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Description
1. Field

[0001] Apparatuses and methods consistent with ex-
emplary embodiments relate to estimating a biological
component in a non-invasive manner, and more partic-
ularly to a biological component estimation apparatus,
which calculates a blood vessel alignment index and de-
termines a degree of alignment of blood vessels based
on the calculation, and an operation method thereof.

2. Description of the Related Art

[0002] Blood components, particularly a triglyceride
concentration, may be estimated by a measurement ap-
paratusin anon-invasive manner. The measurement ap-
paratus may include a light source and a light detector
array, and may be placed at a blood vessel portion to
receive a signal of light that is scattered after passing
through blood. More particularly, a change in the blood
component concentration indicates a change in a scat-
tering coefficient of blood, such that the blood component
concentration may be estimated by obtaining the change
in the scattering coefficient of blood from the change in
the signal of scattered light.

[0003] In the non-invasive method using optical tech-
nology, noise increases even when the position of a
measurement apparatus slightly strays from a blood ves-
sel portion. Such increase in noise reduces reliability of
an optical measurement of blood components.

[0004] US 2006/129037 A1 discloses a system and
method for determining an in vivo property of a tissue or
blood.

[0005] US 2008/081968 A1 discloses a noninvasive
living body measuring device.

[0006] US2015/157262 A1 discloses a self-aligning
sensor array with respect to blood vessel of a user.

SUMMARY

[0007] The invention is as specified in the claims. Ex-
emplary embodiments of the present disclosure address
at least the above problems and/or disadvantages and
other disadvantages not described above. Also, the ex-
emplary embodiments are not required to overcome the
disadvantages described above, and may not overcome
any of the problems described above.

[0008] One or more exemplary embodiments provide
a biological component estimation apparatus, which cal-
culates a blood vessel alignment index and determines
a degree of alignment of blood vessels based on the
blood vessel alignment index, and an operation method
thereof.

[0009] Accordingto anaspectofanexemplary embod-
iment, there is provided a biological component estima-
tion apparatus including: a light detector array including
a plurality of light detectors; a plurality of light sources
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comprising a first light source disposed at a first end of
the light detector array and a second light source dis-
posed at a second end of the light detector array; and a
processor configured to calculate a blood vessel align-
ment index, which indicates a degree of alignment of the
biological component estimation apparatus with respect
to blood vessels of a user, based on an intensity of a first
light that is emitted from the first light source and meas-
ured by the light detector array when the first light is re-
turned from the user, and an intensity of a second light
that is emitted from the second light source to the user
and measured by the light detector array when the sec-
ond light is returned from the user.

[0010] The light detector array may be a linear array.
[0011] The processor may calculate: based on the
measured intensity of the first light, an intensity slope of
the first light which indicates a change in the measured
intensity of the first light according to a distance between
the first light source and each of the plurality of light de-
tectors; based on the measured intensity of the second
light, an intensity slope of the second light which indicates
a change in the measured intensity of the second light
according to a distance between the second light source
and each of the plurality of light detectors; and the blood
vessel alignment index by comparing the intensity slope
of the first light with the intensity slope of the second light.
[0012] The processor may calculate, by using aregres-
sion analysis: the intensity slope of the first light based
on the intensity of the first light that is measured by at
least two first light detectors of the plurality of light de-
tectors; and the intensity slope of the second light based
on the intensity of the second light that is measured by
at least two second light detectors of the plurality of light
detectors corresponding to the at least two first light de-
tectors.

[0013] A distance between the second light source and
the at least two second light detectors may be equal to
a distance between the first light source and the at least
two first light detectors.

[0014] The processor may calculate: a ratio of the in-
tensity of the first light, which is measured by two first
light detectors of the plurality of light detectors, as the
intensity slope of the first light; and a ratio of the intensity
of the second light, which is measured by two second
light detectors of the plurality of light detectors corre-
sponding to the two first light detectors, as the intensity
slope of the second light.

[0015] The processor may calculate, as the blood ves-
sel alignment index, an absolute value of a difference
between the intensity slope of the first light and the in-
tensity slope of the second light.

[0016] The apparatus may further include a position
adjuster configured to adjust positions of the light detec-
tor array and the plurality of light sources based on the
calculated blood vessel alignment index.

[0017] The position adjuster may adjust the positions
of the light detector array and the plurality of light sources
so that the blood vessel alignment index is less than the
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predetermined value.

[0018] The processor may generate guide information
that indicates a position of the biological component es-
timation apparatus that allows the blood vessel alignment
index to be less than a predetermined value.

[0019] The apparatus may further include an output
interface configured to output the generated guide infor-
mation.

[0020] In response to the light detector array and the
plurality of light sources being placed at a position where
the blood vessel alignmentindex is less than a predeter-
mined value, the processor may estimate a biological
component of a user by using at least one of the light
sources and at least one of the plurality of light detectors.
[0021] The biological component may include blood
glucose, triglyceride, and cholesterol.

[0022] According to an aspect of another exemplary
embodiment, there is provided an operation method of a
biological component estimation apparatus, which in-
cludes a light detector array including a plurality of light
detectors and a plurality of light sources including a first
light source disposed at a first end of the light detector
array and a second light source disposed at a second
end of the light detector array, the method including:
measuring an intensity of a first light which is emitted
from the first light source to a user and reflected or scat-
tered from the user; measuring an intensity of a second
light which is emitted from the second light source to the
user and is reflected or scattered from the user; and cal-
culating a blood vessel alignment index, which indicates
a degree of alignment of the biological component esti-
mation apparatus with respect to blood vessels of the
user, based on the measured intensity of the first light
and the measured intensity of the second light.

[0023] The light detector array may be a linear array.
[0024] The calculating the blood vessel alignment in-
dex may include: based on the measured intensity of the
first light, calculating an intensity slope of the first light
which indicates a change in the measured intensity of
the first light according to a distance between the first
light source and each of the plurality of light detectors;
based on the measured intensity of the second light, cal-
culating an intensity slope of the second light which in-
dicates a change in the measured intensity of the second
light according to a distance between the second light
source and each of the light detectors; and calculating
the blood vessel alignment index by comparing the in-
tensity slope of the first light with the intensity slope of
the second light.

[0025] The calculating the intensity slope of the first
light may include calculating, by using a regression anal-
ysis, the intensity slope of the first light by based on the
intensity of the first light that is measured by at least two
first light detectors of the plurality of light detectors; the
calculating the intensity slope of the second light may
include calculating, by using the regression analysis, the
intensity slope of the second light based on the intensity
ofthe second lightthatis measured by at least two second
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light detectors of the plurality of light detectors corre-
sponding to the at least two light first detectors.

[0026] A distance between the second light source and
the at least two second light detectors may be equal to
a distance between the first light source and the at least
two first light detectors.

[0027] The calculating the intensity slope of the first
light may include calculating a ratio of the intensity of the
first light, which is measured by two first light detectors
of the plurality of light detectors, as the intensity slope of
the first light; and the calculating the intensity slope of
the second light may include calculating a ratio of the
intensity of the second light, which is measured by two
light second detectors of the plurality of light detectors
corresponding to the two first light detectors, as the in-
tensity slope of the second light.

[0028] The calculating the blood vessel alignment in-
dex may include calculating, as the blood vessel align-
ment index, an absolute value of a difference between
the intensity slope of the first light and the intensity slope
of the second light.

[0029] The method may include adjusting positions of
the light detector array and the plurality of light sources
based on the calculated blood vessel alignment index.
[0030] The adjusting the positions may include adjust-
ing the positions of the light detector array and the plu-
rality of light sources so that the blood vessel alignment
index is less than a predetermined value.

[0031] The method may further include: generating
guide information that indicates a position of the biolog-
ical component estimation apparatus that allows the
blood vessel alignment index to be less than a predeter-
mined value; and outputting the generated guide infor-
mation.

[0032] The method may furtherinclude, in response to
the light detector array and the plurality of light sources
being placed at a position where the blood vessel align-
mentindexis less than a predetermined value, estimating
a biological component of a user by using at least one of
the light sources and at least one of the plurality of light
detectors.

[0033] The biological component may include blood
glucose, triglyceride, and cholesterol.

[0034] According to an aspect of another exemplary
embodiment, there is provided a biosignal measuring de-
vice including: a light detector array comprising a plurality
of light detectors that are arranged side-by-side in series;
a first light source disposed at a first end of the light de-
tector array; a second light source disposed at a second
end of the light detector array, the second end opposing
the firstend in a longitudinal direction of the light detector
array; and a processor configure to determine a degree
of alignment of the biosignal measuring device with a
blood vessel of a subjectbased on a comparison between
an intensity of a first light that is emitted from the first light
source and detected by the light detector array and an
intensity of a second light that is emitted from the second
light source and detected by the light detector array.
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[0035] The processor may be further configure to de-
termine the degree of alignment based on the compari-
son between the intensity of the first light that is emitted
from the first light source and detected by at least two
first light detectors of the light detector array and the in-
tensity of a second light that is emitted from the second
light source and detected by at least two second light
detectors of the light detector array, wherein the at least
two first light detectors may be closer to the first light
source than any other light detectors among the plurality
of light detectors included in the light detector array, and
wherein the at least two second light detectors may be
closer to the second light source than any other light de-
tectors among the plurality of light detectors included in
the light detector array.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] The above and/or other aspects will be more
apparent by describing certain exemplary embodiments,
with reference to the accompanying drawings, in which:

FIG. 1 is a block diagram illustrating an example of
a biological component estimation apparatus.

FIG. 2 is an exemplary diagram illustrating arrange-
ment of light sources and a light detector array.
FIGS. 3 and 4 are diagrams explaining a principle of
a method of aligning a biological component estima-
tion apparatus with respect to blood vessels.
FIG.5isablockdiagramillustrating another example
of a biological component estimation apparatus.
FIG. 6 is a block diagram illustrating an example of
an operation method of a biological component es-
timation apparatus.

FIG. 7 is aflowchartillustrating an example of a meth-
od of calculating a blood vessel alignment index.
FIG. 8isablock diagramillustrating another example
of an operation method of a biological component
estimation apparatus.

FIG. 9 is block diagram illustrating yet another ex-
ample of an operation method of a biological com-
ponent estimation apparatus.

FIG. 10is a perspective view of a wrist-type wearable
device.

DETAILED DESCRIPTION

[0037] Exemplary embodiments are described in
greater detail below with reference to the accompanying
drawings.

[0038] In the following description, like drawing refer-
ence numerals are used for like elements, even in differ-
ent drawings. The matters defined in the description,
such as detailed construction and elements, are provided
to assist in a comprehensive understanding of the exem-
plary embodiments. However, it is apparent that the ex-
emplary embodiments can be practiced without those
specifically defined matters. Also, well-known functions
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or constructions are not described in detail since they
would obscure the description with unnecessary detail.
[0039] Process steps described herein may be per-
formed differently from a specified order, unless a spec-
ified orderis clearly stated in the context of the disclosure.
That s, each step may be performed in a specified order,
at substantially the same time, or in a reverse order.
[0040] Further, the terms used throughout this speci-
fication are defined in consideration of the functions ac-
cording to exemplary embodiments, and can be varied
according to a purpose of a user or manager, or prece-
dentand so on. Therefore, definitions of the terms should
be made on the basis of the overall context.

[0041] It will be understood that, although the terms
first, second, etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one el-
ement from another. Any references to singular may in-
clude plural unless expressly stated otherwise. In the
present specification, it should be understood that the
terms, such as ’including’ or 'having,’ etc., are intended
to indicate the existence of the features, numbers, steps,
actions, components, parts, or combinations thereof dis-
closed in the specification, and are not intended to pre-
clude the possibility that one or more otherfeatures, num-
bers, steps, actions, components, parts, or combinations
thereof may exist or may be added.

[0042] Expressionssuch as"atleastone of," when pre-
ceding a list of elements, modify the entire list of elements
and do not modify the individual elements of the list.
[0043] Further, components that will be described in
the specification are discriminated merely according to
functions mainly performed by the components. That is,
two or more components which will be described later
can be integrated into a single component. Furthermore,
a single component which will be explained later can be
separated into two or more components. Moreover, each
component which will be described can additionally per-
form some or all of a function executed by another com-
ponent in addition to the main function thereof. Some or
all of the main function of each component which will be
explained can be carried out by another component.
Each component may be implemented as hardware, soft-
ware, or a combination of both.

[0044] FIG. 1isablockdiagramiillustrating an example
of a biological component estimation apparatus. The bi-
ological component estimation apparatus 100 deter-
mines a degree of alignment of the biological component
estimation apparatus 100 with respect to blood vessels.
Based on the determination of the degree of alignment,
the biological component estimation apparatus 100 gen-
erates and outputs guide information to accurately align
the biological component estimation apparatus 100 with
blood vessels, and estimates biological components.
The biological component estimation apparatus 100 may
be embedded in an electronic apparatus. Examples of
the electronic apparatus may include a cellular phone, a
smartphone, a tablet PC, a laptop computer, a personal
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digital assistant (PDA), a portable multimedia player
(PMP), a navigation, an MP3 player, a digital camera, a
wearable device, and the like, and examples of the wear-
able device may include a watch-type device, a wrist-
band-type device, a ring-type device, a waist belt-type
device, a necklace-type device, an ankle band-type de-
vice, a thigh band-type device, a forearm band-type de-
vice, and the like. However, the electronic device is not
limited to the above examples, and the wearable device
is neither limited thereto.

[0045] Referring to FIG. 1, the biological component
estimation apparatus 100 includes afirstlight source 110,
a second light source 120, a light detector array 130, and
a processor 140.

[0046] The first light source 110 and the second light
source 120 may be disposed on both ends of the light
detector array 130 to emit light to a user’s skin. For ex-
ample, the first light source 110 and the second light
source 120 may emit near-infrared ray (NIR) or mid-in-
frared ray (MIR) to the user’s skin. However, wavelengths
of light emitted from each of the light sources 110 and
120 may vary depending on the purpose of measurement
or the types of biological components to be measured.
Further, each of the light sources 110 and 120 is not
necessarily required to be configured as a single light
emitting body, but may be configured as a group of a
plurality of light emitting bodies. Each of the light sources
110 and 120 may include a light emitting diode (LED), a
laser diode, a fluorescent body, or the like.

[0047] The light detector array 130 may include a plu-
rality of light detectors. Each light detector receives light
reflected or scattered from a user’s skin, and measures
an intensity of the received light. For example, the first
light source 110, which is disposed at one end of the light
detector array 130, emits a first light to a user’s skin and
measures an intensity of the first light that is reflected or
scattered from the user’s skin. The second light source
120, which is disposed at another end of the light detector
array 130, emits a second light to the user’s skin and
measures an intensity of the second light that is reflected
or scattered from the user’s skin.

[0048] Inthe exemplary embodiment, the lightdetector
array 130 may be a linear array, and each light detector
may include a photo diode, a photo transistor (PTr), a
charge-coupled device (CCD), or the like.

[0049] A user’s skin, to which light is emitted, may be
a portion of a wrist skin surface that is adjacent to the
radial artery. The portion of the wrist skin surface, where
the underlying radial artery passes, may be relatively little
affected by external factors, such as a thickness of a skin
tissue in the wrist, which cause an error in measurement.
However, the portion is not limited thereto, and may be
other distal portions of the human body, such as fingers,
toes, or earlobes, which have a high density of blood
vessels in the body.

[0050] The processor 140 may perform various oper-
ations including calculation of a blood vessel alignment
index, alignment of the biological component estimation
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apparatus 100 with respect to blood vessels, and esti-
mation of biological components, and the like. In partic-
ular, the blood vessel alignment index may indicate a
degree of alignment of the biological component estima-
tion apparatus 100 with respect to blood vessels.
[0051] According to a set period or a user’s request,
the processor 140 may control the first light source 110,
the second light source 120, and the light detector array
130 to measure the intensity of the first light and the in-
tensity of the second light.

[0052] The processor 140 calculates an intensity slope
of the first light based on the measured intensity of the
first light, and calculates an intensity slope of the second
light based on the measured intensity of the second light.
In this case, the intensity slope of the first light indicates
a change in the measured intensity according to a dis-
tance between the first light source 110 and each light
detector, and the intensity slope of the second light indi-
cates a change in the measured intensity according to a
distance between the second light source 120 and each
light detector.

[0053] The measured intensity, which is measured by
each light detector, becomes smaller as the distance be-
tween each light detector and the light sources 110 and
120 becomes larger. That is, the measured intensity of
the first light, which is measured by each light detector
after the first light is emitted from the firstlight source 110
and is reflected or scattered from a skin, becomes smaller
as the distance between the first light source 110 and
each light detector becomes larger; and the measured
intensity of the second light, which is measured by each
light detector after the second light is emitted from the
second light source 120 and is reflected or scattered from
a skin, becomes smaller as the distance between the
second light source 120 and each light detector becomes
larger. Accordingly, the change in the measured intensity
of the first light according to the distance between the
first light source 110 and each light detector may be de-
fined as the intensity slope of the first light; and the
change in the measured intensity of the second light ac-
cording to the distance between the second light source
120 and each light detector may be defined as the inten-
sity slope of the second light.

[0054] In the exemplary embodiment, the processor
140 may select at least two light detectors from among
the plurality of light detectors, and may calculate the in-
tensity slope of the first light based on the measured in-
tensity of the first light that is measured by the selected
at least two light detectors. The processor 140 may use
a regression analysis to calculate the intensity slope of
the first light. Further, the processor 140 may select at
least two light detectors, which correspond to the at least
two light detectors used to calculate the intensity slope
of thefirst light, from among the plurality of light detectors,
and may calculate the intensity slope of the second light
by regression analysis using the measured intensity of
the second light that is measured by the selected at least
two light detectors. In particular, the distance between
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the first light source 110 and the at least two light detec-
tors used to calculate the intensity slope of the first light
may be equal to the distance between the second light
source 120 and the at least two light detectors used to
calculate the intensity slope of the second light. For ex-
ample, the light detector array 130 may include ten light
detectors #1 to #10 that are arranged side-by-side in se-
riesin the descending or ascending order of the numbers,
the first light source 110 may be disposed on the side of
the light detector #1, and the second light source 120
may be disposed on the side of the light detector #10.
Based on the arrangement of the light detector array 130
and the light sources 110 and 120, the processor 140
may calculate the intensity slope of the first light using
the intensity of the first light that is measured by the light
detectors #1, #2, and #3, and may calculate the intensity
slope of the second light using the intensity of the second
light that is measured by the light detectors #10, #9, and
#8. The light detectors #10, #9, and #8 may be arranged
such that the distance from the second light source 120
to the light detectors #10, #9, and #8 is equal to the dis-
tance from the light detectors #1, #2, and #3 to the first
light source 110, respectively.

[0055] The number and position of the light detectors,
which are used to calculate the intensity slope of the first
light, may vary depending on the performance and usage
of a system; and the number and position of the light
detectors, which are used to calculate the intensity slope
of the second light, may be dependent on the number
and position of the light detectors used to calculate the
intensity slope of the first light.

[0056] In another example, the processor 140 may se-
lect two light detectors from among the plurality of light
detectors, and may calculate, as the intensity slope of
the first light, a ratio of the measured intensity of the first
light that is measured by the selected two light detectors.
Further, the processor 140 may select two light detectors,
which correspond to the two light detectors used to cal-
culate the intensity slope of the first light, from among
the plurality of light detectors, and may calculate, as the
intensity slope of the second light, a ratio of the measured
intensity of the second light that is measured by the se-
lected two light detectors. In this case, the distance be-
tween the first light source 110 and the two light detectors
used to calculate the intensity slope of the first light may
be equal to the distance between the second light source
120 and the two light detectors used to calculate the in-
tensity slope of the second light. For example, the light
detector array 130 may include ten light detectors #1 to
#10 that are arranged in series in the descending or as-
cending order of the numbers, the first light source 110
may be disposed on the side of the light detector #1, and
the second light source 120 may be disposed on the side
of the light detector #10. Based on the arrangement of
the light detector array 130 and the light sources 110 and
120, the processor 140 may calculate, as the intensity
slope of the first light, a ratio of the measured intensity
of the first light that is measured by the light detectors #1
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and #5; and may calculate, as the intensity slope of the
second light, a ratio of the measured intensity of the sec-
ond light that is measured by the light detectors #10 and
#6. The light detectors #1, #5, #6, and #10 may be ar-
ranged such that the distance from the second light
source 120 to the light detectors #10 and #6 is equal to
the distance from the first light source 110 to the light
detectors #1 and #5, respectively.

[0057] The position of the light detectors, which are
used to calculate the intensity slope of the first light, may
be determined based on the performance and usage of
a system. The position of the light detectors, which are
used to calculate the intensity slope of the second light,
may be determined based on the position of the light
detectors used to calculate the intensity slope of the first
light.

[0058] The processor 140 may calculate a blood vessel
alignment index by comparing the intensity slope of the
first light with the intensity slope of the second light. For
example, the processor 140 may calculate, as the blood
vessel alignmentindex, an absolute value of a difference
between the intensity slope of the first light and the in-
tensity slope of the second light.

[0059] The processor 140 may generate guide infor-
mation based on the calculated blood vessel alignment
index, to detect a position where the blood vessel align-
ment index is minimized, and may output the generated
guide information through an internal or external output
device of the biological component estimation apparatus
100. Here, the guide information may include information
on a moving direction, a moving distance, and the like,
of the biological component estimation apparatus 100,
so that the first light source 110, the second light source
120, and the light detector array 130 may be accurately
aligned with a blood vessel portion desired to be meas-
ured, that is, the blood vessel alignment index may be
minimized.

[0060] Once the first light source 110, the second light
source 120, and the light detector array 130 are placed
at a position where the blood vessel alignment index is
minimized, the processor 140 may estimate a biological
component of a user by using all or some of the light
sources 110 and 120, and all or some of the light detector
array 130. Here, the biological component may be blood
components, including blood glucose, cholesterol, trig-
lyceride, and the like. In the exemplary embodiment, the
processor 140 may measure a scattering coefficient of
the user by using all or some of the light sources 110 and
120 and all or some of the light detector array 130, and
may estimate a biological component of the user, such
as blood glucose, cholesterol, triglyceride, and the like,
by using the measured scattering coefficient.

[0061] Although FIG. 1 illustrates the biological com-
ponent estimation apparatus 100 including two light
sources 110 and 120, this is merely exemplary for con-
venience of explanation, and the biological component
estimation apparatus 100 is not limited thereto. That is,
the biological component estimation apparatus 100 may
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include three or more light sources disposed on both ends
of the light detector array 130.

[0062] FIG. 2 is an exemplary diagram illustrating ar-
rangement of light sources and a light detector array.
[0063] Referring to FIG. 2, the light detector array 130
may include a plurality of light detectors #1 to #12 and
may be a linear array.

[0064] The first light source 110 may be disposed on
one end of the light detector array 130 (e.g., one end on
the side of the light detector #1), and the second light
source 120 may be disposed on the other end of the light
detector array 130 (e.g., one end on the side of the light
detector #12).

[0065] FIGS. 3 and 4 are diagrams explaining a prin-
ciple of a method of aligning a biological component es-
timation apparatus with respect to blood vessels. More
specifically, FIG. 3 is an exemplary diagram illustrating
an example where the biological component estimation
apparatus is aligned with a blood vessel portion; and FIG.
4 is an exemplary diagram illustrating an example where
the biological component estimation apparatusis aligned
on a portion other than the blood vessel portion.

[0066] Referring to FIGS. 1 and 3, in the case where
the first light source 110, the second light source 120,
and the light detector array 130 are aligned with a portion
of blood vessels 310, both the first light and the second
light pass through the blood vessels 310. Accordingly,
the intensity slope of the first light and the intensity slope
of the second light are the same or a difference therebe-
tween is very small.

[0067] That is, in the case where the first light source
110, the second light source 120, and the light detector
array 130 are aligned with the portion of blood vessels
310, the processor 140 calculates an intensity slope
Slopeg of the first light based on the intensity of the first
light that is measured by the light detectors #1 to #10
after the first light is emitted from the first light source
110. Also, the processor 140 calculates an intensity slope
Slopeg of the second light based on the intensity of the
second light that is measured by the light detectors #12
to #3, corresponding to the light detectors #1 to #10, after
the second light is emitted from the second light source
120. In this case, the intensity slope Slopef of the first
light and the intensity slope Slopeg of the second light
may be equal to each other or a difference therebetween
is very small.

[0068] By contrast, referring to FIGS. 1 and 4, in the
case where the first light source 110, the second light
source 120, and the light detector array 130 are aligned
with a portion other than the portion of the blood vessels
310, the first light passes through the blood vessels 310
but the second light does not pass the blood vessels 310.
Accordingly, the intensity slope Slopeg of the first light
and the intensity slope Slopeg of the second light are not
the same, and a difference therebetween is large.
[0069] That is, in the case where the first light source
110, the second light source 120, and the light detector
array 130 are aligned with a portion other than the portion
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of the blood vessels 310, the processor 140 calculates
the intensity slope Slope of the first light based on the
intensity of the first light that is measured by the light
detectors #1 to #10 after the first light is emitted from the
firstlight source 110. In addition, the processor calculates
the intensity slope Slopeg of the second light based on
the intensity of the second light that is measured by the
light detectors #12 to #3, corresponding to light detectors
#1 to #10, after the second light is emitted from the sec-
ond light source 120. In this case, the intensity slope
Slopeg of the first light and the intensity slope Slopeg of
the second light are not the same, and a difference ther-
ebetween is large.

[0070] Accordingly, the difference between the inten-
sity slope Slopeg of the first light and the intensity slope
Slopeg of the second lightindicates a degree of alignment
of the biological component estimation apparatus 100
with respect to blood vessels. Thus, the processor 140
calculates, as a blood vessel alignment index, an abso-
lute value of the difference between the intensity slope
Slopef of the first light and the intensity slope Slopeg of
the second light. The processor 140 may align the bio-
logical component estimation apparatus 100 accurately
with the portion of blood vessels by adjusting positions
of the first light source 110, the second light source 120,
and the light detector array 130 so that the blood vessel
alignment index may be minimized.

[0071] While aligning the biological component estima-
tion apparatus 100 accurately with the portion of blood
vessels, the processor 140 may control all or some of
the light sources 110 and 120 to emit light to a user’s
skin, and may control all or some of the light detector
array 130 to detect light reflected or scattered from the
user’s skin, and use the detected light to estimate a bio-
logical component, thereby improving accuracy of esti-
mation of the biological component.

[0072] FIG. 5 is a block diagram illustrating another
example of a biological component estimation apparatus.
The biological component estimation apparatus 500 de-
termines a degree of alignment of the biological compo-
nent estimation apparatus 500 with respect to blood ves-
sels. Based on the determination of the degree of align-
ment, the biological component estimation apparatus
500 may align the biological component estimation ap-
paratus 500 with blood vessels at a high accuracy, and
may estimate biological components. The biological
component estimation apparatus 500 may be embedded
in an electronic apparatus. Examples of the electronic
apparatus may include a cellular phone, a smartphone,
a tablet PC, a laptop computer, a personal digital assist-
ant (PDA), a portable multimedia player (PMP), a navi-
gation, an MP3 player, a digital camera, a wearable de-
vice, and the like, and examples of the wearable device
may include a watch-type device, a wristband-type de-
vice, aring-type device, a waist belt-type device, a neck-
lace-type device, an ankle band-type device, a thigh
band-type device, a forearm band-type device, and the
like. However, the electronic device is not limited to the
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above examples, and the wearable device is neither lim-
ited thereto.

[0073] Referring to FIG. 5, the biological component
estimation apparatus 500 includes afirstlight source 110,
a second light source 120, a light detector array 130, a
processor 140, a position adjuster 510, an input unit 520,
a storage 530, a communicator (e.g., a communication
interface) 540, and an output unit (e.g., an output inter-
face) 550.

[0074] Here, the first light source 110, the second light
source 120, the light detector array 130, and the proces-
sor 140 may be substantially the same as those de-
scribed above with reference to FIGS. 1 to 4, such that
detailed description thereof will be omitted.

[0075] The positionadjuster 510 may automatically ad-
just positions of the first light source 110, the second light
source 120, and the light detector array 130 based on
the blood vessel alignment index calculated by the proc-
essor 140. In the exemplary embodiment, the position
adjuster 510 may automatically adjust positions of the
first light source 110, the second light source 120, and
the lightdetector array 130, so that the blood vessel align-
ment index may be minimized. The position adjust 510
may include a motor to move the positions of the first
light source 110, the second light source 120, and the
light detector array 130. The processor 140 may deter-
mine that the blood vessel alignment index is minimized
when the blood vessel alignment index is less than a
reference index value that is stored in the storage 530.
[0076] The input unit 520 may receive input of various
operation signals from a user. In the embodiment, the
input unit 520 may include a keypad, a dome switch, a
touch pad (static pressure/capacitance), a jog wheel, a
jog switch, a hardware (H/W) button, and the like. Par-
ticularly, the touch pad, which forms a layer structure with
a display, may be called a touch screen.

[0077] The storage 530 may store programs or com-
mands for operation of the biological component estima-
tion apparatus 500, and may store data input to and out-
put from the biological component estimation apparatus
500. Further, the storage 530 may store data of the meas-
ured intensity of the first light and the measured intensity
of the second light which are measured by the light de-
tector array 130, data of the blood vessel alignment index
calculated by the processor 140, the generated guide
information, data of the estimated biological component,
and various types of data used for estimation of biological
components, and the like.

[0078] The storage 530 may include at least one stor-
age medium of a flash memory type memory, a hard disk
type memory, a multimedia card micro type memory, a
card type memory (e.g., an SD memory, an XD memory,
etc.), a Random Access Memory (RAM), a Static Ran-
dom Access Memory (SRAM), a Read Only Memory
(ROM), an Electrically Erasable Programmable Read
Only Memory (EEPROM), a Programmable Read Only
Memory (PROM), a magnetic memory, a magnetic disk,
and an optical disk, and the like. Further, the biological
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component estimation apparatus 500 may operate an
external storage medium, such as web storage and the
like, which performs a storage function of the storage 530
on the Internet.

[0079] The communicator 540 may communicate with
an external device. For example, the communicator 540
may transmit, to the external device, data input from a
user, data of the measured intensity of the first light and
the measured intensity of the second light which are
measured by the light detector array 130, data of the
blood vessel alignmentindex calculated by the processor
140, the generated guide information, data of the esti-
mated biological component, and various types of data
used for estimation of biological components, and the
like; or may receive various types of data, which are use-
ful for estimation of biological components, from the ex-
ternal device.

[0080] In particular, the external device may be medi-
cal equipment using data input from a user, data of the
measured intensity of the first light and the measured
intensity of the second light which are measured by the
light detector array 130, data of the blood vessel align-
ment index calculated by the processor 140, the gener-
ated guide information, data of the estimated biological
component, and various types of data used for estimation
of biological components, a printer to print out results, or
a display device. In addition, the external device may be
a digital TV, a desktop computer, a cellular phone, a
smartphone, a tablet PC, a laptop computer, a personal
digital assistant (PDA), a portable multimedia player
(PMP), a navigation, an MP3 player, a digital camera, a
wearable device, and the like, but is not limited thereto.
[0081] The communicator 540 may communicate with
external devices by using Bluetooth communication,
Bluetooth Low Energy (BLE) communication, Near Field
Communication (NFC), WLAN communication, Zigbee
communication, Infrared Data Association (IrDA) com-
munication, Wi-Fi Direct (WFD) communication, Ultra
Wideband (UWB) communication, Ant+ communication,
WIFI communication, Radio Frequency lIdentification
(RFID) communication, 3G communication, 4G commu-
nication, 5G communication, and the like. However, this
is merely exemplary and communication is not limited
thereto.

[0082] The output unit 550 may output data input from
a user, data of the measured intensity of the first light
and the measured intensity of the second light which are
measured by the light detector array 130, data of the
blood vessel alignmentindex calculated by the processor
140, the generated guide information, data of the esti-
mated biological component, and various types of data
used for estimation of biological components, and the
like. In the embodiment, the output unit 550 may output
data input from a user, data of the measured intensity of
the first light and the measured intensity of the second
light which are measured by the light detector array 130,
data of the blood vessel alignment index calculated by
the processor 140, data of the estimated biological com-
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ponent, and various types of data used for estimation of
biological components, the generated guide information,
and the like, by using at least one of an acoustic method,
a visual method, and a tactile method. To this end, the
output unit 550 may include a display, a speaker, a vi-
brator, and the like.

[0083] FIG.6isablockdiagramillustrating an example
of an operation method of a biological component esti-
mation apparatus. The operation method of FIG. 6 may
be performed by the biological component estimation ap-
paratus 100.

[0084] As shown in FIGS. 1 and 6, the biological com-
ponent estimation apparatus 100 may emit light to a us-
er’s skin by using the first light 110, and may measure
an intensity of the first light reflected or scattered from
the user’s skin by using the light detector array 130 in
operation 610.

[0085] Thebiological componentestimation apparatus
100 may emit light to the user’s skin by using the second
light 120, and may measure an intensity of the second
light reflected or scattered from the user’s skin by using
the light detector array 130 in operation 620.

[0086] Thebiological componentestimation apparatus
100 may calculate a blood vessel alignment index in op-
eration 630, based on the measured intensity of the first
light and the measured intensity of the second light. The
blood vessel alignment index may indicate a degree of
alignment of the biological component estimation appa-
ratus 100 with respect to blood vessels

[0087] FIG. 7 is a flowchart illustrating an example of
a method of calculating a blood vessel alignment index.
The method of calculating a blood vessel alignmentindex
of FIG. 7 may be an example of calculating the blood
vessel alignment index in operation 630 of FIG. 6.
[0088] As shown in FIGS. 1 and 7, the biological com-
ponent estimation apparatus 100 may calculate the in-
tensity slope of the first light based on the measured in-
tensity of thefirstlightin operation 710, and may calculate
the intensity slope of the second lightbased on the meas-
ured intensity of the second light in operation 720. In this
case, the intensity slope of the first light indicates a
change in the measured intensity according to a distance
between the first light source 110 and each light detector;
and the intensity slope of the second light indicates a
change in the measured intensity according to a distance
between the second light source 120 and each light de-
tector.

[0089] In the exemplary embodiment, the biological
component estimation apparatus 100 may select at least
two light detectors from among the plurality of light de-
tectors, and may calculate the intensity slope of the first
light by regression analysis using the measured intensity
of the first light that is measured by the selected at least
two light detectors. Further, the biological component es-
timation apparatus 100 may select at least two light de-
tectors, which correspond to the at least two light detec-
tors used to calculate the intensity slope of the first light,
from among the plurality of light detectors, and may cal-
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culate the intensity slope of the second light by regression
analysis using the measured intensity of the second light
that is measured by the selected at least two light detec-
tors. In this case, the distance between the first light
source 110 and the at least two light detectors used to
calculate the intensity slope of the first light may be equal
to the distance between the second light source 120 and
the at least two light detectors used to calculate the in-
tensity slope of the second light.

[0090] In another example, the biological component
estimation apparatus 100 may select two light detectors
from among the plurality of light detectors, and may cal-
culate, as the intensity slope of the first light, a ratio of
the measured intensity of the first light that is measured
by the selected two light detectors. Further, the biological
component estimation apparatus 100 may select two
light detectors, which correspond to the two light detec-
tors used to calculate the intensity slope of the first light,
from among the plurality of light detectors, and may cal-
culate, as the intensity slope of the second light, a ratio
of the measured intensity of the second light that is meas-
ured by the selected two light detectors. In this case, the
distance between the first light source 110 and the two
light detectors used to calculate the intensity slope of the
first light may be equal to the distance between the sec-
ond light source 120 and the two light detectors used to
calculate the intensity slope of the second light.

[0091] The biological componentestimation apparatus
100 may calculate a blood vessel alignment index by
comparing the intensity slope of the first light with the
intensity slope of the second light in operation 730. For
example, the biological component estimation apparatus
100 may calculate, as the blood vessel alignment index,
an absolute value of a difference between the intensity
slope of the firstlight and the intensity slope of the second
light.

[0092] FIG. 8 is a block diagram illustrating another
example of an operation method of a biological compo-
nent estimation apparatus. The operation method of FIG.
8 may be performed by the biological component esti-
mation apparatus 100 of FIG. 1.

[0093] Referring to FIGS. 1 and 8, the biological com-
ponent estimation apparatus 100 may emit light to a us-
er’s skin by using the first light 110, and may measure
an intensity of the first light reflected or scattered from
the user’s skin by using the light detector array 130 in
operation 810.

[0094] The biological component estimation apparatus
100 may emit light to the user’s skin by using the second
light 120, and may measure an intensity of the second
light reflected or scattered from the user’s skin by using
the light detector array 130 in operation 820.

[0095] The biological componentestimation apparatus
100 may calculate a blood vessel alignment index in op-
eration 830, which indicates a degree of alignment of the
biological component estimation apparatus 100 with re-
spect to blood vessels, based on the measured intensity
of the first light and the measured intensity of the second
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light.

[0096] The biological componentestimation apparatus
100 may generate guide information based on the cal-
culated blood vessel alignment index to detect a position
where the blood vessel alignment index is minimized in
operation 840, and may output the generated guide in-
formation in operation 850. Here, the guide information
may include information on a moving direction, a moving
distance, and the like, of the biological component esti-
mation apparatus 100, so that the first light source 110,
the second light source 120, and the light detector array
130 may be accurately aligned with a blood vessel portion
desired to be measured, that is, the blood vessel align-
ment index may be minimized.

[0097] Once the first light source 110, the second light
source 120, and the light detector array 130 are placed
at a position where the blood vessel alignment index is
minimized, the biological component estimation appara-
tus 100 may estimate a biological component of a user
by using all or some of the light sources 110 and 120,
and all or some of the light detector array 130 in operation
860. Here, the biological component may be blood com-
ponents, including blood glucose, cholesterol, triglycer-
ide, and the like. For example, the biological component
estimation apparatus 100 may measure a scattering co-
efficient of the user by using all or some of the light sourc-
es 110 and 120 and all or some of the light detector array
130, and may estimate a biological component of the
user, such as blood glucose, cholesterol, triglyceride, and
the like, by using the measured scattering coefficient.
[0098] FIG. 9 is block diagram illustrating yet another
example of an operation method of a biological compo-
nentestimation apparatus. The operation method of FIG.
9 may be performed by the biological component esti-
mation apparatus 500 of FIG. 5.

[0099] Referring to FIGS. 5 and 9, the biological com-
ponent estimation apparatus 500 may emit light to a us-
er’s skin by using the first light 110, and may measure
an intensity of the first light reflected or scattered from
the user’s skin by using the light detector array 130 in
operation 910.

[0100] Thebiological componentestimation apparatus
500 may emit light to the user’s skin by using the second
light 120, and may measure an intensity of the second
light reflected or scattered from the user’s skin by using
the light detector array 130 in operation 920.

[0101] Thebiological componentestimation apparatus
500 may calculate a blood vessel alignment index in op-
eration 930, which indicates a degree of alignment of the
biological component estimation apparatus 500 with re-
spect to blood vessels, based on the measured intensity
of the first light and the measured intensity of the second
light.

[0102] Thebiological componentestimation apparatus
500 may automatically adjust positions of the first light
source 110, the second light source 120, and the light
detector array 130, so that the blood vessel alignment
index may be minimized in operation 940.
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[0103] Once the first light source 110, the second light
source 120, and the light detector array 130 are placed
at a position where the blood vessel alignment index is
minimized, the biological component estimation appara-
tus 100 may estimate a biological component of a user
by using all or some of the light sources 110 and 120,
and all or some of the light detector array 130 in operation
950.

[0104] FIG. 10 is a perspective view of a wrist-type
wearable device.

[0105] Referring to FIG. 10, the wrist-type wearable
device 1000 includes a strap 1010 and a main body 1020.
[0106] The strap 1010 may be formed as a flexible
band. However, this is merely exemplary and the strap
1010 is not limited thereto. That is, the strap 1010 may
include various strap members configured to bend
around a user’s wrist.

[0107] The mainbody 1020 may include the aforemen-
tioned biological component estimation apparatuses 100
and 500. Further, the main body 1020 may include a bat-
tery which supplies power to the wrist-type wearable de-
vice 1000 and the biological component estimation ap-
paratuses 100 and 500.

[0108] The wrist-type wearable device 1000 may fur-
ther include an input unit 1021 and a display 1022 which
are mounted at the main body 1020. The input unit 1021
may receive input of various operation signals from a
user. The display 1022 may display data processed by
the wrist-type wearable device 1000 and/or the biological
component estimation apparatuses 100 and 500,
processing result data, and the like.

[0109] While not restricted thereto, an exemplary em-
bodiment can be embodied as computer-readable code
on a computer-readable recording medium. The compu-
ter-readable recording medium is any data storage de-
vice that can store data that can be thereafter read by a
computer system. Examples of the computer-readable
recording medium include read-only memory (ROM),
random-access memory (RAM), CD-ROMs, magnetic
tapes, floppy disks, and optical data storage devices. The
computer-readable recording medium can also be dis-
tributed over network-coupled computer systems so that
the computer-readable code is stored and executed in a
distributed fashion. Also, an exemplary embodiment may
be written as a computer program transmitted over a
computer-readable transmission medium, such as a car-
rier wave, and received and implemented in general-use
or special-purpose digital computers that execute the
programs. Moreover, it is understood that in exemplary
embodiments, one or more units of the above-described
apparatuses and devices can include circuitry, a proces-
sor, a microprocessor, etc., and may execute a computer
program stored in a computer-readable medium.
[0110] The foregoing exemplary embodiments are
merely exemplary and are not to be construed as limiting.
The present teaching can be readily applied to other
types of apparatuses.
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Claims

A biological component estimation apparatus, com-
prising:

a light detector array, in particular, a linear light
detector array, including a plurality of light de-
tectors;

a plurality of light sources comprising a first light
source disposed atafirstend ofthe light detector
array and a second light source disposed at a
second end of the light detector array; and

a processor configured to calculate a blood ves-
sel alignment index, which indicates a degree
of alignment of the biological component esti-
mation apparatus with respect to blood vessels
of a user, based on an intensity of a first light
that is emitted from the first light source and
measured by the light detector array when the
firstlight is returned from the user, and an inten-
sity of a second light that is emitted from the
second light source to the user and measured
by the light detector array when the second light
is returned from the user, wherein the processor
is further configured to calculate:

based on the measured intensity of the first
light, an intensity slope of the firstlight which
indicates a change in the measured inten-
sity of the first light according to a distance
between the first light source and each of
the plurality of light detectors;

based on the measured intensity of the sec-
ond light, an intensity slope of the second
light which indicates a change in the meas-
ured intensity of the second light according
to a distance between the second light
source and each of the plurality of light de-
tectors; and

the blood vessel alignment index as an ab-
solute value of a difference between the in-
tensity slope of the first light and the inten-
sity slope of the second light.

2. The apparatus of claim 1, wherein the processor is

configured to calculate, by using a regression anal-
ysis:

the intensity slope of the first light based on the
intensity of the first light that is measured by at
least two first light detectors of the plurality of
light detectors; and

the intensity slope of the second light based on
the intensity of the second light that is measured
by at least two second light detectors of the plu-
rality of light detectors corresponding to the at
least two first light detectors.
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The apparatus of one of the preceding claims,
wherein a distance between the second light source
and the at least two second light detectors is equal
to a distance between the first light source and the
at least two first light detectors.

The apparatus of one of the preceding claims,
wherein the processor is configured to calculate:

a ratio of the intensity of the first light, which is
measured by two first light detectors of the plu-
rality of light detectors, as the intensity slope of
the first light; and

a ratio of the intensity of the second light, which
is measured by two second light detectors of the
plurality of light detectors corresponding to the
two first light detectors, as the intensity slope of
the second light.

The apparatus of one of the preceding claims, further
comprising a position adjuster configured to adjust
positions of the light detector array and the plurality
of light sources based on the calculated blood vessel
alignment index, in particular, such that the blood
vessel alignmentindex is less than a predetermined
value.

The apparatus of one of the preceding claims,
wherein the processor is configured to generate
guide information that indicates a position of the bi-
ological component estimation apparatus that allows
the blood vessel alignment index to be less than a
predetermined value.

The apparatus of one of the preceding claims,
wherein the processor is configured to, in response
to the light detector array and the plurality of light
sources being placed at a position where the blood
vessel alignmentindex is less than a predetermined
value, estimate a biological component of a user by
using at least one of the light sources and at least
one of the plurality of light detectors, wherein, in par-
ticular, the biological component comprises blood
glucose, triglyceride, and cholesterol.

An operation method of a biological component es-
timation apparatus, which comprises a light detector
array, in particular, a linear light detector array, in-
cluding a plurality of light detectors and a plurality of
light sources including a first light source disposed
at a first end of the light detector array and a second
light source disposed at a second end of the light
detector array, the method comprising:

measuring an intensity of a first light which is
emitted from the first light source to a user and
reflected or scattered from the user;

measuring an intensity of a second light which
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is emitted from the second light source to the
user and is reflected or scattered from the user;
based on the measured intensity of the firstlight,
calculating an intensity slope of the first light
which indicates a change in the measured in-
tensity of the first light according to a distance
between the first light source and each of the
plurality of light detectors;

based on the measured intensity of the second
light, calculating an intensity slope of the second
light which indicates a change in the measured
intensity of the second light according to a dis-
tance between the second light source and each
of the light detectors and

calculating an absolute value of a difference be-
tween the intensity slope of the first light and the
intensity slope of the second light as a blood
vessel alignment index, which indicates a de-
gree of alignment of the biological component
estimation apparatus with respect to blood ves-
sels of the user, based on the measured inten-
sity of the first light and the measured intensity
of the second light.

9. The method of claim 8, wherein:

the calculating the intensity slope of the first light
comprises calculating, by using a regression
analysis, the intensity slope of the first light by
based on the intensity of the first light that is
measured by at least two first light detectors of
the plurality of light detectors;

the calculating the intensity slope of the second
light comprises calculating, by using the regres-
sion analysis, the intensity slope of the second
light based on the intensity of the second light
that is measured by at least two second light
detectors of the plurality of light detectors cor-
responding to the atleast two light first detectors.

10. The method of one of the claims 8 and 9, wherein:

the calculating the intensity slope of the first light
comprises calculating a ratio of the intensity of
the first light, which is measured by two first light
detectors of the plurality of light detectors, as
the intensity slope of the first light; and

the calculating the intensity slope of the second
light comprises calculating a ratio of the intensity
of the second light, which is measured by two
light second detectors of the plurality of light de-
tectors corresponding to the two first light detec-
tors, as the intensity slope of the second light.

11. The method of one of the claims 8 to 10, further com-
prising, in response to the light detector array and
the plurality of light sources being placed ata position
where the blood vessel alignment index is less than
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a predetermined value, estimating a biological com-
ponent of a user by using at least one of the light
sources and at least one of the plurality of light de-
tectors, wherein the biological component, in partic-
ular, comprises blood glucose, triglyceride, and cho-
lesterol.

Patentanspriiche

1. EineVorrichtung zur Bestimmung einer biologischen
Komponente, die umfasst:

eine Lichtdetektoranordnung, insbesondere, ei-
ne lineare Lichtdetektoranordnung, die mehrere
Lichtdetektoren einschlief3t;

mehrere Lichtquellen, die eine erste Lichtquelle,
die an einem ersten Ende der Lichtdetektoran-
ordnung angeordnet ist, und eine zweite Licht-
quelle, die an einem zweiten Ende der Lichtde-
tektoranordnung angeordnet ist, umfassen; und
einen Prozessor, der dazu ausgebildetist, einen
BlutgefaRausrichtungsindex, der einen Grad ei-
ner Ausrichtung der Vorrichtung zur Bestim-
mung einer biologischen Komponente mit Blut-
gefalen eines Nutzers anzeigt, auf der Grund-
lage einer Intensitat eines ersten Lichts, das von
der ersten Lichtquelle ausgesendet wird und
von der Lichtdetektoranordnung gemessen
wird, wenn das erste Licht von dem Nutzer zu-
rickkommt, und einer Intensitat eines zweiten
Lichts, das von der zweiten Lichtquelle zu dem
Nutzer ausgesendet wird und von der Lichtde-
tektoranordnung gemessen wird, wenn das
zweite Licht von dem Nutzer zurlickkommt, zu
berechnen, wobei der Prozessor weiterhin dazu
ausgebildet ist:

eine Steigung der Intensitdt des ersten
Lichts, die eine Anderung in der gemesse-
nen Intensitat des ersten Lichts gemaR ei-
nem Abstand zwischen der ersten Licht-
quelle und jedem der mehreren Lichtdetek-
toren anzeigt, auf der Grundlage der ge-
messenen Intensitat des ersten Lichts zu
berechnen;

eine Steigung der Intensitdt des zweiten
Lichts, die eine Anderung in der gemesse-
nen Intensitat des zweiten Lichts geman ei-
nem Abstand zwischen der zweiten Licht-
quelle und jedem der mehreren Lichtdetek-
toren anzeigt, auf der Grundlage der ge-
messenen Intensitat des zweiten Lichts zu
berechnen; und

den BlutgefaRausrichtungsindex als einen
Absolutwert einer Differenz zwischen der
Steigung der Intensitat des ersten Lichts
und der Steigung der Intensitat des zweiten
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Lichts zu berechnen.

Die Vorrichtung von Anspruch 1, in der der Prozes-
sor dazu ausgebildet ist, unter Verwendung einer
Regressionsanalyse

die Steigung der Intensitat des ersten Lichts auf der
Grundlage der Intensitat des ersten Lichts, das von
zumindest zwei ersten Lichtdetektoren der mehre-
ren Lichtdetektoren gemessen wird, zu berechnen;
und

die Steigung der Intensitat des zweiten Lichts auf
der Grundlage der Intensitat des zweiten Lichts, das
von zumindest zwei zweiten Lichtdetektoren der
mehreren Lichtdetektoren entsprechend den zwei
ersten Lichtdetektoren gemessen wird, zu berech-
nen.

Die Vorrichtung von einem der vorhergehenden An-
spriiche, in der ein Abstand zwischen der zweiten
Lichtquelle und den zumindest zwei zweiten Licht-
detektoren gleich einem Abstand zwischen der ers-
ten Lichtquelle und den zumindest zwei ersten Licht-
detektoren ist.

Die Vorrichtung von einem der vorhergehenden An-
spriiche, in der der Prozessor dazu ausgebildet ist,
einen Quotienten aus der Intensitdt des ersten
Lichts, das von zwei ersten Lichtdetektoren der meh-
reren Lichtdetektoren gemessen wird, als die Stei-
gung der Intensitat des ersten Lichts zu berechnen;
und

einen Quotienten aus der Intensitat des zweiten
Lichts, das von zwei zweiten Lichtdetektoren der
mehreren Lichtdetektoren gemessen wird, als die
Steigung der Intensitat des zweiten Lichts zu berech-
nen.

Die Vorrichtung von einem der vorhergehenden An-
spriiche, die weiterhin einen Positionsanpasser um-
fasst, der dazu ausgebildet ist, Positionen der Licht-
detektoranordnung und der mehreren Lichtquellen
auf der Grundlage des berechneten BlutgefaRaus-
richtungsindex, insbesondere derart, dass der Blut-
gefalRausrichtungsindex kleiner als ein vorbestimm-
ter Wert ist, anzupassen.

Die Vorrichtung von einem der vorhergehenden An-
spriiche, in der der Prozessor dazu ausgebildet ist,
Fihrungsinformationen, die eine Position der Vor-
richtung zur Bestimmung einer biologischen Kom-
ponente anzeigen, zu erzeugen, die es ermdglichen,
dass der BlutgefaRausrichtungsindex kleiner als ein
vorbestimmter Wert ist.

Die Vorrichtung von einem der vorhergehenden An-
spriiche, in der der Prozessor dazu ausgebildet ist,
in Reaktion darauf, dass die Lichtdetektoranordnung
und die mehreren Lichtquellen an Positionen plat-
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ziert sind, fur die der BlutgefaRausrichtungsindex
kleiner als ein vorbestimmter Wert ist, eine biologi-
sche Komponente eines Nutzers unter Verwendung
von zumindest einer der Lichtquellen und zumindest
einem der mehreren Lichtdetektoren zu bestimmen,
wobei die biologische Komponente insbesondere
Blutglukose, Triglycerid und Cholesterol umfasst.

Ein Verfahren zum Betreiben einer Vorrichtung zur
Bestimmung einer biologischen Komponente, die ei-
ne Lichtdetektoranordnung insbesondere, eine line-
are Lichtdetektoranordnung, umfasst, die mehrere
Lichtdetektoren und mehrere Lichtquellen ein-
schlieBlich einer ersten Lichtquelle, die an einem
ersten Ende der Lichtdetektoranordnung angeord-
net ist, und einer zweiten Lichtquelle, die an einem
zweiten Ende der Lichtdetektoranordnung angeord-
net ist, einschlie3t, wobei das Verfahren umfasst:

Messen einer Intensitat eines ersten Lichts, das
von der ersten Lichtquelle zu einem Nutzer aus-
gesendet wird und von dem Nutzer reflektiert
oder gestreut wird;

Messen einer Intensitat eines zweiten Lichts,
das von der zweiten Lichtquelle zu dem Nutzer
ausgesendet wird und von dem Nutzer reflek-
tiert oder gestreut wird;

Berechnen einer Steigung der Intensitat des
ersten Lichts, die eine Anderung in der gemes-
senen Intensitat des ersten Lichts geman einem
Abstand zwischen der ersten Lichtquelle und je-
dem der mehreren Lichtdetektoren anzeigt, auf
der Grundlage der gemessenen Intensitat des
ersten Lichts;

Berechnen einer Steigung der Intensitat des
zweiten Lichts, die eine Anderung in der gemes-
senen Intensitat des zweiten Lichts gemaR ei-
nem Abstand zwischen der zweiten Lichtquelle
und jedem der Lichtdetektoren anzeigt, auf der
Grundlage der gemessenen Intensitatdes zwei-
ten Lichts; und

Berechnen eines Absolutwerts einer Differenz
zwischen der Steigung der Intensitat des ersten
Lichts und der Steigung der Intensitat des zwei-
ten Lichts als einen BlutgefaRausrichtungsin-
dex, der einen Grad an Ausrichtung der Vorrich-
tung zur Bestimmung einer biologischen Kom-
ponente mit BlutgefaRBen des Nutzers anzeigt,
auf der Grundlage der gemessenen Intensitat
des ersten Lichts und der gemessenen Intensi-
tat des zweiten Lichts.

Das Verfahren von Anspruch 8, in dem:

das Berechnen der Steigung der Intensitat des
ersten Lichts das Berechnen der Steigung der
Intensitat des ersten Lichts auf der Grundlage
der Intensitat des ersten Lichts, das von zumin-
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dest zwei ersten Lichtdetektoren der mehreren
Lichtdetektoren gemessen wird, unter Verwen-
dung einer Regressionsanalyse umfasst; und
das Berechnen der Steigung der Intensitat des
zweiten Lichts das Berechnen der Steigung der
Intensitat des zweiten Lichts auf der Grundlage
der Intensitat des zweiten Lichts, das von zu-
mindest zwei zweiten Lichtdetektoren der meh-
reren Lichtdetektoren entsprechend den zwei
ersten Lichtdetektoren gemessen wird, unter
Verwendung einer Regressionsanalyse um-
fasst.

10. Das Verfahren von einem der Anspriiche 8 und 9, in

dem:

das Berechnen der Steigung der Intensitat des
ersten Lichts das Berechnen eines Quotienten
aus der Intensitat des ersten Lichts, das von
zwei ersten Lichtdetektoren der mehreren Licht-
detektoren gemessen wird, als die Steigung der
Intensitat des ersten Lichts umfasst; und

das Berechnen der Steigung der Intensitat des
zweiten Lichts das Berechnen eines Quotienten
aus der Intensitat des zweiten Lichts, das von
zwei zweiten Lichtdetektoren der mehreren
Lichtdetektoren gemessen wird, als die Stei-
gung der Intensitat des zweiten Lichts umfasst.

11. Das Verfahren von einem der Anspriiche 8 bis 10,

das weiterhin umfasst, in Reaktion darauf, dass die
Lichtdetektoranordnung und die mehreren Licht-
quellen an Positionen platziert sind, fiir die der Blut-
gefalausrichtungsindex kleiner als ein vorbestimm-
ter Wert ist, eine biologische Komponente eines Nut-
zers unter Verwendung von zumindest einer der
mehreren Lichtquellen und zumindest einem der
mehreren Lichtdetektoren zu bestimmen, wobei die
biologische Komponente insbesondere Blutglukose,
Triglycerid und Cholesterol umfasst.

Revendications

Appareil d’estimation de composant biologique,
comprenant :

une rangée de détecteurs de lumiére, en parti-
culier, une rangée de détecteurs de lumiere li-
néaire, comprenant une pluralité de détecteurs
de lumiére ;

une pluralité de sources de lumiére comprenant
une premiére source de lumiere disposée a une
premiére extrémité de la rangée de détecteurs
de lumiere et une seconde source de lumiere
disposée a une seconde extrémité de la rangée
de détecteurs de lumiére ; et

un processeur configuré pour calculer un indice
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d’alignement de vaisseau sanguin, qui indique
un degré d’alignement de 'appareil d’estimation
de composant biologique par rapport aux vais-
seaux sanguins d’un-e utilisateur-trice, surla ba-
se d’'une intensité d’une premiére lumiere qui
est émise depuis la premiere source de lumiére
et mesurée par la rangée de détecteurs de lu-
miére lorsque la premiére lumiére est renvoyée
de l'utilisateur-trice, et une intensité d’'une se-
conde lumiére qui est émise depuis la seconde
source de lumiére vers ['utilisateur-trice et me-
surée par la rangée de détecteurs de lumiere
lorsque la seconde lumiéere estrenvoyée de I'uti-
lisateur-trice,

ou le processeur est en outre configuré pour
calculer :

sur la base de l'intensité mesurée de la pre-
miere lumiére, une pente d’intensité de la
premiére lumiére qui indique un change-
ment dans l'intensité mesurée de la premie-
re lumiére en fonction d’une distance entre
la premiere source de lumiére et chacun de
la pluralité des détecteurs de lumiére ;

sur la base de l'intensité mesurée de la se-
conde lumiéere, une pente d’intensité de la
seconde lumiére qui indique un change-
ment dans l'intensité mesurée de la secon-
de lumiere en fonction d’'une distance entre
la seconde source de lumiere et chacun de
la pluralité des détecteurs de lumiere ; et
l'indice d’alignement de vaisseau sanguin
comme une valeur absolue d’'une différence
entre la pente d’intensité de la premiére lu-
miere et la pente d’intensité de la seconde
lumiére.

2. Appareil selonlarevendication 1, le processeur étant

configuré pour calculer, en utilisant une analyse de
régression :

la pente d’'intensité de la premiére lumiére sur
la base de I'intensité de la premiére lumiére qui
est mesurée par au moins deux premiers détec-
teurs de lumiére de la pluralité des détecteurs
de lumiére ; et

la pente d’intensité de la seconde lumiére sur la
base de I'intensité de la seconde lumiére qui est
mesurée parau moins deux seconds détecteurs
de lumiére de la pluralité des détecteurs de lu-
miere correspondant aux au moins deux pre-
miers détecteurs de lumiére.

Appareil selon l'une des revendications précéden-
tes, dans lequel une distance entre la seconde sour-
ce de lumiére et les au moins deux seconds détec-
teurs de lumiére est égale a une distance entre la
premiére source de lumiére et les au moins deux



27 EP 3 459 440 B1 28

premiers détecteurs de lumiére.

Appareil selon 'une des revendications précéden-
tes, dans lequel le processeur est configuré pour
calculer :

un rapport de I'intensité de la premiére lumiére,
qui estmesuré par deux premiers détecteurs de
lumiére de lapluralité des détecteurs de lumiére,
comme la pente d’intensité de la premiére
lumiére ; et

un rapport de l'intensité de la seconde lumiere,
qui est mesuré par deux seconds détecteurs de
lumiére de la pluralité des détecteurs de lumiéere
correspondant aux deux premiers détecteurs de
lumiére, comme la pente d’intensité de la secon-
de lumiére.

Appareil selon 'une des revendications précéden-
tes, comprenant en outre un ajusteur de position
configuré pour ajuster les positions de la rangée de
détecteurs de lumiére et la pluralité des sources de
lumiere sur la base de I'indice d’alignement de vais-
seau sanguin calculé, en particulier, de sorte que
l'indice d’alignement de vaisseau sanguin est infé-
rieur a une valeur prédéterminée.

Appareil selon 'une des revendications précéden-
tes, dans lequel le processeur est configuré pour gé-
nérer des informations guides qui indiquent une po-
sition de I'appareil d’estimation de composant biolo-
gique qui permet a l'indice d’alignement de vaisseau
sanguin d’étre inférieur a une valeur prédéterminée.

Appareil selon 'une des revendications précéden-
tes, dans lequel le processeur est configuré pour, en
réponse a la rangée de détecteurs de lumiere et la
pluralité des sources de lumiere étant placée a une
position ou I'indice d’alignement de vaisseau san-
guin est inférieur a une valeur prédéterminée, esti-
mer un composant biologique d’un-e utilisateur-trice
en utilisant au moins 'une des sources de lumiére
et au moins 'une de la pluralité des détecteurs de
lumiere, ou, en particulier, le composant biologique
comprend du glucose, un triglycéride, et du choles-
térol sanguins.

Procédé de fonctionnement d’un appareil d’estima-
tion de composant biologique, qui comprend une
rangée de détecteurs de lumiére, en particulier, une
rangée de détecteurs de lumiere linéaire, compre-
nant une pluralité de détecteurs de lumiére et une
pluralité de sources de lumiere incluantune premiére
source de lumiére disposée a une premiéere extré-
mité de la rangée de détecteurs de lumiére et une
seconde source de lumiére disposée a une seconde
extrémité de la rangée de détecteurs de lumiére, le
procédé comprenant :
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la mesure d’une intensité d’'une premiéere lumié-
re qui est émise depuis la premiere source de
lumiére vers un-e utilisateur-trice et reflétée ou
diffusée depuis l'utilisateur-trice ;

lamesure d’'uneintensité d’'une seconde lumiére
qui est émise depuis la seconde source de lu-
miere vers I'utilisateur-trice et est reflétée ou dif-
fusée par l'utilisateur-trice ;

surlabase de l'intensité mesurée de la premiére
lumiére, le calcul d’'une pente d’intensité de la
premiére lumiére qui indique un changement
dans l'intensité mesurée de la premiére lumiére
en fonction d’'une distance entre la premiére
source de lumiére et chacun de la pluralité des
détecteurs de lumiére ;

surlabase de I'intensité mesurée de la seconde
lumiére, le calcul d’'une pente d’intensité de la
seconde lumiére qui indique un changement
dans l'intensité mesurée de la seconde lumiére
en fonction d’une distance entre la seconde
source de lumiere et chacun des détecteurs de
lumiére et

le calcul d’'une valeur absolue d’une différence
entre la pente d’intensité de la premiére lumiére
et la pente d’intensité de la seconde lumiére
comme unindice d’alignement de vaisseau san-
guin, qui indique un degré d’alignement de I'ap-
pareil d’estimation de composant biologique par
rapport aux vaisseaux sanguins de I'utilisa-
teur-trice, sur la base de l'intensité mesurée de
la premiere lumiére et de I'intensité mesurée de
la seconde lumiére.

Procédé selon la revendication 8, dans lequel :

le calcul de la pente d’intensité de la premiére
lumiére comprend le calcul, en utilisantune ana-
lyse de régression, de la pente d’intensité de la
premiére lumiére sur la base de l'intensité de la
premiére lumiére qui est mesurée par au moins
deux premiers détecteurs de lumiére de la plu-
ralité des détecteurs de lumiére ;

le calcul de la pente d’intensité de la seconde
lumiere comprend le calcul, en utilisant'analyse
de régression, de la pente d’intensité de la se-
conde lumiére sur la base de l'intensité de la
seconde lumiére qui est mesurée par au moins
deux seconds détecteurs de lumiére de la plu-
ralité des détecteurs de lumiére correspondant
aux au moins deux premiers détecteurs de lu-
miére.

10. Procédé selon I'une des revendications 8 et 9, dans

lequel :

le calcul de la pente d’intensité de la premiére
lumiére comprend le calcul d’un rapport de I'in-
tensité de la premiére lumiere, qui est mesuré
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par deux premiers détecteurs de lumiére de la
pluralité des détecteurs de lumiere, comme la
pente d’intensité de la premiére lumiére ; et

le calcul de la pente d’intensité de la seconde
lumiére comprend le calcul d’un rapport de I'in-
tensité de la seconde lumiére, qui est mesuré
par deux seconds détecteurs de lumiére de la
pluralité des détecteurs de lumiére correspon-
dant aux deux premiers détecteurs de lumiére,
comme la pente d’intensité de la seconde lumié-
re.

11. Procédé selon I'une des revendications 8 a 10, com-
prenant en outre, en réponse a la rangée de détec-
teurs de lumiére etla pluralité des sources de lumiére
étant placée a une position ou l'indice d’alignement
de vaisseau sanguin est inférieur a une valeur pré-
déterminée, I'estimation d’'un composant biologique
d’un-e utilisateur-trice en utilisantau moins 'une des
sources de lumiére et au moins l'un de la pluralité
des détecteurs de lumiére, ol le composant biologi-
que, en particulier, comprend du glucose, un trigly-
céride, et du cholestérol sanguins.
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