That is, the user is becoming more
relaxed if his skin resistance is increasing above the level when the session
began. But the user cannot learn in an objective way how to control his
reactions and improve his physiology and performance. The sensor of the
invention allows monitoring and real time presentation of changes related
to thought and emotion and calculation of parameters that reflect how the
user is responding to specific trigger events. By integrating the analysis of
the change in the EDA and the Heart Rate and heart rate variability in real-
time a scale can be created to enable the user to learn how to improve and
monitor his reactions.

Figure 8 shows response to a stimulus (such as PTSD, bulling , phobia). The
parameters relating to the response include the amount of time it takes for the user to
return to the base line after the stimulus, the amount of time it takes to return to
baseline plus half arousal jump, the level of the arousal jump related to specific
triggers. By using.a mobile sensor, the user can continually monitor and improve his

reactions and performance. By adding multimedia instructions the system can be a real
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time coach for the user. By transmitting the data in real time using a mobile phone
user will be able:
o To get feedback from a sophisticated expert system on
a server almost in real time.
o torecord their reactions to specific situations during the
day
o To receive advice from an expert who can monitor
their reaction almost in real time.
~o to modify their reaction and implement this new
knowledge in their daily behavior while an expert (system or
professional caregiver) monitors them.

Integrating CBT and a wearable bio interactive sensor

Existing biofeedback systems use behavioral methods but do not include CBT
(Cognitive Behavioral Therapy) training. The system of the invention may integrate
computerized CBT, visualization with interactive sensors allowing users to learn not
only how to change their physiology but also modify their way of thinking and address
negative thought patterns.

New Methods of integrated CEBIT (Cognitive Emotional Behavioral

Interactive Therapy). Training utilizing an integrated sensor of the invention allows a
user to examine his belief system, his behavior, his unconscious thought processes,
emotional and cognitive reactions, and his physiology. It also trains the user to
monitor himself, to be aware, listen to his body, his emotions, and his external
reactions.

Performance improvement- by using the methods and systems of the invention,
and by monitoring their‘progress, users can learn not only how to modify their health
and feel better but also to improve their performance: e.g. exam anxiety, trading,
music and singing, sports, relationships, creativity, public speaking etc. The
interactive physiology monitoring of the invention can be combined with CBT, and
with realtime feedback from the user's performance, to train the user to achieve a

predetermined state. This can be applied also to relationships and to happiness lev -
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Survey and poles

According to another application of the invention, the system may be used to
record reactions of viewers to commercials in order to conduct viewer surveys.

Training session

Yet another aspect of the invention is to train a user by conducting a training

session involving exposing the user to stress inducing stimuli.

Fig. 8 shows a schematic chart of the stress level of a user following a stimulus
The stimulus maSl be, for example, a phobia caused by an image, for example a picture
of a spider to a user suffers from arachnophobia, ’a disturbing voice message or written
phrase. Stress induced by the stimuli may be measured by EDA reading, HR, or a
combination of few sensors readings.

In Fig. 8,, the stimulus is given at time ST. At time LT, stress level starts to rise
from the Initial Baseline Stress (IBS) after a short latency period in which the user’s
brain interprets the stimulus. Usually the stress climbs and reaches its Maximum
Stress (MS) level at Maximum Reaction Time (MRT), then recovers slowly to the IBS
or to a New Baseline Stress (NBS). '

Recovery Time (RT) may be defined as the time it takes for the stress level to
decrease from MS level to the Half maximum Stress (HS) at the Half Recovery Time
(HRT), i.e. RT = HRT — MRT,where HS is defined as: HS = (IBS+ MS)/2. In a
training session, the user observes his reactions and learns to minimize one or more of
MS, RT and NBS.

A training session may consist of analyzing HR, HRV and changes in EDA
using several methods SL}Ch as neural network software and or wavelet analysis, while
presenting to the user specific positive and negative triggers. For example images,
video or audio clips. Scenes such as of an accident may be used as negative triggers;
while relaxing triggers may be nature scenes. Training may be in a form of interactive
games in which the user can win and feel positive; frustrating games or challenges in

which the user looses and feels stressed; sexual clips etc;
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A “User psycho-physiological responses profile” (UPPP) may be created and
stored. Using this UPPP, the system can monitor and analyze the user response and

state of mind to both real life events (e.g. a meeting with someone, preparing for an

_exam, receiving a phone call, etc), and or interactive questionnaires, simulation of

specific scenarios, etc. These methods can be used for several purposes: to assess the
user responses and/or to train the user to improve his responses to specific triggers
(such as overcoming a phobia). The system can use the UPPP to drive games and
multimedia using the sensors and the user’s emotional reaction to drive and navigate
the games. ‘

The term “user” should be interpreted ;13 encompassing both a male and a
female individual, and also to a group of individuals. When there are several users,
each one can be monitored with his sensors, or some of them can share sensors, they
can either use the same display (for example connected with Bluetooth to the same PC
or mobile phone) or each one can have a separate device with their devices configured
to communicate with each other. It can also include a plurality users connected
through mobile phones or Internet to a center or TV station, watching and sharing one
or more images which are transmitted either as broadcast or internet etc to all the users
or some of them. In this mode the invention can be used as a new real-time TV show
game, or emotional poll, etc.

Entertainment system: Mind Activated Games for Interactive
Communication

According to another aspect of the invention, the system may be used for
entertainment by providing games and other forms of entertainment.

For example, a person may use the sensor module during a phone conversation
or Internet chat with peers. The sensor readings may automatically send SMS or
pictorial symbols indicating the user's state of mind and his reactions to the
conversation. This can be a basis for emotional based games and communication
between a group of users of mobile phones and/or internet and or TV games.

In another example, sensor readings may be used to control devices and

appliances such as a DVD or compute, for example, during computer games.
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sensor can be added to a remote control, and the content presented to the users can be
changed and unfold according to the state of mind of the users who are monitored by
the sensors. This can be a basis for a new interactive DVD (or any alternative direct

access digital media), for interactive movies, interactive sport, or interactive games, or

' psychological profiling.

Fig. 12 depicts an entertainment system 1200 according to one embodiment of
this aspect of the invention. In the system 1200, a sensor 1210 is in contact with a user
1201 and is used for monitoring the user’s physiological parameters. The Sensor 1210
is in communication with an entertainment system controller 1220, such as a remote
control of a DVD or video game device, through communication link 1212.
Communication link 1212 may be unidirectional or bi-directional. The entertainment
system controller 1220 comprises a transmitter 1226 for transmitting commands to the
entertainment system 1240 using communication link 1228. Link 1228 may be
unidirectional, for example, IR communication. Optionally, the system controller 1220
comprises of an input means such as keypad 1224. The sensor 1210 may directly
communicate with the entertainment system, and a cable may be used for
communicating physiological information or commands.

In accordance with this aspect of the invention, at least one parameter reflecting
a state of mind and or body of the players/users is obtained by monitoring one or more
parameters  indicative  of their physiological or psycho-physiological
reactions/conditions. The one or more parameters are transmitted to a system that
analyses the parameters and calculates one or more scores and uses the calculated
scores as input for a process in which audiovisual material (audio and/or visual) is
displayed on a screen and/or a physical object (such as remote controlled car) is
moved. The content of the audiovisual material, and/or some of the parameters of the
movement (e.g. the speed or direction of movement of the remote controlled car)
depend on the scores reflecting the state of the user’s mind and or body.

The scores, or some information which reflect results of changes in the state of
mind and or body of the user or users may be presented directly or indirectly either to

the same user / player that is being monitored by the sensor or to another user / pl-
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or to both of them. The users may use information relating to either their own scores /
results or the other players’ scores / results in order to win or change their reactions /
decisions or to guess the other user’s feelings or thoughts, or to influence the other

“user’s reactions, or the results of the games / interactive story/ remote controlled toy.

10

15

20

25°

30

Examples of games:

Battleship (submarines). In this a familiar game, two players try to guess
and find the location of the opponent player’s submarines/ships and
“destroy” them, (for example in a 10 by ten array of positions). The present
invention may be used to add a new aspect to the game. Before user A
“shoots"a torpedo to a specific location (the location “b-4”, for example) he
can ask the other player 3 questions (e.g. by words or by moving a mouse to
specific locations but not clicking it). The questions may be, for example
“Do you have submarine in location b-2 or b-4 or ¢-4?”. The user A can see
the reaction of the other player as reflected in one of his scores. The other
user can respond yes or not and can even lie (high arousal- high bar).User A
can use this information to assess where there is a submarine. Thus, a
psychological and “mind reading” dimension is added to a game.

a) A group of users, such as teenagers, with mobile phones can send
multimedia messages to each other and view pictures and/or a short video of
each other. Using this invention we add an emotional dimension to the
communication as follows. The scores of the emotional and/or state of mind
reaction are also transmitted to the other users, and these scores are used as
a basis for games and interactive communication, such as a truth or dare
game. The reaction (emotional scores) of a user is transmitted to one or
more other users. For example, the scores may be sent to a first user that
was the most “aroused” when he or she saw the picture and/or read an MMS
message from a particular second user. The first user then has to send a text
message to the second user revealing what the first user feels about the
second user. While the first user does this, the first user’s arousal level can

be watched by the second user and/or other users. Thus, either the “system”

1085



10

15

- 20

25

30

WO 2006/090371 PCT/IL2006/000230

-49 -

and or other users and/or the first user can see if the first user “loves” the
second user. In a simple version of this game, a user can see 10 pictures on
the screen of his mobile phone or PC  or game console and the system can
tell him, for example, who he loves, which number he has chosen, or which

card he has chosen.

b) Interactive “Tamaguchi” (an electronic pet or animation of a
person which the user has to "love" and take care). By incorporating the
features of the present invention to this toy, each time that the user is angry
and/or anxious, as indicated by the scores obtained from the results
monitored by the sensors, the Tamaguchi can feel it and react, be sad, angry,
or ill, etc. When the user is calm, relaxed and happy, the Tamaguchi reacts
in a positive way, e.g. by smiling, singing, playing, eating etc.

¢) In a more advanced version, a user can create a symbolic
animated version of himself (a “virtual me” or “Vime”) in a mobile phone,
,PC or game consol. The user and/or other individuals (that have received
permission/authority to interact with the user’s virtual personality), can
interact with this “Virtual me” using a mobile communication device or
Internet. An individual may play with the user’s virtual personality, for
example, by sending the Vime positive and/or negative messages such as
that the individual loves the Vime. The “conscious” message is transmitted
together with the individual’s State of Mind/emotional score and influences
the “virtual me”. This can be used as games and entertainment but also as
adding an emotional dimension and new way of communication and
playing, and even Viftﬁal “dating”.

d) Behavioral skills may be added to the version of the game
presented in c¢) such as how to react and with whom. This can create a
psychological/emotional/communication game/community creation. For
example, real or imaginary qualities can be added to the Vime and

descriptions (physical dimensions, hobbies, area of interest etc); behavioral
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rules (“if a girl with predetermined characteristics and predetermined
scores contacts me then send a predetermined response”). The Vime can
have several modes such as a “/ive” mode in which the user is connected,
an “offline” mode in which the Vime can communicate without the user, a
“receive only” mode, or a “sleep” mode.

¢) In another application, the sensors are used as amplifiers of
subconscious intuition responses, for example to provide real or fun
decision advice. While the user is connected to the sensors, he asks
questions and/or is asked questions by the phone, PC or DVD. By watching
his scores when he thinks and answers a specific question he can see what
his “intuition” advises him to do. The system may train the user to tune
himself to make a better decision by integration of his or her physiological
and psychological states, together with other methods such as logical
analysis, systematic planning, scoring etc. (i.e. “fo use his heart and his
brain” together, or to use his analytical mind with his intuition, to combine
his “gut feelings ” with “objective information™).

While the invention has been described with reference to certain exemplary
embodiments, various modifications will be readily apparent to and may be readily
accomplished by persons skilled in the art without departing from the spirit and scope
of the above teachings.

It should be understood that features and/or steps described with respect to one
embodiment may be used with other embodiments and that not all embodiments of the
invention have all of the features and/or steps shown in a particular figure or described
with respect to one of the embodiments. Variations of embodiments described will
occur to persons of the art.

It is noted that some of the above described embodiments may describe the best
mode contemplated by the inventors and therefore include structure, acts or details of
structures and acts that may not be essential to the invention and which are described
as examples. Structure and acts described herein are replaceable by equivalents which

perform the same function, even if the structure or acts are different, as known ir
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art. Therefore, the scope of the invention is limited only by the elements and
limitations as used in the claims. The terms ‘“comprise”, “include” and their

conjugates as used herein mean “include but are not necessarily limited to” .
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CLAIMS:

1. A system for monitoring one or more physiological parameters of a user

comprising:

(a) one or more wearable sensor modules sensing the one or more
physiological parameters;

(b) one or more transmitters wirelessly transmitting first signals
indicative of values of the one or more physiological parameters to a
mobile monitor; and

(c) “the mobile monitor, wherein the mobile monitor comprises:

a first processor processing the first signals received from the

transmitter in real time using expert knowledge; and

a device providing one or more indications of results of the

processing.

2. The system according to Claim 1 further comprising a remote server capable of

communication with said mobile monitor, the remote server receiving second

signals from the mobile monitor, the remote server associated with a viewing

station having a second processor, the remote server being configured to

perform at least one of the following:

(a)

(b)
©
(d)
()

transmitting the second signals to a viewing station for analysis, the
analysis ;

accessing historical data relating to the subject;

transmitting the historical data to the viewing station;

receiving from the viewing station results of the analysis;
transmitting the results of the analysis to the mobile unit; the analysis
being based upon the second signals, and one or more of the

historical data, expert knowledge and computerised protocols.

3. The system according to Claim 1 wherein at least one sensor module comprises

at least one sensor selected from the group comprising:

(@)
(b)

An electro dermal activity sensor;

An electrocardiogram sensor;
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(c) A plethysmograph; and

(d) A piezoelectric sensor.

4. The system according to Claim 1 comprising at least two sensors selected from

a group comprising:
(a) an electro dermal activity sensor;
(b)  an electrocardiogram sensor;
(c) aplethysmograph; and

(d) arespiration sensor.

. The system according to Claim lwherein the first signals are transmitted from a

sensor module to the mobile monitor by any one or more of the following

protocols:
(a) Bluetooth;
(by WiFi; and

(c) Wireless Lan;

. The system according to Claim 1 wherein said mobile monitor is selected from

the group comprising:
(a) a cellular phone;
(b)  apersonal digital assistant (PDA);
(©) a pocket PC;
(d) amobile audio digital player;
() aniPod,
® an electronic note-book;
(g) apersonal laptop computer;
(h) aDVD player;
@) a hand held video game with wireless communication; and
6)) mobile TV.

7. The system according to Claim 6 wherein the mobile unit is a cellular telephone

and communication between the mobile monitor and the remote server is over a

cellular communication network.
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8. The system according to Claim 1 wherein the mobile unit includes any one or
more of a visual display,} one or more speakers, a headphone, and a virtual
reality headset. ‘

9. A wearable sensor module for use in the system according to Claim 1.

10. The wearable sensor mosule according to Claim 9 comprising at least one
sensor selected from the group comprising:

()  An electro dermal activity sensor;
(b)  An electrocardiogram sensor;

(¢) “A plethysmograph; and

(d) A pizoomagnetic sensor.

11.The wearable sensor module according to Claim 10 comprising at least two

sensors selected from a group comprising:
(a) an electro dermal activity sensor;
(b)  an electrocardiogram sensor;
(¢) aplethysmograph; and
(d)  arespiration sensor.

12. The wearable sensor module according to Claim 10 comprising a transmitter

transmitting signals by any one or more of the following protocols:
(a) Bluetooth;
(b)  WiFi; and
(¢)  Wireless Lan;

13.The wearable sensor unit according to Claim 10 or 11 comprising an electro
dermal activity sensor adapted to monitor skin conductivities using at least a 16
bit A to D conversion without the need of manual calibration.

14.The sensor moduie according to Claim 10 or 11 comprising an EDA sensor
comprising:

(a)  atleast two electrodes adapted to be applied to a skin surface;
(b)  electronic circuitry for measuring a skin resistance across the

electrodes and calculating an EDA based upon the resistance using
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an algorithm in which the EDA does not depend linearly on the
resistance.

15. The sensor module accordirig to Claim 10 or 11 comprising a blood flow sensor
comprising:

(@)  alight source adapted to emit light towards a skin surface;

(b)  a light detector adapted to detecting light reflected from the skin
surface;

(¢)  electronic circuitry for measuring an intensity of the reflected light
-and controlling an intensity of said light source based upon the
intensity of the reflected light. ~

16. The sensor module according to Claim 14, wherein the electronic circuitry
capable of measuring skin resistance across the electrodes over a range of at
least from 50 K Ohm to 12 M Ohm.

17. The system according to Claim 1 wherein the first processor is configured to
calculated from the first signals one or both of a parameter indicative of an
arousal state of the user and a parameter indicative of an emotional state of the
user.

18.The system according to Claim 14 wherein calculation of the parameter
indicative of an arousal state of the user includes calculating a score of a
sympathetic and parasympathetic activity of the user using an algorithm based
on any one or more of the user's Electro Dermal activity, Heart Rate, EDA
variability, and HR variability.

19. The system according to Claim 14 wherein the first processor is configured to
calculate a parameter indicative of an arousal state of the user to display the
parameter indicative of an arousal state of the user on a display associated with
the mobile unit as a two -dimensional vector.

20. The system according to Claim 1 wherein the first processor is configured to
display on a display associated with the mobile monitor any one or more of the
following images: an image indicative of bio-feedback information relating to

the user; an image indicative of breathing activity of the user, an ir
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including a graph indicative of an EDA activity of the user, an image including
a graph indicative of a heart rate of the user, an image including a graph
indicative of a heart rate variability of the user; an image including a graph
indicative of an autocorrelation of a heart rate variability of the user; and an
image indicative of recommendation to improve the user's psycho-
physiological state based on one or both of the user's physiological data and
experts’ knowledge.
21.The system according to Claim 17 wherein an image indicative of breathing
activity includes a bar having a length indicative of the breathing activity.
22.The system according to Claim 17 wherein an image indicative of bio-feedback
information relating to the user includes one or more parameter target values.
23.The system according to Claim 1 wherein the first processor is configured to
calculate in a calculation based upon the first signals any one or more of the
following: a breathing rate of the user; and a heart rate variability of the user.
24.A system according to Claims 23 wherein the user's rate of breathing is
calculated and analysis by monitoring changes in the electrical capacitance of
the body while the user is breathing.
25.A method for monitoring one or more physiological parameters of a user
comprising:
(a) obtaining values of the physiological parameters of the user from one
or more wearable sensor modules;
(b)  wirelessly transmitting first signals indicative of values of the one or
more physiological parameters to a mobile monitor; and
(c) processing the first signals received from the transmitter in real time
using e;;pert knowledge; and
(d)  providing one or more indications of results of the processing to the
mobile unit.
26.The method according to Claim 25 wherein the results of the processing

includes bio-feedback information of the user.
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27.The method according to Claim 25 further comprising transmitting second
signals from the mobile monitor to a remote server having an associated
viewing station and providing an analysis of the second signals at the viewing
station.

28. The method according to Claim 27 wherein the viewing station includes one or
both of a remote call center and an interactive expert system.

29. The method according to Claim 25 wherein the processing includes calculating

~one or both of a parameter indicative of an arousal state and a parameter
indicative of an emotional state of the user.

30. The method according to Claim 29 wherein calculating a parameter indicative
of an emotional state of the user is based upon one or both of a sympathetic
activity and parasympathetic activity of the user.

31.The method according to claim 30 wherein calculating a parameter indicative
of an emotional state of the user is based upon any one or more of an electro
dermal activity, a heart rate, an electro dermal activity variability and a heart
rate variability.

32.The method according to Claim 29 further comprising the step of displaying on
a display associated with the mobile unit one or both of an image indicative of a
parameter indicative of an arousal state of the user; and an image indicative of a
parameter indicative of emotional state of the user.

33. The method according to Claims 32 wherein an image includes one or both of a
two-dimensional vector and a color indicative of a parameter.

34. The method according to Claim 25 for use in obtaining respiration information
selected from the group comprising duration of the inspiratory phase, and
duration of the exbiratory phase.

35. A method according to Claim 34 wherein respiratory information is obtained

from audio sounds produced during breathing or speaking.
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36. The method according to Claim 34 wherein respiratory information is obtained
by the user indicating the beginning of one or more inspiratory phases and the
beginning of one or more expiratory phases of the user's breathing.

37.The method according to Claim 34 wherein_a breathing rate of the user is
calculated based upon a heart rate variability of the user.

38.The method according to Claim 34 wherein the user's rate of breathing is
calculated based upon changes in an elecirical skin capacitance of the user
while the user is breathing.

39.The method according to Claim 34 further comprising training the user to
increase any one or more of the followings: a duration of the inspiratory phase,
a duration of the expiratory phase, and the ratio of the duration of the
inspiratory phase to the duration of the expiratory phase.

40. The method according to Claim 26, further comprising displaying on a display
associated with the mobile monitor an image indicative of bio-feedback
information, wherein the image includes any one or more of the following: an
image indicative of breathing activity, an image including a graph indicative of
EDA activity, an image including a graph indicative of heart rate, an image
including a graph indicative of heart rate variability and an image including a
graph indicative of an autocorrelation of heart rate variability.

41.The method according to Claim 27 wherein the analysis of the second signals
includes a recommendation for the user to improve a psycho physiological state
of the user.

42.The method according to Claim 41 further comprising displaying the
recommendation on a display associated with the mobile unit.

43. The method according to Claim 26 comprising displaying a target value for one
or more of the one or more obtained physiological parameters.

44.The method according to Claim 26 comprising displaying on a display
associated with the mobile unit a target value for one or more of the one or
more obtained physiological parameters.

45. The method according to Claim 26 comprising steps of:
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(a) challenging the user with one or more stimuli,
(b} monitoring one or more reactions of the user to said one or more
stimuli; '
(c) calculating, in a calculation based upon the one or more reactions, at
least one parameter selected from the group of: latency time of a
reaction, maximum reaction time, half recovery time, maximum
stress, and new baseline stress; and
(d) providing feedback to the user based on one or more of the
~calculated parameters.
46.The method according to Claim 25 for use in a method of self behaviour
modification comprising any one or more of the methods selected from the
group comprising:
(a) cognitive behavioural therapy (CBT);
(b)  visualisation;
(c) self hypnosis;
(d)  auto suggestion;
(¢) mindfulness;
® meditation;
(g) emotional intelligence skills;
(h)  psychological counselling provided over a communications network.
47.The method according to Claim 46 further comprising:
(a) providing the user with an interactive introduction about a specific
condition of the user;
(b)  providing the user interactive questionnaires for self assessment; and
(c) providiiigng the user with one or more interactive sessions selected
from the group comprising:
an interactive session for self training to implement cognitive
techniques;
interactive sessions for self training to implement behavioural therapy;

interactive sessions for self hypnosis;
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interactive sessions for visualisation;
interactive sessions for auto suggestions;
interactive training to acquire and implement life and interpersonal
relational skills;
5 interactive training to improve emotional intelligence skills;
interactive training to find purposes and goals; and
interactive training to plan steps in life.
48. The method according to Claim 47 wherein the user is provided with one or
more interactive sessions while the user is in a deep relaxation state.

10 49. The system according to Claim 1 further comprising an entertainment system
and wherein the first processor is configured to determine at least one
command based on the first signals and transmitting the at least one command
based to the entertainment system; and wherein the entertainment system
comprises a third processor configured to perform an action based upon the one

15 or more commands.

50. The system according to Claim 49 wherein the action comprises any one or
more of generating an SMS massage, controlling a DVD, controlling a
computer game, and controlling a "Tamaguchi” animation.

51. The system according to Claim 49 wherein the action comprises processing a

20 user reaction to any one or more of the following: a displayed animated image;
a video clip, an audio clip, a multimedia presentation, real-time communication
with another human, a question that the user has to answer, and a task that the

has to perform.
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(57) Abstract: The invention relates to a measuring device (1) for the non-invasive measurement of physiological parameters. Said
measuring device (1) is used to identify and localise illnesses, such as inflammations, tumour diseases or arteriosclerosis, during
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(57) Zusammenfassung: Die Erfindung betmfft eine Messvorrichtung (1) zur nicht invasiven Messung von physiologischen Pa

rametern Die Messvorrichtung (1) ist dazu geeignet, Erkrankungen, wie zum Beispiel Entziindungen, Tumorerkrankungen oder
Artertosklerose, im Wege der Selbstdiagnose zu erkennen und zu lokalisieren Die Erfindung schlagt eine Messvorrichtung (1) vor
mit wenigstens einer optischen Messeinheit (100) zur Erzeugung von oximetrischen und/oder plethysmographischen Messsigna

len, einer Auswertungseinheit (140) zur Verarbeitung der Messsignale, und mit einer Einheit (120, 130) zur Erfassung von lokalen
Gewebeparametern, wie Fettgehalt, Wassergehalt und/oder Durchblutung, wobei die Auswertungseinheit (140) eingerichtet ist zur
Bestimmung wenigstens eines lokalen metabolischen Parameters, insbesondere des lokalen Sauerstoffverbrauchs, aus den Signalen
der optischen Messeinheit und den Gewebeparametern Die Messvorrichtung (1) ermoglicht aulerdem die nicht invasive Bestim

mung der Glukosekonzentration
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Medizinische Messvorrichtun o

Die Erfindung betrifft eine Messvorrichtung zur nicht-invasiven Bestimmung von
physiologischen Parametern, mit wenigstens einer optischen Messeinheit zur
Erzeugung von oximetrischen und/oder plethysmographischen Messsignalen,
und mit einer Auswertungseinheit zur Verarbeitung der Messsignale.

Die Versorgung des Kdrpergewebes mit Sauerstoff gehdrt bekanntlich zu den
wichtigsten Vitalfunktionen des Menschen. Aus diesem Grund sind oximetrische
Diagnosemodalitdten heutzutage von groBer Bedeutung in der Medizin.
RoutinemaBig werden sogenannte  Pulsoximeter eingesetzt.  Derartige
Pulsoximeter umfassen typischerweise zwei Lichtquellen, die rotes bzw.
infrarotes Licht unterschiedlicher Wellenldnge in das K&rpergewebe einstrahlen.
Das Licht wird im Kd&rpergewebe gestreut und teilweise absorbiert. Das
gestreute Licht wird schlieBlich mittels eines Lichtsensors in Form einer
geeigneten Photozelle detektiert. Typischerweise verwenden kommerzielle
Pulsoximeter zum einen Licht im Wellenlangenbereich von 660 nm. In diesem
Bereich ist die Lichtabsorption von Oxihdmoglobin und Desoxihdmoglobin stark
unterschiedlich. Dementsprechend variiert die Intensitdt des mittels des
Photosensors detektierten, gestreuten Lichts in Abhangigkeit davon, wie stark
das untersuchte Koérpergewebe von sauerstoffreichem, bzw. sauerstoffarmem
Blut  durchblutet istt. Zum anderen wird Ublicherweise Licht im
Wellenlangenbereich von 810 nm verwendet. Diese Lichtwellenlange liegt im
sogenannten nahen infraroten Spektralbereich. Die Lichtabsorption von
Oxihamoglobin  und Desoxihamoglobin ist in diesem Spektralbereich im
Wesentlichen gleich. Die bekannten Pulsoximeter sind auBerdem in der Lage,
ein plethysmographisches Signal, d. h. ein Volumenpulssignal zu erzeugen, das
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die wahrend des Herzschlags veranderliche Blutmenge in dem von dem
Pulsoximeter erfassten Mikrogefaf3system wiedergibt (sog. Photoplethys-
mographie). Bei Verwendung unterschiedlicher Lichtwellenlangen in den oben
erwédhnten Spekiralbereichen kann aus der unterschiedlichen Lichtabsorption
auf den Sauerstoffgehalt des Blutes (Sauerstoffsattigung) zurlickgeschlossen
werden. Die Ublichen Pulsoximeter werden entweder an der Fingerspitze eines
Patienten oder auch am Ohrlappchen eingesetzt. Es wird dann das
Volumenpulssignal aus der Blutperfusion des MikrogefaBsystems in diesen
Bereichen des Korpergewebes erzeugt.

Aus der WO 00/69328 A1 ist ein besonders flexibel einsetzbares oximetrisches
Diagnosegerat bekannt. Dieses vorbekannte Gerat ist handfihrbar ausgebildet,
so dass es an beliebigen Messorten am menschlichen Ko&rper eingesetzt
werden kann. Das vorbekannte Gerat erlaubt gleichsam ein systematisches
Abtasten (,Scannen") des Korpers eines Patienten. Eine Fixierung des
Diagnosegerdtes - wie bei Ublichen Pulsoximetern - kann bei dem aus der
genannten Druckschrift bekannten Gerat entfallen.

Die genannte WO 00/69328 A1 spricht auBerdem die Ersetzbarkeit des
oximetrischen Diagnosegerates  zur  ortsaufgeldsten Erkennung  von
EntzGndungen, Tumoren und Arterioskleroseerkrankungen im hautoberflachen-
nahen Koérpergewebe eines Patienten an. Derartige Erkrankungen bewirken
eine Veranderung der Durchblutung des Koérpergewebes. Durch die
ortsaufgeldste oximetrische Abtastung des Korpers lassen sich mit dem
vorbekannten Gerat Veranderungen der Durchblutung, die auf eine
entsprechende Erkrankung hindeuten, erkennen und lokalisieren.

Das EKG (Elektrokardiogramm) dlrfte die am meisten eingesetzte
Untersuchungsmodalitdt zur Diagnose von Herz-Kreislauf-Erkrankungen sein.
Mittels eines EKG-Gerdtes werden mit zwei oder mehr EKG-Elektroden
elektrische Signale von dem Korper des =zu untersuchenden Patienten
abgeleitet. Das so gewonnene EKG gibt die bioelektrischen Spannungen, die
bei der Erregungsausbreitung und -rlckbildung am Herzen entstehen, wieder.
Das EKG enthalt =zahlreiche diagnostisch auswertbare Parameter. Zum
Zeitpunkt der Kontraktion des Herzmuskels wdhrend eines Herzschlags zeigt
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das EKG eine deutliche Spitze, die auch als R-Zacke bezeichnet wird. Weiterhin
enthalt das EKG die der R-Zacke vorangehende, so genannte P-Welle. Der
R-Zacke folgt wiederum die so genannte T-Welle. Die Minima im EKG
unmitteloar vor und unmittelbar nach der R-Zacke werden mit Q bzw. S
bezeichnet. Fir die Herz-Kreislauf-Diagnostik interessante Parameter sind die
Dauer der P-Welle sowie die Amplitude der P-Welle, die Dauer des
PQ-Intervalls, die Dauer des QRS-Komplexes, die Dauer des QT-Intervalls
sowie die Amplitude der T-Welle. Sowohl aus den Absolutwerten der genannten
Parameter wie auch aus den Verhélinissen der Parameter kann auf den
Gesundheitszustand des Herz-Kreislauf-Systems geschlossen  werden.
Vorrichtungen und Verfahren zur EKG-Messung sind beispielsweise aus den
Druckschriften US 6,331 ,162 oder US 4,960,126 vorbekannt.

Zur Bestimmung von weiteren physiologischen Parametern, wie z.B.
Korperfettgehalt, ist das Prinzip der bioelektrischen Impedanzmessung
beispielsweise aus der US 6,714,814 bekannt. Die Zusammensetzung des
Korpergewebes kann aber auch optisch bestimmt werden. Das Prinzip der
optischen Bestimmung des Korperfetigehalts  mittels  Infrarotlicht st
beispielsweise in der US 4,928,014 beschrieben.

Der vorliegenden Erfindung liegt die Aufgabe zugrunde, eine Vorrichtung zur
nicht-invasiven Bestimmung von physiologischen Parametern bereit zu stellen,
die gegentber dem Stand der Technik verbessert und hinsichtlich ihrer
Funktionalitat erweitert ist. Insbesondere soll ein Gerat geschaffen werden, das
eine moglichst zuverldssige Erkennung und Lokalisierung von Erkrankungen,
wie Entzindungen, Tumor- bzw. Krebserkrankungen (Hautkrebs, Melanome)
sowie GefaBerkrankungen, ermoglicht. AuBerdem soll optional die Mdéglichkeit
bestehen, mittels des Gerates die (kardiovaskulare) Fitness des Benutzers
einzuschatzen. Dabei soll das Gerat auch zur Selbstdiagnose genutzt werden
kdnnen.

Diese Aufgabe 16st die Erfindung ausgehend von einer Messvorrichtung der
eingangs angegebenen Art dadurch, dass die Auswertungseinheit eingerichtet
ist zur Bestimmung wenigstens eines lokalen metabolischen Parameters,
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insbesondere des lokalen Sauerstoffverbrauchs, aus den Signalen der
optischen Messeinheit.

Kerngedanke der Erfindung ist es, die mittels der optischen Messeinheit
gewonnenen oximetrischen und/oder plethysmographischen Messsignale
heranzuziehen, um nicht nur - wie z.B. bei den bekannten oximetrischen
Diagnosegerdten - die lokale Sauerstoffkonzentration am jeweiligen Messort,
sondern insbesondere auch den lokalen Sauerstoffverbrauch als wichtigen
Indikator flr die lokale metabolische Aktivitdt zu bestimmen. Erkrankungen
kbnnen mit der erfindungsgemafen Messvorrichtung anhand von

pathologischen Verdnderungen des Metabolismus erkannt und lokalisiert
werden.

GemaB einer bevorzugten Ausgestaltung weist die erfindungsgemafe
Messvorrichtung  zusatzlich eine Einheit zur Erfassung von lokalen
Gewebeparametern, wie Fettgehalt, Wassergehalt und/oder Durchblutung auf,
wobei die Auswertungseinheit in diesem Fall eingerichtet ist zur Bestimmung
des wenigstens einen lokalischen metabolischen Parameters aus den Signalen
der optischen Messeinheit und den Gewebeparametern.

Ein wichtiger lokaler Gewebeparameter im Sinne der Erfindung st
beispielsweise die Durchblutung. Damit sind die durchblutungsbedingten
Volumenschwankungen des untersuchten Ko&rpergewebes gemeint. Zur
Erfassung der Durchblutung kann die erfindungsgeméaBe Messvorrichtung
insofern mit einer Plethysmographieeinheit  herkdmmlicher Art (z. B.
Photoplethysmograph) ausgestattet sein. Somit kann die optische Messeinheit
der erfindungsgemaBen Messvorrichtung gleichzeitig zur Erfassung der lokalen
Gewebeparameter genutzt werden.

Die Erfindung basiert u. a. auf der Erkenntnis, dass durch die Kombination der
Erfassung von oximetrischen und plethysmographischen Signalen die
Moglichkeit erdffnet wird, lokale metabolische Parameter zu bestimmen.

Fir die Ermittlung des lokalen Sauerstoffverbrauchs sollte mittels der
erfindungsgemaBen Messvorrichtung zusétzlich zur oximetrisch bestimmten
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arteriellen Sauerstoffkonzentration auch die kapillare Sauerstoffkonzentration im
Gewebe bestimmt  werden  kdnnen. Hierzu muss  allerdings die
Zusammensetzung des  untersuchten Koérpergewebes bekannt  sein.
Entscheidende Parameter sind der lokale Fettgehalt und/oder der Wassergehalt
des Korpergewebes. Diese Parameter koénnen beispielsweise mittels
bioelektrischer Impedanzmessung erfasst werden. Gemaf einer sinnvollen
Ausgestaltung der Erfindung ist eine herkémmliche (optische) Oximetrieeinheit
mit einer bioelektrischen Impedanzmesseinheit in einem einzigen Gerat
kombiniert. Aus den mittels der bioelekirischen Impedanzmesseinheit
gewonnenen Messsignalen kann die Zusammensetzung des untersuchten
Koérpergewebes bestimmt werden. Auf dieser Grundlage kann dann aus den
oximetrischen Signalen mittels der Auswertungseinheit der Messvorrichtung die
kapillare Sauerstoffsattigung im Gewebe ermittelt werden.

Eine sinnvolle Weiterbildung der erfindungsgeméaBen Messvorrichtung sieht vor,
dass die bioelektrische Impedanzmesseinheit auBerdem zur Erfassung von
globalen Gewebeparametern, wie globaler Fettgehalt und/oder globaler Wasser—
gehalt, ausgebildet ist. Hierdurch wird die Funktionalitat der erfindungsgeméaBen
Messvorrichtung erweitert. Die bioelektrische Impedanzmesseinheit  der
erfindungsgeméaBen Messvorrichtung kann derart ausgestaltet sein, dass damit
sowohl lokale wie auch globale Gewebeparameter gemessen werden kdnnen.

Die Zusammensetzung des Koérpergewebes kann mit der erfindungsgemaBen
Messvorrichtung auch optisch bestimmt werden. Hierzu kann die Einheit zur
Erfassung von lokalen Gewebeparametern eine optische Strahlungsquelle und
einen Photosensor umfassen. Das Prinzip der optischen Bestimmung des
Kérperfettgehalts mittels Infrarotlicht ist aus dem Stand der Technik bekannt.

GemaB einer vorteilhaften Ausgestaltung umfasst die erfindungsgemaéie
Vorrichtung einen Warmesensor zur Bestimmung der lokalen Warmeproduktion,
wobei die Auswertungseinheit zur Bestimmung der lokalen metabolischen
Parameter unter Berlcksichtigung der Signale des Warmesensors eingerichtet
ist. Vorzugsweise ist mittels des Warmesensors eine orts-, zeit- und
tiefenaufgeloste  Warmemessung am Messort méglich. Anhand des
Warmeaustauschs kann auf die lokale Stoffwechselaktivitat zurlickgeschlossen
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werden. AuBerdem ist der Warmesensor zur Bestimmung der Ilokalen
Durchblutung geeignet. Beziiglich naherer Hintergrundinformationen  zur
Warmemessung wird auf die Verodffentlichung von Nitzan et al. verwiesen (Meir
Nitzan, Boris Khanokh, ,Infrared Radiometry of Thermally Insulated Skin for the
Assessment of Skin Blood Flow", Optical Engineering 33, 1994, No. 9, S. 2953
bis 2956). Insgesamt liefert der Wéarmesensor Daten, die mit Vorteil zur

Bestimmung von metabolischen Parametern im Sinne der Erfindung genutzt
werden koénnen.

Die arterielle  Sauerstoffsattigung (SaO,) und die vendse Sauerstoff-
Sattigung (SvO,) bestimmen abhéngig von der Art des untersuchten Gewebes
die kapillare (arterioventse) Sauerstoffsattigung (StO,). Es gilt:

K * SvO, + (1 - K) * Sa0, = StO,,

wobei K ein gewebeabhangiger Korrekturfaktor ist, der vom Volumenverhélinis
von Arterien zu Venen im untersuchten Gewebe abhangt. Im Mittel liegt dieser
Wert etwas unter 0,5. Der fir das jeweilige Gewebe maBgebliche Wert kann
gemal der Erfindung durch bioelektrische Impedanzmessung ermittelt werden,
um dann aus der obigen Formel die vendse Sauerstoffsattigung zu bestimmen.
Mittels Warmemessung und/oder bioelektrischer Impedanz (Impedanzplethys-
mographie) kann die Durchblutung V, d.h. die durchblutungsbedingte
Volumenschwankung des Gewebes bestimmt werden. Nach der Beziehung

VO, =V * (Sa0, - SvO,)

kann dann schlieBlich der lokale Sauerstoffverbrauch VO, berechnet werden,
der ein MafB fUr die metabolische Aktivitdt am Messort darstellt.

Des Weiteren kann die erfindungsgeméaBe Messvorrichtung einen optischen
Sensor zur ortsaufgeldésten Bestimmung des Hautkolorits umfassen. Auch
anhand von lokalen Verfarbungen der Haut kénnen Erkrankungen, wie zum
Beispiel Entzindungen, Melanome usw., detektiert werden.
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Durch eine zusétzliche EKG-Einheit zur Erfassung eines EKG-Signals Uber zwei
oder mehr EKG-Elektroden wird der Funktionsumfang der erfindungsgeméen
Messvorrichtung vorteilhaft erweitert. GemaB der Erfindung werden mittels der
Messvorrichtung plethysmographische Signale und EKG-Signale kombiniert
erfasst und ausgewertet. Die Auswertungseinheit der Messvorrichtung kann
dann mit Vorteil zur Auswertung des zeitlichen Verlaufs der Volumenpulssignale
und der EKG-Signale eingerichtet sein. Mittels einer geeigneten Programm-
steuerung ist die Auswertungseinheit der erfindungsgeméBen Messvorrichtung
dazu in der Lage, die R-Zacken in dem EKG-Signal automatisch zu erkennen.
Damit wird automatisch der exakie Zeitpunkt des Herzschlags ermittelt.
Weiterhin ist die Auswertungseinheit aufgrund ihrer Programmsteuerung dazu in
der Lage, die Maxima in dem Volumenpulssignal zu erkennen. Anhand der
Maxima in dem Volumenpulssignal ist der Zeitpunkt des Eintreffens einer bei
einem Herzschlag ausgeldsten Pulswelle an dem von der Messvorrichtung
erfassten peripheren Messort feststellbar. Somit kann schlieBlich der zeitliche
Abstand zwischen einer R-Zacke in dem EKG-Signal und dem darauf folgenden
Maximum in dem Volumenpulssignal ermittelt werden. Dieser zeitliche Abstand
ist ein MaB3 fir die so genannte Pulswellengeschwindigkeit. Auf der Basis der
Pulswellengeschwindigkeit kann einerseits eine Aussage Uber den Blutdruck
getroffen werden. Eine Verkirzung der Pulswellengeschwindigkeit geht n&dmlich
mit einer Erhdhung des Blutdrucks einher, wahrend eine Verlangerung der
Pulswellengeschwindigkeit auf eine Blutdruckerniedrigung schlieBen lasst. Eine
exakte Bestimmung des Blutdrucks aus der Pulswellengeschwindigkeit ist
allerdings nicht moéglich, es kdénnen nur Tendenzen angegeben werden.
Weiterhin ist die Pulswellengeschwindigkeit von der Dichte des Blutes und
insbesondere von der Elastizitdt der BlutgetfaBwandungen (beispielsweise der
Aorta) abhangig. Aus der Elastizitdt der Blutgefaf3e kann wiederum auf eine ggf.
vorliegende Arteriosklerose geschlossen werden. Es kdnnen in diese
Auswertung auch die Absolutwerte der Herzfrequenz, die Herzfrequenz-
Variabilitat und entsprechende Arrhythmien des Herzens einbezogen werden.
So kénnen automatisch Arrhythmien wie Sinus Tachycardia, Sinus Bradycardia,
Sinus Arrest und so genannte Escape Beats festgestellt werden. Anhand des
EKG-Signals kénnen auBerdem Aussagen UuUber die zeitliche Dauer der
Vorhofkontraktion des Herzens bei einem Herzschlag, die zeitliche Dauer der
Herzkammerkontraktion sowie die Dauer der Relaxation der Herzkammer usw.
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festgestellt werden. AuBerdem sind Vordiagnosen bezlglich so genannter
Blocks in der Leitung der elekirischen Erregungssignale am Herzen (AV-Block,
Blndle Branch-Block usw.) und auch bezlglich Durchblutungsstérungen oder
Infarkten méglich. Weitere Irregularititen im Pulsverlauf sind anhand des
Volumenpulssignals feststellbar.

Durch die Kombination der Auswertung des EKG-Signals und des Volumen-—
pulssignals bei der automatischen Auswertung ist die erfindungsgemaie
Messvorrichtung zur funktionalen Bewertung des GefaBsystems des Patienten
selbsttatig in der Lage. Auf der Grundlage der automatisch ausgewerteten
Signale kann die erfindungsgeméafBe Vorrichtung den (globalen) kardiovas-
kuldren Zustand oder allgemein die Fitness des Benutzers grob einschatzen und
bei Anzeichen einer Arteriosklerose oder sonstiger Herz-Kreislauf-Probleme ein
entsprechendes Warnsignal oder einen leicht interpretierbaren Fitness- oder
Risikoindikator fir den Benutzer der Vorrichtung erzeugen. Somit kann die
erfindungsgemaBe Messvorrichtung vorteilhaft zur Selbstdiagnose von Herz-
Kreislauf-Erkrankungen verwendet werden.

Besonders vorteilhaft ist die erfindungsgemaBe Kombination der vorgenannten
Messverfahren, namlich der Oximetrie, der bioelektrischen Impedanzmessung
und der Warmemessung. Mittels der Auswertungseinheit der Vorrichtung
kdnnen samiliche Messsignale ausgewertet werden, um daraus die arterielle,
die kapillare und die vendse Sauerstoffsattigung und daraus wiederum die
lokale Stoffwechselaktivitdt zu bestimmen. Dadurch wird eine hohe Effektivitat
und Zuverl&ssigkeit bei der Erkennung und Lokalisierung von pathologischen
Veranderungen erreicht. Diese wird durch zusatzliche Berlcksichtigung des
lokalen Hautkolorits noch verbessert. Die zusatzliche EKG-Messung erlaubt, wie
oben ausgeflhrt, Aussagen bezlglich des Status des Herz-Kreislauf-Systems
des Benutzers. Samtliche Parameter kénnen mit Vorteil zu einem globalen
Index zusammengefasst werden, der fir den Benutzer leicht interpretierbar ist
und ihm einen direkten und fundierten Hinweis auf seinen allgemeinen
Gesundheitszustand gibt.

Die = Kombination der verschiedenen Messverfahren, die in der
erfindungsgeméfBen Messvorrichtung, wie oben beschrieben, zusammengefasst
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sind, ist weiterhin vorteilhaft, weil dadurch eine nicht-invasive Messung der
Glukosekonzentration mdéglich ist, wie im Folgenden erldutert wird:

Die erfindungsgemaBe Messvorrichtung dient zur Messung und zur Auswertung
von Daten, die durch den Stoffwechsel beeinflusst werden. Es leuchtet
unmittelbar ein, dass dabei der Energiehaushalt und die Zusammensetzung der
von einem Benutzer der Messvorrichtung aufgenommenen Nahrung eine grof3e
Rolle spielen. Die Nahrstoffe, die am Stoffwechsel beteiligt sind, sind
bekanntlich im Wesentlichen Kohlenhydrate, Fette und Eiwei3e. Kohlenhydrate
werden zur weiteren Verarbeitung in Glukose, Eiwei3e in Aminosauren, und
Fette in Fettsduren umgewandelt. Die Energietrdger werden dann wiederum in
den Zellen des Korpergewebes zusammen mit Sauerstoff unter Abgabe von
Energie zu ATP (Adenosintriphosphorsdure) umgewandelt. ATP ist der
eigentliche kdrpereigene Energietrdger. Die Verwendung von Glukose zur
Erzeugung von ATP ist bevorzugt. Wenn die Erzeugung von ATP aus Glukose
jedoch (z. B. wegen eines Mangels an Insulin) gehemmt ist, findet stattdessen
eine verstarkte Fettsdure-Oxidation statt. Der Sauerstoffverbrauch ist bei diesem
Prozess allerdings ein anderer.

Die Reaktion des Metabolismus des menschlichen Koérpers auf eine
Nahrungsaufnahme hangt, wie zuvor erwahnt, von der Zusammensetzung der
Nahrung charakteristisch ab. So reagiert beispielsweise das vaskuldare System
des Korpers in Abhangigkeit davon, wie viel Energie der Korper zur Verdauung
der aufgenommenen Speisen bendtigt. Anhand der mittels der erfindungs—
gemaRBen Messvorrichtung bestimmbaren Pulswellengeschwindigkeit sowie
auch anhand der Blutdruckamplitude und des Pulses lasst sich die Reaktion des
Kdérpers auf die Nahrungsaufnahme bestimmen. Hierzu ist zweckmaBigerweise
die Auswertungseinheit der erfindungsgemaBen Messvorrichtung zur
Auswertung des zeitlichen Verlaufs der Pulswellengeschwindigkeit und zur
Ermittlung der Zusammensetzung von einem Benutzer der Messvorrichtung
aufgenommener Nahrung anhand des zeitlichen Verlaufs der Pulswellen-
geschwindigkeit ab dem Zeitpunkt der Nahrungsaufnahme eingerichtet. Die
Pulswellengeschwindigkeit, sowie auch die Blutdruckamplitude und der Puls
andern sich, sobald die Nahrungsaufnahme beginnt. Die Maxima und die
jeweiligen  Zeitpunkte der Maxima sind dabei beeinflusst durch die
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Nahrungszusammensetzung. Der Verlauf und die absolute Héhe von
Pulswellengeschwindigkeit, Blutdruckamplitude  und Puls kdnnen herangezogen
werden, um  mittels der  Auswertungseinheit der  erfindungsgeméafien
Messvorrichtung die Zusammensetzung der aufgenommenen Nahrung zu
bestimmen.

Der Metabolismus des menschlichen Koérpers ist im Normalzustand, d.h. in
Ruhe und in der so genannten thermoneutralen Zone, im Wesentlichen durch
den Glukosehaushalt bestimmt. Daher kann die Glukosekonzentration in den
Zellen des Korpergewebes in diesen Normalzustand als reine Funktion der
Warmeproduktion  und des Sauerstoffverbrauchs  beschrieben werden. Es gilt:

[Glu] =f1(AT,VO,),

wobei [Glu] fir die Glukosekonzentration steht. Die Warmeproduktion AT kann
mittels des Warmesensors der erfindungsgeméfien Messvorrichtung  z.B. aus
der Differenz zwischen der arteriellen Temperatur und der Temperatur, welche
die Hautoberflache bei perfekter thermischer Isolierung  erreichen  wirde,
bestimmt werden (AT = T«.-Tnene)- fi (AT, VO2) gibt die funktionale Abhangigkeit
der Glukosekonzentration von der Warmeproduktion und vom Sauerstoff—
verbrauch an. Der Sauerstoffverbrauch ergibt sich, wie oben beschrieben, aus
dem Unterschied zwischen vendser und arterieller Sauerstoffsattigung und der
Durchblutung. Zur Bestimmung der Glukosekonzentration wahrend bzw. direkt
nach der Nahrungsaufnahme muss jedoch ein Korrekturtherm  berilicksichtigt
werden, der den Anteil des Fettstoffwechsels am Energiehaushalt wiedergibt. Es
gilt dann:

[Glu] = f4(AT,VO,) + X * ,(AT, VO,)

X ist ein Faktor, der nach der Nahrungsaufnahme negativ ist. Dabei h&ngt X von
der Zusammensetzung der aufgenommenen  Nahrung ab. Insbesondere ist X
davon  abhangig, in  welchem  Verhéltnis Fett und Kohlenhydrate am
Metabolismus  beteiligt sind. Der Faktor X lasst sich, wie oben beschrieben,
anhand des zeitlichen Verlaufs der Pulswellengeschwindigkeit bestimmen. X ist
0, wenn reine Kohlenhydrate oder direkt Glukose aufgenommen werden. Der
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Betrag von X steigt an, je groBer der Anteil von Fett an der aufgenommenen
Nahrung ist. Zur Bestimmung des Korrekturfaktors X aus dem zeitlichen Verlauf
der Pulswellengeschwindigkeit, der Blutdruckamplitude und/oder des Pulses
wird normalerweise eine Eichung der erfindungsgemaBen Messvorrichtung zur
Anpassung an den jeweiligen Benutzer der Vorrichtung erforderlich sein.
f, (AT, VO,) gibt fir den Fetistoffwechsel die funktionale Abhéangigkeit der
Glukosekonzentration von der Warmeproduktion und vom Sauerstoffverbrauch
an.

Die Auswertungseinheit der erfindungsgemaBen Messvorrichtung kann somit
zur Bestimmung der Ilokalen Glukosekonzentration aus dem lokalen
Sauerstoffverbrauch und der lokalen Warmeproduktion eingerichtet sein. Hierzu
muss die Messvorrichtung die geeigneten Messmodalititen aufweisen. Die
Ermittlung des Sauerstoffverbrauchs, kann, wie oben erlautert, durch die
Kombination der Oximetrie mit der bioelekirischen Impedanzmessung erfolgen.
Zur Ermittlung der Warmeproduktion ist dann noch zusatzlich ein geeigneter
Warmesensor erforderlich. Um schlieB3lich die Glukosekonzentration nach dem
oben angegebenen funktionalen Zusammenhang berechnen zu kdénnen, muss
noch der Korrekturfaktor X, beispielsweise aus dem zeitlichen Verlauf der
Pulswellengeschwindigkeit, ermittelt werden. Dies kann, wie ebenfalls oben
erlautert, durch kombinierte Messung von EKG-Signalen und plethys—
mographischen Signalen erfolgen. Zur Bestimmung der Glukosekonzentration
sind also zweckmaBigerweise in der erfindungsgemaBen Messvorrichtung ein
Pulsoximeter, eine EKG-Einheit, eine bioelektrische Impedanzmesseinheit
sowie ein Warmesensor kombiniert.

Die zuvor skizzierte Methode erlaubt zunachst nur eine Bestimmung der
intrazellularen Glukosekonzentration. Mit der Blutglukosekonzentration besteht
vereinfacht der folgende Zusammenhang:

[Glu]zeiie = a + b ¥ In (¢ * [Glu]BiUt)

Die Konstanten a, b und ¢ ha&ngen von der individuellen Physiologie des
Benutzers der Messvorrichtung ab. Somit kann die Auswertungseinheit der
erfindungsgemanten Messvorrichtung weiterhin eingerichtet sein  zur
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Bestimmung des Blutglukosespiegels aus der lokalen Glukosekonzentration,
wobei von der Physiologie des Benutzers der Messvorrichtung abhangige
Parameter berlcksichtigt werden miUissen. Diese Parameter kdnnen durch
entsprechende Eichung bestimmt werden, beispielsweise durch Vergleich mit in
herkdbmmlicher weise invasiv bestimmten Blutglukosewerten.

Die erfindungsgemaBe Vorrichtung kann weiterhin eine Datenilbertragungs-
schnittstelle umfassen zur Ubertragung der mittels der Auswertungseinheit
ermittelten Parameter an einen Personalcomputer (des Arztes), beispielsweise
Uber das Internet, oder an ein anderes Geréat. Hierbei kann es sich um eine
Ubliche drahtgebundene oder auch um eine drahtlose Schnittstelle
(beispielsweise nach dem DECT-, GSM-, UMTS- oder Bluetooth-Standard)
handeln. Eine DatenUbertragung Uber Infrarotdatenkommunikation oder
Ultraschall ist ebenfalls denkbar.

Eine besonders sinnvolle Ausgestaltung der erfindungsgemaBen Messvor-
richtung ergibt sich, wenn diese eine Speichereinheit zur Speicherung der
mittels der Auswertungseinheit ermittelten Parameter aufweist. Mittels der
Speichereinheit kdénnen einerseits der Verlauf einer Erkrankung und
andererseits die Effekte einer entsprechenden Therapie verfolgt und
dokumentiert werden. Andererseits kénnen die in der Speichereinheit
abgespeicherten Daten vom behandelnden Arzt ausgelesen und ausgewertet
werden, um eine detaillierte Zustandsdiagnostik durch den Arzt zu ermdéglichen.
Sinnvoll ist es weiterhin, wenn die erfindungsgemaBe Vorrichtung eine
Diagnoseeinheit zur Bewertung der mittels der Auswertungseinheit ermittelten
Parameter und zur Registrierung von Veranderungen der Parameter in
Abhéangigkeit vom Messort und von der Messzeit aufweist. Demgeman hat die
erfindungsgeméaBe Vorrichtung einen modularen Aufbau. Die Auswertungs-
einheit ist lediglich dafir zustdndig, die erfassten Signale auszuwerten, um
daraus die fir die Diagnostik erforderlichen Parameter in der oben
beschriebenen Art und Weise zu bestimmen. Diese Parameter werden dann von
der Diagnoseeinheit weiter verarbeitet, um daraus RUckschlisse bezlglich
etwaiger Erkrankungen zu ziehen. Die Diagnoseeinheit ist auch daflr zustandig,
insbesondere bei Verwendung der Messvorrichtung zur Selbstdiagnose durch
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einen Benutzer, das Vorliegen einer Erkrankung automatisch zu erkennen und
gegebenenfalls ein entsprechendes Warnsignal fir den Benutzer zu erzeugen.

Sinnvollerweise ist also die Diagnoseeinheit der erfindungsgemaBen Mess—
vorrichtung zur Bestimmung des Status des Herz-Kreislauf-Systems aus den
mittels der Auswertungseinheit ermittelten Parametern eingerichtet. Gemani
einer besonders vorteilhaften Ausgestaltung der Erfindung ist die Diagnose-
einheit auBerdem zur Berechnung eines globalen Fitnessindex auf der Basis
des Status des Herz-Kreislauf-Systems und den (mittels bioelektrischer
Impedanzmessung erfassten) globalen Gewebeparametern eingerichtet. Somit
kdnnen die globalen Gewebeparameter genutzt werden, um den globalen
Fitnessindex zu erhalten, der besonders aufschlussreich Auskunft Uber den
momentanen Gesundheitszustand des Benutzers gibt. Zur Bestimmung des
globalen Fitnessindex koénnen sdmtliche erfassten Messwerte des Benutzers
einbezogen werden. Gegebenenfalls wird eine Mittelung Uber einen
vorgebbaren Zeitraum durchgefihrt. Neben den kardiovaskularen Messwerten
und den globalen Gewebeparametern (globaler  Fettgehalt, globaler
Wassergehalt) kdénnen auch die lokalen Gewebeparameter sowie die lokalen
metabolischen Parameter (z. B. lokaler Sauerstoffverbrauch) mit berlicksichtigt
werden. Das Ergebnis ist dann der globale Fitnessindex als einzelner Wert, der
fir den Benutzer der Messvorrichtung besonders einfach interpretierbar ist.

Zumindest die optische Messeinheit der erfindungsgemafBen Messvorrichtung
arbeitet auf der Basis von optischen Messverfahren. Aus diesem Grund sollte
die Vorrichtung wenigstens eine Strahlungsquelle zur Bestrahlung des
untersuchten  Kbérpergewebes mit elektromagnetischer Strahlung, und
wenigstens  einen  Strahlungssensor  zur Bestimmung der von dem
Kdérpergewebe  gestreuten  und/oder transmittierten  elekiromagnetischen
Strahlung aufweisen. Als Strahlungsquelle kommen Ubliche Leuchtdioden oder
auch Laserdioden in Frage, die optische Strahlung, d.h. Licht im
entsprechenden Spektralbereich emittieren. Als besonders vorteilhaft hat es sich
erwiesen, wenn mit der erfindungsgemaBen Vorrichtung die Strahlungs—
absorption im untersuchten Koérpergewebe bei mindestens drei unterschied-
lichen Lichtwellenlangen gemessen wird, um daraus die Sauerstoffkonzentration
des Blutes und die Durchblutung des Gewebes zu bestimmen.
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GemalB einer sinnvollen Ausgestaltung weist die optische Messeinheit der
erfindungsgemaBen Messvorrichtung wenigstens zwei Strahlungssensoren zur
Detektion der von dem Kd&rpergewebe gestreuten und/oder transmittierten
Strahlung auf, wobei die Strahlungssensoren in unterschiedlichem Abstand zur
Strahlungsquelle angeordnet sind. Dies erdffnet die Mdglichkeit, Rickschllisse
auf die jeweils im Korpergewebe von der Strahlung zurlckgelegte Strecke zu
ziehen. Auf dieser Basis kann die Sauerstoffkonzentration im Blut und im
Gewebe in unterschiedlich tiefen Gewebeschichten untersucht werden. Dabei
kann ausgenutzt werden, dass die Messsignale aus den tiefer liegenden
Gewebeschichten starker vom arteriellen Blut beeinflusst sind, wahrend in den
oberflachenndheren Regionen die Strahlungsabsorption starker von dem Blut im
kapillaren GefaBsystem beeinflusst ist.

Vorteilhaft ist eine Ausgestaltung der erfindungsgemaBen Messvorrichtung, bei
welcher wenigstens zwei Strahlungsquellen vorgesehen sind, welche unter-
schiedliche Volumenbereiche des untersuchten Kborpergewebes bestrahlen.
Hierdurch Ilasst sich eine differenzielle Messung der Lichtabsorption einfach
realisieren. Dies ermdglicht es, Metabolismus-induzierte ~Anderungen der
Durchblutung des untersuchten Kérpergewebes mit sauerstoffreichem bzw.
sauerstoffarmem Blut zu untersuchen. Dabei wird ausgenutzt, dass sich in
Abhangigkeit von der metabolischen Aktivitdt des Gewebes der lokale
Sauerstoffverbrauch verdndert. Die Bestimmung des verdnderlichen Sauerstoff-
verbrauchs erlaubt wiederum RuUckschlisse auf den lokalen Energieverbrauch,
der mit dem Sauerstoffverbrauch direkt korreliert ist. Besonders interessant ist,
dass dies wiederum Rulckschlisse auf den Glukosespiegel =zuldsst. Somit
erlaubt die erfindungsgeméBe Messvorrichtung vorteilhafterweise auch eine
nicht-invasive Bestimmung des Blutglukosespiegels.

Die zwei Strahlungsquellen der optischen Messeinheit der erfindungsgemaBen
Messvorrichtung sollten so ausgelegt sein, dass die von diesen jeweils
bestrahlten Volumenbereiche hinsichtlich der Durchblutung mit sauerstoffarmem
bzw. sauerstoffreichem Blut unterschiedlich betroffen sind. Dies kann z.B.
dadurch erreicht werden, dass die wenigstens zwei Strahlungsquellen
unterschiedliche rdumliche Abstrahlcharakteristiken haben. So kbénnen als
Strahlungsquellen z. B. eine Leuchtdiode und ein Laser verwendet werden, die
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ahnliche Wellenlangen (z. B. 630 nm und 650 nm) haben. Die beiden
Strahlungsquellen unterscheiden sich aber durch den Offnungswinkel der
Abstrahlung. Wahrend z.B. die Leuchtdiode unter einem groBen Offnungs-
winkel in das untersuchte Ko&rpergewebe einstrahlt, tritt das Licht der Laserdiode
unter einem sehr kleinen Offnungswinkel in das Kérpergewebe ein. Dies hat zur
Folge, dass mit den beiden Strahlungsquellen unterschiedliche Volumen—
bereiche des Kdrpergewebes erfasst werden. Aufgrund des groB3en
Offnungswinkels wird von der Leuchtdiode ein gréBerer Volumenbereich der
nicht-durchbluteten Epidermis erfasst als von dem Laser. Die undurchblutete
Epidermis ist von einer Anderung der Hamoglobinkonzentration praktisch nicht
betroffen. Dementsprechend ist die Intensitdt der von dem Koérpergewebe
gestreuten und/oder transmittierten Strahlung der Leuchtdiode weniger stark
von einer Anderung der Hamoglobinkonzentration abhéngig als die Intensitat
der Strahlung des Lasers. Voraussetzung ist, dass die Wellenldange der von den
beiden Strahlungsquellen jeweils emittierten Strahlung so gewahlt wird, dass die
Strahlung unterschiedlich stark durch Oxih&moglobin bzw. Desoxihdmoglobin
absorbiert wird. Die Wellenldange sollte daher zwischen 600 und 700 nm,
vorzugsweise zwischen 630 und 650 nm liegen.

Die Auswertungseinheit der erfindungsgeméBen Messvorrichtung kann mit
Vorteil zur Bestimmung des wenigstens einen lokalen metabolischen
Parameters aus der von dem Kdrpergewebe gestreuten und/oder transmittierten
Strahlung der beiden Strahlungsquellen ausgebildet sein. Wenn in dem
untersuchten Kdrpergewebe Sauerstoff verbraucht wird, wird Oxih&dmoglobin in
Desoxihamoglobin umgewandelt. Durch einen Vergleich der aus den unter-
schiedlichen Volumenbereichen des Kdérpergewebes stammenden Strahlung der
beiden Strahlungsquellen kann die Anderung des Konzentrationsverhéltnisses
von Oxihdmoglobin und Desoxihdmoglobin festgestellt werden. Hieraus ergibt
sich wiederum der lokale Sauerstoffverbrauch und daraus letztlich der
Blutglukosespiegel. Somit ist die Auswertungseinheit der erfindungsgeméaten
Messvorrichtung sinnvollerweise eingerichtet zur Bestimmung des Iokalen
Sauerstoffverbrauchs und/oder des Blutglukosespiegels anhand der Intensitdten

der von dem Kd&rpergewebe gestreuten und/oder transmittierten Strahlung der
beiden Strahlungsquellen.

1132



10

15

20

25

30

WO 2007/017266 PCT/EP2006/007877

16

GemafB einer besonders vorteilhaften  Ausgestaltung sind  samtliche
Komponenten der erfindungsgemalBen Messvorrichtung in einem gemeinsamen
Gehause angeordnet. Dabei weist die Vorrichtung an einem Ende des
Gehauses einen Messkopf mit den bendétigten Messsensoren auf. Auf diese
Weise ist die Messvorrichtung handfihrbar und kann, entweder vom Benutzer
selbst oder vom behandelnden Arzt, genutzt werden, um den gesamten Koérper
systematisch auf krankhafte Verdnderungen hin zu untersuchen. In das
Gehause sollte eine Anzeigeeinheit integriert sein, mittels welcher die lokale
Sauerstoffkonzentration des Blutes und/oder die gemdB der Erfindung
ermittelten lokalen metabolischen Parameter fir den Arzt oder den Benutzer
anzeigbar sind.

Der Messkopf der erfindungsgeméaBen Messvorrichtung umfasst sinnvollerweise
wenigstens eine optische Strahlungsquelle und wenigstens zwei Sensoren, die
in unterschiedlichem Abstand zur Strahlungsquelle an dem Messkopf
angeordnet sind. Mittels der Strahlungsquelle wird Licht bei verschiedenen
Lichtwellenlangen erzeugt. Mittels der Sensoren wird die vom untersuchten
Koérpergewebe zurlickgestreute Strahlung gemessen, um aus der Strahlungs—
absorption auf die Sauerstoffkonzentration zurlickzuschlieBen. Die in unter-
schiedlichem Abstand zur Strahlungsquelle angeordneten Sensoren erlauben
es, - wie oben erlautert - die Strahlungsabsorption in unterschiedlich tiefen
Gewebeschichten zu untersuchen. Dies ermdéglicht es, die Sauerstoff-
konzentration im Gewebe von der arteriellen Sauerstoffkonzentration zu
unterscheiden.

Weiterhin kann der Messkopf der erfindungsgemédBen  Messvorrichtung
Elektroden zur bioelektrischen Impedanzmessung und zur EKG-Messung
umfassen. FuUr eine Zweipunktmessung kann eine weitere EKG-Elekirode in das
Gehause der Messvorrichtung integriert sein. Diese weitere EKG-Elektrode
kann gleichzeitig zur bioelektrischen Impedanzmessung, namlich zur Messung
von globalen Gewebeparametern, wie globaler Fetigehalt und/oder globaler
Wassergehalt, genutzt werden. Die Anordnung der Elekiroden ist zweck-
maBigerweise so gewahlt, dass eine bioelekirische Impedanzmessung von
einem Arm des Benutzers zum anderen Arm mdglich ist. AuBerdem kann in den
Messkopf wenigstens ein Warmesensor zur Bestimmung der Uber die Haut-
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Oberflache abgegebenen Warme integriert sein. Besonders praktisch ist es,
wenn bei der erfindungsgeméfBen Messvorrichtung die fir die verschiedenen
Messverfahren (Oximetrie, bioelektrische Impedanzmessung, Warmemessung,
EKG, Messung des Hautkolorits) bendtigten Messsensoren in einem einzigen
Messkopf zusammengefasst sind. Durch diese Ausgestaltung des Messkopfes
ist sichergestellt, dass sa&miliche Messwerte gleichzeitig an dem jeweils
interessierenden Messort erfasst werden.

Die erfindungsgeméaBe Messvorrichtung kann miniaturisiert ausgebildet sein und
kann in einen am Korper eines Benutzers getragenen Gegenstand, wie
beispielsweise eine Armbanduhr, ein Brillengestell oder auch ein Kleidungs-
stiick, integriert sein. Es ist dann eine kontinuierliche Uberwachung des
Gesundheitszustands mdglich.

Die Erfindung betrifft weiterhin ein Verfahren zur Erfassung und Auswertung von
physiologischen Parametern, wobei

- mittels einer optischen Messeinheit oximetrische und/oder
plethysmographische Messsignale von Ko&rpergewebe erfasst
werden,

- und mittels einer Auswertungseinheit die oximetrischen und
plethysmographischen Messsignale verarbeitet werden, und zwar
zur Bestimmung des Pulses und/oder der lokalen Sauerstoff-
konzentration.

Die der Erfindung zugrunde liegende Aufgabe wird bei einem solchen Verfahren
dadurch gel6ést, dass mittels der Auswertungseinheit wenigstens ein lokaler
metabolischer Parameter, insbesondere der Iokale Sauerstoffverbrauch, aus
den oximetrischen Signalen bestimmt wird.

Sinnvollerweise werden  zusatzlich lokale Gewebeparameter, wie
Fettgehalt, Wassergehalt und/oder Durchblutung, erfasst, wobei der wenigstens
eine lokale metabolische Parameter aus den oximetrischen Signalen und den
lokalen Gewebeparametern bestimmt wird. Die lokalen Gewebeparameter
kdnnen  mittels  bioelektrischer Impedanzmessung, optisch  oder mittels
Warmemessung erfasst werden. Sinnvoll ist es, zusatzlich die Erfassung eines
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EKG-Signals durchzufihren. Mittels der Auswertungseinheit kann ein
kardiovaskularer Parameter aus den plethysmographischen Messsignalen und
dem EKG-Signal bestimmt werden. Besonders sinnvoll ist es, wie oben
ausgefthrt, wenn zusétzlich globale Gewebeparameter, wie Fettgehalt und/oder
Wassergehalt, erfasst werden. Es kann dann basierend auf dem mittels der
Auswertungseinheit gewonnenen kardiovaskul&ren Parameter und den globalen
Gewebeparametern ein globaler Fitnessindex berechnet werden. Bei einer
besonders vorteilhaften Variante des erfindungsgemaBen Verfahrens werden
mittels der optischen Messeinheit unterschiedliche Volumenbereiche des
untersuchten Korpergewebes bestrahlt, wobei - wie oben beschrieben - der
wenigstens eine lokale metabolische Parameter aus der von dem
Kérpergewebe in den unterschiedlichen Volumenbereichen gestreuten und/oder
transmittierten Strahlung bestimmt wird. Hierzu kann die optische Messeinheit
wenigstens  zwei  Strahlungsquellen  mit  unterschiedlichen raumlichen
Abstrahlcharakteristiken umfassen, wobei der Iokale Sauerstoffverbrauch
und/oder der Blutglukosespiegel anhand der Intensititen der von dem
Korpergewebe gestreuten und/oder transmittierten Strahlung der beiden
Strahlungsquellen bestimmt werden. die lokalen Gewebeparameter mittels
ortsaufgeldster Warmemessung erfasst werden.

AuBerdem kann bei dem erfindungsgemaBen Verfahren die lokale zelluldre
Glukosekonzentration aus dem lokalen Sauerstoffverbrauch und der lokalen
Waérmeproduktion bestimmt werden. Die Bestimmung der lokalen
Glukosekonzentration sollte - wie oben erlautert - unter Einbeziehung von
Daten Dbetreffend die Zusammensetzung von einem Benutzer der
Messvorrichtung aufgenommener Nahrung erfolgen. Zur Bestimmung des
Blutglukosespiegel aus der lokalen Glukosekonzentration ist es zweckméaBig,
von der Physiologie des Benutzers der Messvorrichtung abhangige Parameter
zu bertcksichtigen.

Ausflhrungsbeispiele der Erfindung werden im Folgenden unter Bezugnahme
auf die Zeichnungen né&her erldutert. Es zeigen:
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Figur 1 schematische  Ansicht der erfindungs—
geméaBen Messvorrichtung mit vergréBer—
ter Darstellung des Messkopfes;

Figur 2 Darstellung der erfindungsgemaBen Vor-
richtung anhand eines Blockdiagramms;

Figur 3 Blockdiagramm-Darstellung der Oximetrie-
einheit der erfindungsgemafien Mess—
vorrichtung;

Figur 4 Blockdiagramm-Darstellung  der Warme-
messeinheit;

Figur 5 Blockdiagramm-Darstellung der Impedanz—-
messeinheit der Messvorrichtung;

Figur 6 Blockdiagramm-Darstellung der EKG-Ein-
heit der Messvorrichtung;

Figur 7 Darstellung der Signalauswertung mittels
der erfindungsgemaBen Messvorrichtung;

Figur 8 schematische Darstellung einer alterna—
tiven Anordnung von Strahlungsquellen,
Strahlungssensoren und Elekiroden zur
bioelektrischen Impedanzmessung bei der
erfindungsgemanBen Messvorrichtung;

Figur 9 Illustration einer Realisierungsmdglichkeit
einer erfindungsgemaBen Messvorrichtung
mit zwei Strahlungsquellen.

In der Figur 1 ist die erfindungsgemaBe Messvorrichtung insgesamt mit der
Bezugsziffer 1 bezeichnet. Samtliche Komponenten der Vorrichtung sind in
einem gemeinsamen Gehause 2 untergebracht, so dass das Gerat per Hand an
beliebigen Messorten am Kdérper eines Benutzers zum Einsatz gebracht werden
kann. Am vorderen Ende des Gehauses 2 ist ein Messkopf 3 angeordnet, in den
die verschiedenen Messsensoren der Vorrichtung 1 integriert sind. Diese
werden bei der Verwendung der Messvorrichtung 1 auf die Hautoberfliche des
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Benutzers am Messort aufgesetzt. Der Messkopf umfasst eine zentral
angeordnete Leuchtdiode 4, die dazu in der Lage ist, Licht bei verschiedenen
Wellenldngen zu emittieren. Hierzu kénnen beispielsweise verschiedene
lichtemittierende Halbleiterelemente in einem gemeinsamen Gehause der
Leuchtdiode 4 untergebracht sein. Ebenso denkbar ist die Verwendung von
Lichtwellenleitern, um das Licht von verschiedenen Lichtquellen an die
Unterseite des Messkopfes 3 zu fuhren. Des Weiteren umfasst der Messkopf 3
insgesamt sechs Photosensoren 5, die in unterschiedlichem Abstand zu der
Lichtquelle 4 angeordnet sind. Zwei der Photosensoren 5 sind direkt neben der
Lichtquelle 4 angeordnet. Zwei weitere Sensoren 5 befinden sich in einem
mittleren Abstand von der Lichtquelle 4, wédhrend die zwei verbleibenden
Sensoren 5 in maximalem Abstand zur Lichtquelle 4 angeordnet sind. Die
unmittelbar neben der Lichtquelle 4 angeordneten Sensoren 5 empfangen
hauptsachlich das an den oberen Hautschichten des Benutzers gestreute Licht.
Demgegentber sind die weiter von der Lichtquelle 4 entfernten Sensoren 5
geeignet, die Lichtabsorption in tieferen Gewebeschichten zu messen. Weiterhin
ist unmittelbar neben der Lichtquelle 4 ein Wé&rmesensor 6 vorgesehen.
Dadurch ist gewahrleistet, dass die Bestimmung der Durchblutung anhand der
Warmemessung am selben Messort erfolgt wie die optische Messung. AuBen
am Messkopf 3 sind vier Elekiroden 7 zur Messung der lokalen bioelektrischen
Impedanz vorgesehen. Die Elektroden sind jeweils zweigeteilt und bestehen aus
zwei voneinander elektrisch isolierten, separaten Kontaktflachen. Dabei dient
jeweils eine der beiden Kontaktflichen zur Aufprdgung eines elekirischen
Stromes am Messort, wahrend die andere Kontaktfliche zur Spannungs-
messung genutzt wird. Auf diese Weise wird sichergestellt, dass die
Messergebnisse nicht von den Kontakiwiderstdnden der Messelekiroden
beeinflusst sind. Die vier Elektroden 7 k&énnen bei der bioelektrischen
Impedanzmessung in verschiedenen Kombinationen genutzt werden, um
dadurch die Zuverlassigkeit des Messergebnisses zu optimieren. Zumindest
eine der Elektroden 7 wird auBBerdem als EKG-Elektrode einer EKG-Einheit der
Messvorrichtung 1 verwendet. In das Gehause 2 der Messvorrichtung 1 ist ein
LCD-Display 8 als Anzeigeeinheit integriert. Das LCD-Display 8 dient zur
Anzeige der lokalen Sauerstoffkonzentration des Blutes. Dabei werden separat
die arterielle (SaO,), die kapillare (StO,) und die vendse (SvO,) Sauerstoff-
Sattigung angezeigt. Angezeigt wird weiterhin die ermittelte Herzfrequenz (HR),
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der lokal bestimmte Fettgehalt des Gewebes (BF). SchlieBlich wird noch ein
Blutglukosewert (BG) angezeigt. AuBerdem ist am Gehduse 2 ein Ein-
/Ausschalter 9 angeordnet, der in Ublicher Weise zur Aktivierung bzw. zur
Deaktivierung des Gerates dient. Die Betatigungsflache des Ein-/Ausschalters 9
bildet auBerdem die Kontakiflache einer weiteren EKG-Elekirode, sodass eine
einfache Zweipunktableitung des EKG-Signals des Benutzers der Vorrichtung
erfolgen kann. Uber die Kontaktflaiche ist auBerdem eine Arm-zu-Arm-Messung
von globalen Gewebeparametern, wie globaler Fettgehalt und/oder globaler
Wassergehalt, durch bioelektrische Impedanzmessung mdglich.

Die Figur2 zeigt schematisch den Aufbau der erfindungsgeméaBen
Messvorrichtung als Blockdiagramm. Die Vorrichtung 1 umfasst eine optische
Messeinheit 100 zur optischen Messung der Sauerstoffkonzentration im
BlutgefaBsystem des Koérpergewebes am jeweiligen Messort. Die mittels der
optischen Messeinheit 100 erfassten oximetrischen und plethysmographische
Signale werden einer Analyseeinheit 110 zugefuhrt. Eine weitere wesentliche
Komponente der Vorrichtung 1 ist eine Warmemesseinheit 120 zur Bestimmung
der lokalen Warmeproduktion. Bei der Warmemesseinheit 120 handelt es sich
um einen speziellen Warmesensor, welcher die jeweils untersuchte Korperstelle
isoliert. Diese Stelle kann somit nur noch Warme durch den Blutstrom
aufnehmen oder abgeben. Daher ist es mdglich, durch die zeitaufgeldste
Messung der Temperatur die Durchblutung und die Warmeproduktion zu
bestimmen. Bei einer starken Durchblutung erreicht die untersuchte Korperstelle
in sehr kurzer Zeit ihre maximale Temperatur. Bei geringer Durchblutung dauert
dies langer. Zusétzlich kann Uber die Extrapolation der gemessenen Temperatur
auf die arterielle Temperatur geschlossen werden, da die Temperatur am Ort
der Messung nur durch die arterielle Temperatur und durch die lokale

" Warmeproduktion bestimmt wird. Auch die mittels der Warmemesseinheit 120

erfassten Messsignale werden der Analyseeinheit 110 zur Weiterverarbeitung
zugefthrt. AuBerdem umfasst die Messvorrichtung 1  eine Impedanz-
messeinheit 130, die zur Erfassung von lokalen Gewebeparametern mittels
bioelektrischer Impedanzmessung dient. Die Messsignale der Impedanz—
messeinheit 130 werden ebenfalls mittels der Analyseeinheit 110 verarbeitet.
SchlieBlich ist geméaB der Erfindung noch eine EKG-Einheit 132 zur Erfassung
eines EKG-Signals vorgesehen. Auch die EKG-Einheit 132 ist zur Verarbeitung
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der EKG-Signale mit der Analyseeinheit 110 verbunden. Der optischen
Messeinheit 100 sind die Lichtquelle 4 sowie die Lichtsensoren 5 des in der
Figur 1 dargestellten Messkopfes 3 zugeordnet. Die Warmemesseinheit 120 ist
mit dem Warmesensor 6 verbunden. Die Impedanzmesseinheit 130 erfasst
Messsignale Uber die Elektroden 7 des Messkopfes 3. Die Analyseeinheit 110
fahrt eine Vorverarbeitung samtlicher Messsignale durch. Hierzu durchlaufen die
Signale ein Bandpass-Filter, um Stérungen im Bereich der Netzfrequenz von 50
bzw. 60 Hz herauszufiltern. Des Weiteren werden die Signale einer
Rauschunterdrickung unterzogen. Nach Passieren der Analyseeinheit 110
gelangen die aufbereiteten Signale der optischen Messeinheit 100, der Warme-
messeinheit 120, der Impedanz-Messeinheit 130 und der EKG-Einheit 132 in
eine Auswertungseinheit 140. Die Auswertungseinheit 140 ist dafir zustandig,
aus den Messsignalen die fur die Diagnose wesentlichen Parameter zu
berechnen. Aus den zeitabhd&ngig aufgenommenen Messsignalen der
Impedanzmesseinheit 130 wird zundchst die Zusammensetzung des
untersuchten Korpergewebes (Wassergehalt, Fettgehalt usw.) berechnet. Aus
den Signalen der optischen Messeinheit 100 wird die arterielle Sauerstoff-
sattigung und - unter Zugrundelegung der zuvor auf der Basis der Impedanz-
messung ermittelten Gewebeparameter - die kapillare Sauerstoffsattigung
berechnet. Weiterhin werden aus den Messsignalen der Warmemesseinheit 120
und aus den plethysmographischen Daten, die aus der zeitabhangigen
Impedanzmessung  ableitbar sind, die Durchblutung und die arterielle
Temperatur bestimmt. Aus den Signalen der EKG-Einheit 132 und denjenigen
der optischen Messeinheit 100 wird die Pulswellengeschwindigkeit bestimmt.
SchlieBlich werden mittels der Auswertungseinheit 140 aus den Ergebnissen
samtlicher zuvor durchgeflhrter Berechnungen die vendse Sauerstoffsattigung,
und daraus weitere metabolische Parameter, insbesondere der Ilokale
Sauerstoffverbrauch und die Glukosekonzentration am Messort berechnet. Die
Berechnungsergebnisse werden mittels einer Diagnoseeinheit 150 interpretiert.
Die Diagnoseeinheit 150 dient zur Bewertung der mittels der Auswertungs—
einheit 140 berechneten lokalen metabolischen Parameter. Die Auswertungs—
einheit 140 und die Diagnoseeinheit 150 sind zur Anzeige der Messresultate mit
einer Grafikeinheit 160 verbunden, die ihrerseits die Anzeigeeinheit 8 der
Messvorrichtung 1  ansteuert. Die gewonnenen Daten sind in einer
Speichereinheit 170 speicherbar, und zwar unter gleichzeitiger Speicherung des
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Datums wund der Uhrzeit der jeweiligen Messung. AuBerdem ist eine
Schnittstelleneinheit 180 vorgesehen, die zur Verbindung der Messvorrichtung 1
mit einem Computer oder einem anderen Kommunikationsgerat dient. Uber die
Schnittstelleneinheit 180 kdnnen samtliche Daten und Parameter, insbesondere
auch die in der Speichereinheit 170 gespeicherten Daten und Parameter, an
einen nicht ndher dargestellten PC eines behandelnden Arztes Ubertragen
werden. Dort kénnen die Daten detaillierter analysiert werden. Insbesondere
kdnnen Uber einen langeren Zeitraum mit der Vorrichtung 1 aufgenommene
Daten und Parameter auf Veranderungen hin untersucht werden, um daraus
Schlussfolgerungen hinsichtlich der Entwicklung einer bestehenden Erkrankung
ableiten zu kdénnen. AuBerdem besteht die Mdglichkeit, die erfindungsgemalie
Messvorrichtung 1 als bloBe Messdatenerfassungs- und -sendeeinheit zu
benutzen, wobei die aufgenommenen Signale direkt an den PC des Arztes
Ubertragen werden. Mittels des PCs kénnen die entsprechenden Auswertungen
und Berechnungen dann gegebenenfalls schneller und komfortabler durch-
gefuhrt werden.

Die Figur 3 illustriert den Aufbau der optischen Messeinheit 100 der
erfindungsgeméaBen Vorrichtung 1. Die optische Messeinheit 100 umfasst einen
Mikrokontroller 190. Bestandteil des Mikrokontrollers 190 ist ein Timing-
Generator 200. Dieser erzeugt Steuerungssignale, die einer Modulations—
einheit 210 zugeflhrt werden. Dadurch wird die zeitliche Modulation der
Lichtemission der Leuchtdiode 4 gesteuert. Die Leuchtdiode 4 ist Uber eine
Regelungseinheit 220 mit der Modulationseinheit 210 verbunden. Die Intensitat
des von der Leuchtdiode 4 emittierten Lichtes ist aufBBerdem UGber eine
Leistungssteuerungseinheit 230 anpassbar. Die Leuchtdiode 4 ist dazu in der
Lage, Licht bei zumindest drei verschiedenen Wellenldngen zu emittieren.
Hierzu sind verschiedene Licht emittierende Halbleiterbauelemente in einem
einzigen Gehause der Leuchtdiode 4 vereinigt. Mittels des Timing-
Generators 200 wird die zeitliche Abfolge der Lichtemission bei den
verschiedenen Lichtwellenlangen gesteuert. Die in den Messkopf 3 der
Vorrichtung 1 integrierten Photosensoren 5 sind ebenso wie die Leuchtdiode 4
mit dem in der Figur 3 schematisch angedeuteten K&érpergewebe 240 des
Benutzers in Kontakt. In dem Koérpergewebe 240 wird das Licht der Leucht—
diode 4 gestreut und entsprechend der Sauerstoffkonzentration des Blutes, das
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das Gewebe 240 durchstromt, absorbiert. Das gestreute Licht wird von den
Photosensoren 5 registriert. Der Photostrom jedes Photosensors 5 wird mittels
eines Konverters 250 in eine Spannung umgewandelt, mittels eines
Verstarkers 260 verstarkt und mittels eines Analog/Digital-Wandlers 270 in
digitale Messsignale umgewandelt. Die Digitalsignale werden sodann einem
Demodulator 280 zugefuhrt, der Bestandteil des Mikrokontrollers 190 ist. Der
Demodulator 280 separiert die aufgenommenen Messsignale nach den
entsprechenden Lichtwellenlangen und nach den unterschiedlichen
Entfernungen zwischen den Photosensoren 5 und der Leuchtdiode 4.
SchlieB3lich werden die Signale an die Analyseeinheit 110 weitergegeben.

Anhand der Figur 4 wird der Aufbau der Warmemesseinheit 120 der erfindungs—
gemaBen Messvorrichtung erlautert. Der Warmesensor 6, der mit dem
Kérpergewebe 240 in BerUhrung ist, weist mehrere nicht naher dargestellte
Temperaturmesselemente sowie ein warmeleitendes Element auf. Sobald der
Sensor 6 mit dem Gewebe 240 in Kontakt kommt, beginnt ein Warmeaustausch.
Mittels der Temperaturmesselemente wird die Temperatur an verschiedenen
Stellen an dem wéarmeleitenden Element des Sensors 6 gemessen. Hieraus
kann die in dem Gewebe 240 lokal produzierte Warme (orts-, zeit- und
tiefenaufgeldst) bestimmt werden. Die mittels der Temperaturmesselemente
erfassten Signale durchlaufen einen Impedanzwandler 290 sowie einen
Verstarker 292 und werden mittels eines Analog/Digital-Wandlers 300
digitalisiert. Die digitalen Messsignale werden sodann der Analyseeinheit 110
zur weiteren Verarbeitung zugefihrt. Ein geeigneter Warmesensor 6 ist
beispielsweise in der Verdffentlichung von Ok Kyung Cho et al. (Ok Kyung Cho,
Yoon Ok Kim, Hiroshi Mitsumaki, Katsuhiko Kuwa, "Noninvasive Measurement
of Glucose by Metabolie Heat Conformation Method", Clinical Chemistry 50,
2004, Nr. 10, S. 1894 bis 1898) beschrieben.

In der Figur 5 ist der Aufbau der Impedanzmesseinheit 130 der erfindungs—
gemaBen Messvorrichtung 1 dargestellt. Die Impedanzmesseinheit 130 umfasst
mehrere Elektroden 7. Uber Kontaktflaichen T wird dem untersuchten Korper—
gewebe 240 ein Wechselstrom aufgepragt, der mittels einer Stromquelle 310
erzeugt wird. Die Stromquelle 310 wird von einem Sinusgenerator 320
angesteuert. Die Frequenz des Wechselstroms variiert zwischen 20 kHz und
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100 kHz. Uber Kontakiflichen 7" wird eine Spannung als Messsignal am
Koérpergewebe 240 abgegriffen. Aus dem Verhaltnis der gemessenen Spannung
zu dem aufgepragten Strom kann auf die lokale Impedanz des Korper—
gewebes 240 zurlickgeschlossen werden. Hierzu wird die Spannung mittels
eines Verstarkers 330 verstdrkt und mittels eines Filters 340 gefiltert, um
Stérsignale zu eliminieren. Wiederum erfolgt eine Digitalisierung mittels eines
Analog/Digital-Wandlers 350. Die digitalisierten Messwerte werden wiederum
der Analyseeinheit 110 zur weiteren Verarbeitung zugefihrt.

Anhand der Figur 6 wird der Aufbau der EKG-Einheit 132 der erfindungs-
gemédBen Messvorrichtung veranschaulicht. Die EKG-Einheit 132 erfasst ein
EKG-Signal Uber EKG-Elektroden T bzw. 7". Es sind dies die Elekiroden der
Impedanzmesseinheit 130. Die Elekiroden 7' und 7" haben also bei dem
dargestellten Ausfihrungsbeispiel eine Doppelfunktion. Fir eine brauchbare
Zweipunktableitung des EKG-Signals ist eine weitere EKG-Elektrode 9
erforderlich, die in ausreichender rdumlicher Entfernung von den Elektroden T
und 7" mit dem Korper des Benutzers in Kontakt kommt. Die EKG-Elekirode 9
bildet bei dem Ausfihrungsbeispiel gleichzeitig die Bedienflache des Ein-/Aus-
schalters der Messvorrichtung 1. Somit sind samtliche Elektroden in die
Messvorrichtung 1 integriert. Separate, z.B. Uber Kabel angeschlossene
Elektroden sind (flUr eine einfache Zweipunktableitung des EKG-Signals) nicht
zwingend erforderlich. Statt der Bedienfliche des Schalters der Mess—
vorrichtung 1 kann ebenso gut eine zusatzliche Elekirode am Gehause 2 der
Messvorrichtung 1 angeordnet werden. Das abgeleitete EKG-Signal wird mittels
Verstarker 360 und Filter 370 aufbereitet. Nach Passieren eines weiteren
Analog/Digital-Wandlers 380 wird das Signal an die Analyseeinheit 110
weitergegeben.

Der Figur 7 ist die Vorgehensweise bei der Ermittlung der physiologischen
Parameter gemaB der Erfindung zu entnehmen. Von der optischen Mess—
einheit 100 werden mittels Pulsoximetrie ein arterieller Sauerstoffsattigungs-
wert 390, mittels Photoplethysmographie ein Volumenpulssignal 400, und
mittels  Reflexions-/Absorptionsmessung ein  Hautkoloritwert 410 geliefert.
AuBerdem liefert die optische Messeinheit 100 einen Differenzwert 420
zwischen  systolischem  und diastolischem  Volumenpuls. Mittels  der
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Wéarmemesseinheit 120 wird die Durchblutung 430 ermittelt. Gleichzeitig kann
die Durchblutung 430 auch mittels der optischen Messeinheit 100 gewonnen
werden. Die Signale der Impedanzmesseinheit 130 ergeben die lokalen
Gewebeparameter 440 und ebenfalls den Volumenpuls 400. Die EKG-Ein-
heit 132 liefert Daten 460 Uber etwaige Arrhythmien und Uber die Reizleitung am
Herzmuskel. AuBerdem ist das eigentliche EKG-Signal 470 mit den Zeitpunkten
der Herzaktivitadten verfligbar. Auf der Basis der Gewebeparameter 440 und der
arteriellen Sauerstoffsattigung 390 wird die kapillare, d.h. die arteriovendse
Sauerstoffsdttigung 480 ermittelt. Daraus wird dann wiederum  unter
Einbeziehung der Gewebeparameter 440 die vendse Sauerstoffsdttigung 490
bestimmt. Aus den Herzschlagzeitpunkien 470 und dem zeitlichen Verlauf der
Volumenpulssignale 400 lasst sich die Pulswellengeschwindigkeit 500 ermitteln.
Aus diesen Daten kann - wie oben im Einzelnen erldutert - die intrazellulare
Glukosekonzentration des Benutzers bestimmt werden. In die Berechnung der
Glukosekonzentration wird der lokale Sauerstoffverbrauch 510 einbezogen, der
sich aus der Durchblutung 430, der arteriellen Sauerstoffséttigung 390 und der
vendsen Sauerstoffsattigung 490 ergibt. Einbezogen wird auBerdem die mittels
der Warmemesseinheit 120 ermittelte lokale Warmeproduktion. Zusatzlich kann
ein kardiovaskuldrer Index aus den Arrhythmien 460, der Pulswellen-
geschwindigkeit 500 und der Differenz zwischen systolischem und diastolischem
Volumenpuls 420 ermittelt werden. Hierbei kénnen weiterhin der Koloritwert 410
und der Korperfettgehalt 440 einbezogen werden.

In der Figur 8 ist eine alternative Sensoranordnung der erfindungsgemaBen
Messvorrichtung dargestellt. Ahnlich der Darstellung in der Figur 1 zeigt die
Figur 8 eine Ansicht der mit der Haut des Benutzers der Vorrichtung in Kontakt
zu bringenden Oberflache des Messkopfes. Die Darstellung in der Figur 8 ist
stark vergroBert. Die von den Sensorelementen beanspruchte Flache kann nur
etwa 0,5 bis 2 cm? betragen.

Bei dem in der Figur 8 dargestellten Ausflhrungsbeispiel sind zwei Strahlungs-
quellen 4 und 4' vorgesehen, welche unterschiedliche Volumenbereiche des
untersuchten Kérpergewebes bestrahlen. Hierzu haben die zwei Strahlungs—
guellen 4 und 47 unterschiedliche raumliche Abstrahicharakteristiken, namlich
unterschiedliche Abstrahlwinkel. Bei der Strahlungsquelle 4 handelt es sich um
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eine Leuchtdiode, wihrend es sich bei der Strahlungsquelle 4'um einen Laser,
beispielsweise einen so genannten VCSEL-Laser (engl. "vertical cavity surface
emitting laser") handelt. Sowohl die Leuchtdiode 4 als auch der Laser 4!
emittieren Licht mit sehr &hnlicher Wellenldnge (z. B. 630 nm und 650 nm), aber
mit unterschiedlichen Offnungswinkeln (z. B. 25° und 55°). Mit der in der Figur 8
dargestellten Anordnung ist - wie oben beschrieben - eine differenzielle
Messung von Metabolismus-induzierten Anderungen des Sauerstoffgehalts im
Blut méglich. Hierzu muss die Wellenldnge der von den beiden Strahlungs—
quellen 4 und 4' jeweils emittierten Strahlung in einem Bereich liegen, in
welchem das Licht von Oxihdmoglobin und Desoxihamoglobin unterschiedlich
stark absorbiert wird. Fir eine Absolutmessung des Sauerstoffgehalts des
Blutes (Sauerstoffsattigung) muissen weitere Strahlungsquellen (in der Figur 8
nicht dargestellt) vorhanden sein, deren Lichtwellenldange in einem Spektral-
bereich liegt, in welchem die Lichtabsorption von Oxihamoglobin und
Desoxihdmoglobin im Wesentlichen gleich ist (so genannter isobektischer
Punkt). Das von der Leuchtdiode bzw. von dem Laser emittierte Licht kann
mittels entsprechender Lichtleitfasern an die entsprechende Stelle am Messkopf
gefthrt werden. In diesem Fall sind mit den Bezugsziffern 4 und 4' in der Figur 8
die entsprechenden Faserenden dargestellt. Es ist mdglich, die Leuchtdiode und
den Laser so an die entsprechenden Fasern anzukoppeln, dass sie mit dem
gewilinschten unterschiedlichen Offnungswinkel in das zu untersuchende
Koérpergewebe einstrahlen. Dementsprechend werden mit beiden Strahlungs—
quellen unterschiedliche Volumina des Ko&rpergewebes untersucht. Aufgrund
des gréBeren Offnungswinkels ist der Anteil der nicht-durchbluteten Epidermis
an dem mittels der Leuchtdiode untersuchten Koérpergewebe gréBer als beim
Laser. Das im Kérpergewebe gestreute und teilweise absorbierte Licht sowohl
der Strahlungsquelle 4 als auch der Strahlungsquelle 4' wird mittels &quidistant
zueinander angeordneten Strahlungssensoren 5 detektiert. Hierbei kann es sich
um Fotodioden handeln. Vorzugsweise sind die Fotodioden nicht direkt an der
Oberflache des Messkopfes angeordnet. Stattdessen wird das Licht Uber
Lichtleitfasern den Fotodioden zugefUhrt. Zur Unterscheidung des Lichtes der
Strahlungsquelle 4 von dem Licht der Strahlungsquelle 4' kdnnen die beiden
Lichtquellen 4 und 4" unterschiedlich zeitlich moduliert betrieben werden, wobei
die mittels der Sensoren 5 detektierten Signale entsprechend demoduliert
werden. Alternativ ist es mdglich, die Strahlung der beiden Strahlungsquellen 4
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und 4' anhand der unterschiedlichen Wellenlange =zu unterscheiden. Die
Strahlungsintensitdat der von den Strahlungsquellen 4 und 4' emittierten
Strahlung wird mit der Weglange beim Durchgang durch das Kdrpergewebe
geschwacht, wobei der Zusammenhang der Intensitdtsschwachung mit der
Konzentration der absorbierenden Substanz (oxigeniertes Hamoglobin) durch
das bekannte Lambert-Beersche Gesetz gegeben ist. Mittels der in der Figur 8
dargestellten aquidistanten Sensoren 5 kdnnen die interessierenden Parameter
der Intensitatsschwachung mit groBer Genauigkeit bestimmt werden, und zwar
getrennt fir die von den Strahlungsquellen 4 und 4' jeweils erfassten
Volumenbereiche des untersuchten Kd&rpergewebes. Die den verschiedenen
Strahlungsquellen 4 und 4' zuzuordnenden Parameter der Intensitats—
schwéchung kdnnen mittels der Auswertungseinheit der erfindungsgemafien
Messvorrichtung zueinander in Beziehung gesetzt werden, um auf diese Weise
eine differenzielle Messung durchzufihren. Im einfachsten Fall werden aus den
Parametern der Intensitdtsschwéchung der Strahlung der beiden Strahlungs—
quellen 4 und 4' jeweils Quotienten berechnet. Aus Anderungen dieser
Quotienten kann dann auf Anderungen im Metabolismus zuriickgeschlossen
werden. Steigt beispielsweise nach der Nahrungsaufnahme der Blutglukose—
spiegel, gelangt (nach einer gewissen zeitlichen Verzbgerung) entsprechend
mehr Glukose in die Zellen des Kdérpergewebes und wird dort umgesetzt. Dabei
wird Sauerstoff verbraucht. Diesen Sauerstoff erhalten die Zellen (ber das Blut.
Dabei wird aus dem oxigenierten Hamoglobin durch Abgabe von Sauerstoff
desoxigeniertes Hamoglobin. Dementsprechend steigt das Verhélinis von
desoxigeniertem  Hamoglobin zu oxigeniertem an. Aufgrund der unter-
schiedlichen Offnungswinkel der Strahlung der Strahlungsquellen 4 und 4'
wirken sich die Anderungen der Hamoglobinkonzentration unterschiedlich auf
die jeweilige Intensitatsschwachung aus. Somit kénnen aus den Quotienten der
Parameter der Intensitdtsschwéchung Verdnderungen der Hamoglobin-
konzentration detektiert werden. Dies ermdglicht es, indirekti auf den
Sauerstoffverbrauch zuriickzuschlieBen. Da der Sauerstoffverbrauch seinerseits
von dem Blutglukosespiegel abhangt, kann mittels der erlduterten differenziellen
Messung der Strahlungsabsorption auch der Blutglukosespiegel ermittelt
werden. Als sinnvolle Ergdnzung wird parallel zur optischen Messung eine
Bioimpedanzanalyse durchgefihrt, wozu die in der Figur 8 dargestellten
Elektroden T und 7" vorgesehen sind. Zweck der Bioimpedanzmessung ist vor
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allem die Bestimmung der lokalen Durchblutung. Diese kann als weiterer
Parameter bei der Bestimmung des Sauerstoffverbrauchs und damit auch des
Blutglukosespiegels herangezogen werden. Bei dem in der Figur 8 dargestellten
Ausflhrungsbeispiel sind die Elektroden T und 7" auf gegenulberliegenden
Seiten der Strahlungsquellen 4 und 4' und der Strahlungssensoren 5
angeordnet, um sicherzustellen, dass von der Bioimpedanzmessung und der
optischen Messung derselbe Bereich des untersuchten Koérpergewebes erfasst
ist.

Die Figur 9 zeigt eine Mdoglichkeit auf, zwei Strahlungsquellen 4 und 4' mit
unterschiedlicher raumlicher Abstrahlcharakteristik einfach und kostengtnstig zu
realisieren. Hierzu wird ein einzelnes Strahlung emittierendes Element 10,
beispielsweise eine Leuchtdiode, benutzt, deren Licht in eine Lichtleitfaser n
eingekoppelt wird. Die Lichtleitfaser ist an einer geeigneten Stelle in zwei
Faserzweige aufgespalten. Uber den Faserzweig 12 gelangt das Licht direkt in
das untersuchte Ko&rpergewebe 240. In dem anderen Faserzweig ist ein
zusatzliches optisches Element 13, beispielsweise eine Linse, vorgesehen,
beispielsweise um einen kleineren Abstrahlwinkel zu erzielen. Jeder der in der
Figur 9 dargestellten Faserzweige bildet somit eine Strahlungsquelle 4 bzw. 41,
wie sie in der Figur 8 dargestellt sind.
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Patentanspriiche

1. Messvorrichtung zur nicht-invasiven Bestimmung von
physiologischen Parametern, mit wenigstens einer optischen Messeinheit (100)
zur Erzeugung von oximetrischen und/oder plethysmographischen Mess—
signalen, und mit einer Auswertungseinheit (140) zur Verarbeitung der
Messsignale,

d a d ur c h g e k enmnz e ic hnet ,
dass die Auswertungseinheit (140) eingerichtet ist zur Bestimmung wenigstens
eines lokalen metabolischen Parameters, insbesondere des lokalen

Sauerstoffverbrauchs, aus den Signalen der optischen Messeinheit (100).

2. Messvorrichtung nach Anspruch 1, gekennzeichnet durch eine
Einheit (120, 130) zur Erfassung von Iokalen Gewebeparametern, wie
Fettgehalt, Wassergehalt und/oder Durchblutung, wobei die Auswertungs-
einheit (140) eingerichtet ist zur Bestimmung des wenigstens einen lokalen
metabolischen Parameters aus den Signalen der optischen Messeinheit (100)
und den Gewebeparametern.

3. Messvorrichtung nach Anspruch 2, dadurch gekennzeichnet, dass
die Einheit zur Erfassung von lokalen Gewebeparametern eine bioelekirische
Impedanzmesseinheit (130) umfasst.

4, Messvorrichtung nach Anspruch 3, dadurch gekennzeichnet, dass
die bioelektrische Impedanzmesseinheit (130) auBerdem zur Erfassung von
globalen Gewebeparametern, wie globaler Fettgehalt und/oder globaler
Wassergehalt, ausgebildet ist.
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5. Messvorrichtung nach einem der Anspriche 2 bis 4, dadurch
gekennzeichnet, dass die Einheit zur Erfassung von lokalen Gewebeparametern
eine optische Strahlungsquelle (4) und einen Strahlungssensor (5) umfasst.

6. Messvorrichtung nach einem der Anspriche 2 bis 5,
gekennzeichnet, durch einen optischen Sensor zur ortsaufgeldésten Bestimmung
des Hautkolorits.

7. Messvorrichtung nach einem der Anspriche 2 bis 6,
gekennzeichnet durch eine EKG-Einheit (132) zur Erfassung eines EKG-Signals
Uber zwei oder mehr EKG-Elektroden (7, 9), wobei die Auswertungseinheit (140)
zur Auswertung des zeitlichen Verlaufs des EKG-Signals eingerichtet ist.

8. Messvorrichtung nach Anspruch 7, dadurch gekennzeichnet, dass
die Auswertungseinheit (4) eingerichtet ist zur Auswertung des zeitlichen
Verlaufs eines mittels der Vorrichtung erfassten plethysmographischen Signals
und/oder zur Bestimmung der Pulswellengeschwindigkeit aus dem zeitlichen
Verlauf des EKG-Signals und des plethysmographischen Signals.

9. Messvorrichtung nach Anspruch 8, dadurch gekennzeichnet, dass
die Auswertungseinheit (140) eingerichtet ist zur Auswertung des zeitlichen
Verlaufs der Pulswellengeschwindigkeit und zur Ermittlung der Zusammen-
setzung von einem Benutzer der Messvorrichtung aufgenommener Nahrung
anhand des zeitlichen Verlaufs der Pulswellengeschwindigkeit ab dem Zeitpunkt
der Nahrungsaufnahme.

10. Messvorrichtung nach einem der Anspriche 1 bis 9,
gekennzeichnet durch einen Warmesensor (6) zur Bestimmung der lokalen
Warmeproduktion, wobei die Auswertungseinheit (140) zur Bestimmung des
wenigstens einen lokalen metabolischen Parameters unter Berlcksichtigung der
Signale des Warmesensors (6) eingerichtet ist.

11. Messvorrichtung nach Anspruch 10, dadurch gekennzeichnet,
dass die Auswertungseinheit (140) eingerichtet ist zur Bestimmung der lokalen
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Glukosekonzentration aus dem lokalen Sauerstoffverbrauch und der lokalen
Warmeproduktion.

12. Messvorrichtung nach Anspruch 11, dadurch gekennzeichnet,
dass die Bestimmung der Iokalen Glukosekonzentration mittels  der
Auswertungseinheit (140) unter Einbeziehung von Daten betreffend die
Zusammensetzung von einem Benutzer der Messvorrichtung aufgenommener
Nahrung erfolgt.

13. Messvorrichtung nach  Anspruch 11 oder 12, dadurch
gekennzeichnet, dass die Auswertungseinheit (140) weiterhin eingerichtet ist zur
Bestimmung des Blutglukosespiegels aus der lokalen Glukosekonzentration,
wobei von der Physiologie des Benutzers der Messvorrichtung abhangige
Parameter berlcksichtigt werden.

14. Messvorrichtung nach einem der Anspriche 1 bis 13,
gekennzeichnet durch eine Speichereinheit (170) zur Speicherung der mittels
der Auswertungseinheit (140) ermittelten Parameter.

15. Messvorrichtung nach einem der Ansprlche 1 bis 14,
gekennzeichnet durch eine Diagnoseeinheit (150) zur Bewertung der mittels der
Auswertungseinheit (140) ermittelten Parameter und zur Registrierung von
Verdnderungen der Parameter in Abhangigkeit vom Messort und/oder von der
Messzeit.

16. Messvorrichtung nach einem der Anspriche 1 bis 15, dadurch
gekennzeichnet, dass die Diagnoseeinheit (150) eingerichtet ist zur Bestimmung
des Status des Herz-Kreislauf-Systems aus den mittels der Auswertungs—
einheit (140) ermittelten Parametern.

17. Messvorrichtung nach den Ansprichen 4 und 16, dadurch
gekennzeichnet, dass die Diagnoseeinheit (150) zur Berechung eines globalen
Fitnessindex auf der Basis des Status des Herz-Kreislauf-Systems und den
globalen Gewebeparametern eingerichtet ist.
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18. Messvorrichtung nach einem der Anspriche 1 bis 17, dadurch
gekennzeichnet, dass die optische Messeinheit (100) wenigstens eine
Strahlungsquelle (4) zur Bestrahlung des untersuchten Korpergewebes (240),
und wenigstens einen Strahlungssensor (5) zur Detektion der von dem
Koérpergewebe (240) gestreuten und/oder transmittierten Strahlung aufweist.

19. Messvorrichtung nach Anspruch 14, dadurch gekennzeichnet,
dass die optische Messeinheit (100) wenigstens eine Strahlungsquelle (4) zur
Bestrahlung des untersuchten Korpergewebes (240), und wenigstens zwei
Strahlungssensoren (5) zur Detektion der von dem Koérpergewebe (240)
gestreuten und/oder transmittierten Strahlung aufweist, wobei die Strahlungs—

sensoren (5) in unterschiedlichem Abstand zur Strahlungsquelle angeordnet
sind.

20. Messvorrichtung nach Anspruch 18 oder 19, dadurch gekenn-
zeichnet, dass wenigstens zwei Strahlungsquellen (4, 4y vorgesehen sind,
welche  unterschiedliche Volumenbereiche des untersuchten Koérper—
gewebes (240) bestrahlen.

21. Messvorrichtung nach Anspruch 20, dadurch gekennzeichnet,
dass die wenigstens zwei Strahlungsquellen (4, 4') unterschiedliche r&umliche
Abstrahlcharakteristiken haben.

22. Messvorrichtung nach Anspruch 20 oder 21, dadurch
gekennzeichnet, dass die Auswertungseinheit (140) eingerichtet ist zur
Bestimmung des wenigstens einen lokalen metabolischen Parameters aus der
von dem Koérpergewebe (240) gestreuten und/oder transmittierten Strahlung der
beiden Strahlungsquellen (4, 4.

23. Messvorrichtung nach Anspruch 22, dadurch gekennzeichnet,
dass die Auswertungseinheit (140) weiterhin eingerichtet ist zur Bestimmung
des lokalen Sauerstoffverbrauchs und/oder des Blutglukosespiegels anhand der
Intensitdten der von dem  Koérpergewebe (240) gestreuten  und/oder
transmittierten Strahlung der beiden Strahlungsquellen (4, 4%).
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24. Messvorrichtung nach einem der Anspriche 20 bis 23, dadurch
gekennzeichnet, dass die Wellenlange der von den beiden Strahlungsquellen
jeweils emittierten Strahlung im Bereich zwischen 600 und 700 nm,
vorzugsweise zwischen 630 und 650 nm, liegt.

25. Messvorrichtung nach einem der Anspriche 18 bis 24, dadurch
gekennzeichnet, dass die Strahlungsquellen (4, 4% und die Strahlungs—
sensoren (5) an einem Messkopf (3) angeordnet sind.

26. Messvorrichtung nach Anspruch 21, dadurch gekennzeichnet,

dass der Messkopf (3) Elekitroden (7) zur bioelekirischen Impedanzmessung
umfasst.

27. Messvorrichtung nach Anspruch 26, dadurch gekennzeichnet,

dass wenigstens eine der Elekiroden (7) gleichzeitig als EKG-Elektrode
ausgebildet ist.

28. Messvorrichtung nach einem der Anspriche 25 bis 27, dadurch

gekennzeichnet, dass der Messkopf (3) wenigstens einen Warmesensor (6)
umfasst.

29. Messvorrichtung nach einem der Anspriiche 25 bis 28, dadurch
gekennzeichnet, dass der Messkopf (3) am vorderen Ende eines gemeinsamen
Gehauses (2) angeordnet ist, welches die optische Messeinheit (100) und die

Auswertungseinheit (140) aufnimmt, so dass das gesamte Geréat (1)
handfihrbar ausgebildet ist.

30. Messvorrichtung nach den Ansprichen 27 und 29, dadurch

gekennzeichnet, dass das Gehause (2) an der AuBBenseite eine weitere EKG-
Elektrode (9) aufweist.

31. Messvorrichtung nach Anspruch 30, dadurch gekennzeichnet,
dass die weitere EKG-Elektrode (9) gleichzeitig zur bioelektrischen
Impedanzmessung ausgebildet ist.
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32. Messvorrichtung nach einem der Anspriche 1 bis 31,
gekennzeichnet durch eine Anzeigeeinheit (8) zur Anzeige der lokalen
Sauerstoffkonzentration des Blutes und/oder des wenigstens einen lokalen
metabolischen Parameters.

33. Messvorrichtung nach einem der Anspriche 1 bis 32,
gekennzeichnet  durch  eine  Schnittstelle (180) zur  Verbindung der
Messvorrichtung (1) mit einem Computer oder einem anderen Geréat.

34. Messvorrichtung nach einem der Anspriche 1 bis 33, dadurch
gekennzeichnet, dass sie miniaturisiert ausgebildet ist und in einen am Koérper
eines Benutzers getragenen Gegenstand integriert ist.

35. Verfahren zur Erfassung und Auswertung von physiologischen
Parametern, insbesondere unter Verwendung einer Messvorrichtung nach
einem der Anspriche 1 bis 34, wobei

- mittels einer optischen Messeinheit (100) oximetrische und/oder
plethysmographische Messsignale von  Koérpergewebe (240)
erfasst werden,

- und mittels einer Auswertungseinheit (140) die oximetrischen
und/oder plethysmographischen Messsignale verarbeitet werden,
und zwar zur Bestimmung des Pulses und/oder der lokalen
Sauerstoffkonzentration,

d a d ur c h g e ke nnz e ic hnet |,
dass mittels der  Auswertungseinheit (140)  wenigstens ein lokaler
metabolischer Parameter, insbesondere der lokale Sauerstoffverbrauch, aus
den oximetrischen Signalen bestimmt wird.

36. Verfahren nach Anspruch 35, dadurch gekennzeichnet, dass lokale
Gewebeparameter, wie Fetigehalt, Wassergehalt und/oder Durchblutung,
erfasst werden, wobei der wenigstens eine lokale metabolische Parameter aus
den oximetrischen Signalen und den lokalen Gewebeparametern bestimmt wird.
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37. Verfahren nach Anspruch 36, dadurch gekennzeichnet, dass die
lokalen Gewebeparameter mittels bioelekirischer Impedanzmessung erfasst
werden.

38. Verfahren nach Anspruch 36, dadurch gekennzeichnet, dass die
lokalen Gewebeparameter optisch erfasst werden.

39. Vertahren nach einem der Ansprlche 35 bis 38, gekennzeichnet
durch eine zusétzlich zur Erfassung der oximetrischen Messsignale
durchgefihrte Erfassung eines EKG-Signals.

40. Verfahren nach Anspruch 39, dadurch gekennzeichnet, dass
mittels der Auswertungseinheit (140) ein kardiovaskularer Parameter aus den
plethysmographischen Messsignalen und dem EKG-Signal bestimmt wird.

41. Verfahren nach einem der Anspriche 35 bis 41, gekennzeichnet
durch eine Erfassung von globalen Gewebeparametern, wie Fettgehalt und/oder
Wassergehalt.

42. Verfahren nach den Ansprichen 40 wund 41, dadurch
gekennzeichnet, dass basierend auf dem kardiovaskuldren Parameter und den
globalen Gewebeparametern ein globaler Fitnessindex berechnet wird.

43. Verfahren nach einem der Anspriche 35 bis 42, dadurch
gekennzeichnet, dass mittels der optischen Messeinheit (100) unterschiedliche
Volumenbereiche des untersuchten Kérpergewebes bestrahlt werden, wobei der
wenigstens eine lokale metabolische Parameter aus der von dem
Korpergewebe (240) in den unterschiedlichen Volumenbereichen gestreuten
und/oder transmittierten Strahlung bestimmt wird.

44.  Verfahren nach Anspruch 43, dadurch gekennzeichnet, dass die
optische Messeinheit (100) wenigstens zwei Strahlungsquellen (4, 4') mit
unterschiedlichen rdumlichen Abstrahlcharakteristiken umfasst, wobei der lokale
Sauerstoffverbrauch und/oder der Blutglukosespiegel anhand der Intensitaten
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der von dem Koérpergewebe (240) gestreuten und/oder transmittierten Strahlung
der beiden Strahlungsquellen (4, 4% bestimmt wird.

45. Verfahren nach einem der Anspriche 36 bis 44, dadurch
gekennzeichnet, dass die lokalen Gewebeparameter mittels ortsaufgeldster
Waéarmemessung erfasst werden.

46. Verfahren nach Anspruch 45, dadurch gekennzeichnet, dass die
lokale Glukosekonzentration aus dem lokalen Sauerstoffverbrauch und der
lokalen Warmeproduktion bestimmt wird.

47. Verfahren nach Anspruch 46, dadurch gekennzeichnet, dass die
Bestimmung der lokalen Glukosekonzentration unter Einbeziehung von Daten
betreffend die Zusammensetzung von einem Benutzer der Messvorrichtung
aufgenommener Nahrung erfolgt.

48. Verfahren nach Anspruch 46 oder 47, dadurch gekennzeichnet,
dass der Blutglukosespiegel aus der lokalen Glukosekonzentration bestimmt
wird, wobei von der Physiologie des Benutzers der Messvorrichtung abhangige
Parameter berlcksichtigt werden.
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AMENDMENTS TO THE CLAIMS
1. (Previously Canceled)
2. (Previously Presented) A physiological measurement system comprising:
a physiological sensor device comprising:
a plurality of emitters configured to emit light into tissue of a user;
at least four detectors, wherein each of the at least four detectors has a
corresponding window that allows light to pass through to the detector;
a wall that surrounds at least the at least four detectors; and
a cover that operably connects to the wall and that is configured to be
located between tissue of the user and the at least four detectors when the
physiological sensor device is worn by the user, wherein:
the cover comprises a single protruding convex surface, and
at least a portion of the cover is sufficiently rigid to cause tissue of
the user to conform to at least a portion of a shape of the single protruding
convex surface when the physiological sensor device is worn by the user;
and
a handheld computing device in wireless communication with the physiological
sensor device, wherein the handheld computing device comprises:
one or more processors configured to wirelessly receive one or more signals
from the physiological sensor device, the one or more signals responsive to at least
a physiological parameter of the user;
a touch-screen display configured to provide a user interface, wherein:
the user interface is configured to display indicia responsive to
measurements of the physiological parameter, and
an orientation of the user interface is configurable responsive to a
user input; and
a storage device configured to at least temporarily store at least the
measurements of the physiological parameter.
3. (Previously Canceled)
4. (Previously Presented) The physiological measurement system of Claim 2,

wherein the at least four detectors comprise at least eight detectors.

2.
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5. (Currently Amended) The physiological measurement system of Claim 4,

wherein at least part of the single protruding convex surface eeveris light permeable to provide at

least one optical path[[s]] to at least one of the at least four detectors.
6. (Currently Amended) The physiological measurement system of Claim S5,
wherein the physiological sensor device further comprises:
an at least partially opaque layer blocking one or more optical paths to at least one
of the at least four detectors, wherein the at least partially opaque layer comprises the
windows that allow light to pass through to the corresponding detectors.

7. (Previously Presented) The physiological measurement system of Claim 6,
wherein the physiological sensor device further comprises:

a substrate having a first surface, wherein the at least four detectors are arranged on
the first surface.

8. (Previously Presented) The physiological measurement system of Claim 7,
wherein:

the wall surrounds at least the at least four detectors on the first surface,
the wall operably connects to the substrate on one side of the wall, and
the wall operably connects to the cover on an opposing side of the wall.

9. (Previously Presented) The physiological measurement system of Claim 8,
wherein the wall creates one or more gaps between the first surface of the substrate and a surface
of the cover that is interior to the physiological sensor device, and wherein the at least four
detectors are positioned on the first surface of the substrate within the one or more gaps.

10. (Previously Presented) The physiological measurement system of Claim 8,
wherein the substrate, the wall, and the cover together hermetically seal the at least four detectors.

11. (Previously Presented) The physiological measurement system of Claim 10,
wherein a surface of the handheld computing device positions the touch-screen display.

12. (Previously Presented) The physiological measurement system of Claim 11,
wherein the physiological parameter comprises at least one of: pulse rate, glucose, oxygen, oxygen
saturation, methemoglobin, total hemoglobin, carboxyhemoglobin, or carbon monoxide.

13. (Previously Presented) The physiological measurement system of Claim 12,
wherein the single protruding convex surface protrudes a height between 1 millimeter and 3

millimeters.
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14. (Previously Presented) The physiological measurement system of Claim 13,
wherein at least one of the detectors is configured to detect light that has been attenuated by tissue
of the user.

15. (Previously Presented) The physiological measurement system of Claim 14,
wherein the displayed indicia are further responsive to temperature.

16. (Previously Presented) The physiological measurement system of Claim 15,
wherein a portion of the physiological sensor device comprises one of at least two sizes, the two
sizes intended to be appropriate for larger users and smaller users.

17. (Previously Presented) The physiological measurement system of Claim 16,
wherein the at least four detectors are arranged such that a first dete