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Description
BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The presentinvention relates to an apparatus and a method for measuring bio-information, and more particularly
to an apparatus and a method for measuring information about the skin and subcutaneous fat by using light.

2. Description of the Related Art

[0002] Various methods for measuring body fat or the thickness of subcutaneous fat have been known to the general
public. Methods for measuring the thickness of subcutaneous fat include a method for direct measurement using calipers,
a method using ultrasonic waves, a method using Computerized Tomography (CT), Magnetic Resonance Imaging (MRI),
and the like. The method for directly measuring the thickness of subcutaneous fat using calipers is inaccurate and
inconvenient, and causes pain. The method for measuring the thickness of subcutaneous fat by using ultrasonic waves,
or CT, or MRI require expensive equipment and experts. Also, since it is inconvenient to measure the thickness of
subcutaneous fat because of the need for devices for implementing the previously described methods, research on
measurement methods using light have been performed.

[0003] One methodfor measuring body fator the thickness of subcutaneous fat by using light corresponds to illuminating
light onto the surface of the skin of a living body, and then detecting light radiating from the surface of the skin due to
multiple scattering and converting the detected light to an electrical signal. This method has advantages in that it is non-
invasive, and has a short measurement time. Also, since an apparatus for implementing this method has a small size,
the apparatus has an advantage that it can measure the thickness of subcutaneous fat on occasion.

[0004] FIG. 1is aview illustrating an apparatus for measuring the thickness of subcutaneous fat according to the prior
art. Biological tissue 130 has a structure in which respective layers corresponding to muscle 132, subcutaneous fat 134,
and skin 136 having a thickness of 0.5 to 4 mm, are laminated in that order, and the skin 136 can be subdivided into a
horny layer, the outer skin, and the true skin. The above apparatus 100 includes a Light Emitting Diode (LED) 110 and
a PhotoDiode or PhotoDetector (PD) 120. The LED 110 and the PD 120 are separate from each other, and are arranged
on the surface of the skin 136. If the LED 110 irradiates light having a wavelength in the band of near infrared on the
surface of the skin 136, some light travels in a direction from the surface of the skin 136 to the muscle 132, some of the
light is directed to the surface of the skin 136 due to multiple scattering. Most of the light is absorbed by the muscle 132.
The PD 120 detects light radiating from the surface of the skin 136 and converts it to an electrical signal.

[0005] FIG. 2 is a graph illustrating a change in the output of the PD 120 as a function of the thickness of the subcu-
taneous fat 134 according to separation distances from the LED 110. The X axis represents the thickness of the sub-
cutaneous fat 134 in millimeters (mm), and the Y axis represents the output voltage of the PD 120 in Volts (V). Herein,
an 'SD’ represents a Separation Distance between the LED 110 and the PD 120. FIG. 2 depicts output curves corre-
sponding to cases where SDs equal 5 mm (expressed in a solid line including small squares), 10 mm (expressed in a
solid line including small circles), and 20 mm (expressed in a solid line including small triangles), respectively. To examine
the output curve relevant to each SD, it can be recognized that the thicker the subcutaneous fat 134 the more an output
of the PD 120 increases toward becoming saturated. Also, it can be determined that the more distant the SD becomes,
the wider the range of the thickness of the subcutaneous fat 134 that can be measured.

[0006] U.S. Patent No. 4,850,365, entitled "Near Infrared Apparatus and Method for Determining Percent Fat in a
Body", invented by Rosenthal et al., discloses technology in which light having a single wavelength is irradiated on the
surface of the skin, and then, percent body fat is measured by detecting light radiating from the surface of the skin due
to multiple scattering within the subcutaneous fat layer.

[0007] EP 0516251 (A2) discloses a method and a device for detecting the thickness of a layer of fat, in which the
layer of fat is illuminated at different sites. The light intensity emanating from the layer of fat is measured to determine
the illumination at the various sites, and the thickness of the layer of fat is inferred from the relationship of the various
intensities.

[0008] WO 9627325 (A1) discloses a device having a sensor with a rubber-elastic support. The latter has on the front
face of the sensor an annular groove and two annular lips. Light-emitting diodes are provided in the region of the front
face enclosed by the annular ring and the inner lip. Photo-semiconductors are provided behind the outer section of the
annular groove. A sensor is placed on a living body and the fluid pressure in the annular groove is lowered to below
atmospheric pressure which presses the sensor against the body.

[0009] EP 1627599 (A2) discloses an optical fat thickness meter including a light source section which is provided on
a measuring surface and which emits light to a living body, a photoreception section which is provided on the measuring
surface, and which receives the light passing the living body, a protruding section which is provided so as to surround
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the light source section and photoreception section substantially, and an arithmetic section which calculates information
with regard to a living body on the basis of the amount of the received light.

[0010] US 2006056661 (A1) discloses a method for the recognition of natural skin, wherein the skin surface is illumi-
nated at an irradiation point with light from the visible spectrum or the adjacent spectrum, wherein that part of the light
entering through the skin surface at the irradiation point, scattered in the skin, and exiting from the skin surface again,
is detected at a detection point, using a detector, and wherein the signal determined by the detector is passed to a
comparator and compared with stored data.

[0011] U.S. Patent No. 4,633,087, entitled "Near Infrared Apparatus for Measurement of Organic Constituents of
Material", invented by Rosenthal et al., discloses technology in which multiple rays of light having wavelengths different
from one another are irradiated on the surface of the skin, and then, percent body fat is measured by detecting rays of
light radiating from the surface of the skin due to multiple scattering within the subcutaneous fat layer.

[0012] However, since not only the thickness of subcutaneous fat but also the color and the thickness of the skin
affects the output of the PD, the prior technologies of bio-information measurement have problems in that an error in
percent body fat caused by the color and the thickness of the skin, or an error in the thickness of subcutaneous fat
cannot be effectively corrected.

SUMMARY OF THE INVENTION
[0013] The present invention provides an apparatus for measuring bio-information as defined in the claims.
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The above and other exemplary features, aspects, and advantages of the present invention will be more
apparent from the following detailed description taken in conjunction with the accompanying drawings, in which:

FIG. 1 is a view illustrating an apparatus for measuring the thickness of sub- cutaneous fat according to the
prior art;

FIG. 2 is a graph illustrating a change in the output of the PD as a function of the thickness of the subcutaneous
fat according to separation distances from the LED;

FIG. 3 is a plane view illustrating an apparatus for measuring bio-information according to a first exemplary
embodiment of the present invention;

FIG. 4 is a sectional view illustrating the apparatus for measuring bio- information depicted in FIG. 3;

FIG. 5 is a graph illustrating a correlation between a standard Melanin Index (MI) measured by a commercial
apparatus and an Ml measured by the apparatus for measuring bio-information depicted in FG. 4;

FIG. 6 is a graph illustrating changes of the thickness of the skin correspond- ing to measurement positions;

FIGs. 7t09 are graphs illustrating correlations between standard thicknesses of subcutaneous fat measured by a
commercial apparatus and thicknesses of subcutaneous fat measured by the apparatus for measuring
bio- information depicted in FG. 4;

FIG. 10 is a graph illustrating a correlation between a percent body fat meas- ured by a commercial apparatus
and a percent body fat measured by the apparatus for measuring bio-information;

FIG. 11 is a flowchart illustrating a control process of a controller depicted in FIG. 4;

FIG. 12 is a plane view illustrating an apparatus for measuring bio-information according to a second exemplary
embodiment of the present invention;

FIG. 13 is a sectional view of the apparatus for measuring bio-information taken along a line A-A in FIG. 12;

FIG. 14 is a plane view illustrating an apparatus for measuring bio-information according to a third exemplary
embodiment of the present invention;

FIG. 15 is a sectional view of the apparatus for measuring bio-information taken along a line B-B in FIG. 14; and

FIG. 16 is a sectional view illustrating an apparatus for measuring bio- information according to a fourth exemplary

embodiment of the pre- sent invention.
DETAILED DESCRIPTION OF THE INVENTION

[0015] Exemplary embodiments of the present invention are described in detail with reference to the accompanying
drawings. The description includes particulars, such as specific configuration elements that are provided to facilitate
more comprehensive understanding of the present invention, and it will be obvious to those of ordinary skill in the art
that prescribed changes in form and modifications may be made to the particulars in the scope of the present invention.
Further, in the following description of the present invention, a detailed description of known functions and configurations
incorporated herein are omitted when it may make the subject matter of the present invention rather unclear.
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[0016] FIG. 3 is a plane view illustrating an apparatus for measuring bio-information according to a first exemplary
embodiment of the presentinvention, and FIG. 4 is a sectional view illustrating the apparatus for measuring bio-information
depicted in FIG. 3. Biological tissue 270 has a structure in which respective layers corresponding to muscle 272, sub-
cutaneous fat 274, and skin 276 are laminated in that order. The apparatus 200 for measuring bio-information includes
a photo detector 210, multiple first light sources 220, multiple second light sources 230, a third light source 240, a Memory
(MEM) 260, an input device 265, and a Controller (CTRL) 250. In FIG. 3, the controller 250, the memory 260, and the
input device 265 all of which are depicted in FIG. 4 are not illustrated.

[0017] The photo detector 210 is arranged on the surface of the skin 276, and outputs an electrical signal converted
by photoelectric conversion from an input light. That is, the photo detector 210 detects input light that is transmitted
through the surface of the skin 276 and converts the detected light to an electrical signal. The photo detector 210 is
equipped with a light receiving surface at the lower end thereof, and the light receiving surface of the photo detector 210
can tightly contact with the surface of the skin 276, or can be separate from the skin. A conventional photo diode can
be used as photo detector 210.

[0018] Around the photo detector 210, one or more (four ‘4’ as an exemplary embodiment) first light sources 220 and
one or more (four '4’ as an exemplary embodiment) second light sources 230 are arranged alternately, where the first
light sources 220 and the second light sources 230 are separate from the photo detector 210 by the same distance, and
are arranged at the same intervals in a circumferential direction. That is, in a direction perpendicular to the direction of
a diameter thereof with the photo detector 210 as the center.

[0019] Each of the first light sources 220 is arranged on the surface of the skin 276 so as to be separate from the
photo detector 210, and radiates a first light (denoted in a solid line) having a first wavelength (e.g., 660 nm) in a band
(desirably, 600 to 750 nm) of visible light on the surface of the skin 276. The first light source 220 is equipped with a
light emitting surface at the lower end thereof, and the light emitting surface of the first light source 220 can tightly contact
with the surface of the skin 276, or can be separate from the surface of the skin. As the first light source 220, a conventional
LED or Laser Diode (LD) can be used.

[0020] Each of the second light sources 230 is arranged on the surface of the skin 276 so as to be separate from the
photo detector 210, and radiates a second light (denoted in a dotted line) having a second wavelength (e.g., 880 nm)
in a band (desirably, 750 to 1,000 nm) of near infrared rays on the surface of the skin 276. The second light source 230
is equipped with a light emitting surface at the lower end thereof, and the light emitting surface of the second light source
230 can tightly contact with the surface of the skin 276, or can be separate from the surface of the skin. As the second
light source 230, a conventional LED or LD can be used.

[0021] The third light source 240 is arranged on the surface of the skin 276 in such a manner as to be placed in a
more distant position from photo detector 210 than the first and the second light sources 220 and 230, and radiates a
third light (denoted as an alternated long and short dash line) having a third wavelength in the band of near infrared rays
on the surface of the skin 276. The third light source 240 is equipped with a light emitting surface at the lower end thereof,
and the light emitting surface of the third light source 240 can tightly contact with the surface of the skin 276, or can be
separate from the surface of the skin. As the third light source 240, a conventional LED or LD can be used. In the present
embodiment, the third wavelength is set so as to be the same as the second wavelength.

[0022] Each of the photo detector 210, the first light sources 220 and the second light sources 230, and the third light
source 240 can be separate from the skin, but in this case, optical coupling efficiency and the accuracy of measurement
caused by an alignment error can be reduced.

[0023] In the present embodiment, a typical distance between the photo detector 210 and the first and second light
sources 220 and 230 equals 2 millimeters (mm), and a distance between the photo detector 210 and the third light
source 240 equals 10 mm. Desirably, a distance between the photo detector 210 and the first and second light sources
220 and 230 is equal to or shorter than 5 mm, and a distance between the photo detector 210 and the third light source
240 is equal to or longer than 10 mm. Since the first and the second light sources 220 and 230 are used to measure
information about the skin 276, in order to reduce the influence depending on the thickness of the subcutaneous fat 274,
it is desirable that the distance between the photo detector 210 and the first and second light sources 220 and 230 is
set so as to be equal to or shorter than 5 mm. Also, since the third light source 240 is used to measure information about
the subcutaneous fat layer 274, so that measuring a wide range of the thickness of the subcutaneous fat can be accom-
plished, it is desirable that the distance between the photo detector 210 and the third light source 240 is set so as to be
equal to or longer than 10 mm.

[0024] Collagen fiber included in the skin 276 has an unsymmetrical optical characteristic. In the present embodiment,
while multiple first light sources 220 are arranged evenly around the photo detector 210 in order to offset a directional
characteristic of the skin 276, a single first light source 220 can be used. For the same reasons as above, a single second
light source 230 can be used.

[0025] A light received by the photo detector 210 among the first lights is specifically referred to as a "first detection
light", a light received by the photo detector 210 among the second lights is specifically referred to as a "second detection
light", and a light received by the photo detector 210 among the third light is specifically referred to as a "third detection
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light."

[0026] Skin color is largely influenced by a Melanin Index (MI) and an erythema index. The Ml is used to classify a
human race, and the erythema index is determined by a distribution of capillary vessels and a distribution of blood
existing in the skin. The erythema index is easily affected by pressure applied to the skin, and has such a tendency that
variations classified by individuals are largely reduced due to blocking blood if the pressure is strong. Under these
conditions, skin color can be represented by using only the MI.

[0027] The MI can be defined by the following equation (1):

MI=A+Bln (1]/12) ..................................... (1)

where A and B represent first coefficients,

1, represents the intensity of the first detection light,
I, represents the intensity of the second detection light; and
In represents a natural logarithmic function.

[0028] The first coefficients A and B are found through numerical analysis such as a least square method, and at this
time, an MI (hereinafter, an Ml obtained by a commercial apparatus is referred to as a "standard MI") obtained by a
commercial apparatus for diagnosing skin color (e.g., a Mexameter MX18 manufactured by CK Electric company).
[0029] In providing numerical examples accompanied by various algorithms proposed in the present invention, exper-
imental conditions are adopted as a premise.

[0030] As the first light sources 220, an OPA6611 LED chip that the Knowledge-on company has released is used,
having a maximum current value equal to 145 milli-amperes (mA) while being driven with a pulse whose duty cycle is
8 %. As the second light sources 230, an OPA8732HP(F) LED chip that the Knowledge-on company has released is
used, having a maximum current value equal to 28 mA while being driven with a pulse whose duty cycle is 8 %. As the
third light source 240, an OPA8750T LED chip that the Knowledge-on company has released is used, having a maximum
current value equal to 290 mA while being driven with a pulse whose duty cycle is 8 %. As the photo detector 210, an
HPI-12N silicon photo diode that the Kodenshi Korea Company has released is used, which has a chip size of 1.2 mm
X 1.2 mm. A separation distance between the photo detector 210 and the first and second light sources 220 and 230,
in one aspect of the invention, equals 2 mm, and a separation distance between the photo detector 210 and the third
light source 240 equals 25 mm. The intensity (i.e., optical power) of each detection light corresponds to the value
computed by subtracting an intensity (the intensity of an ambient light, such as natural light, lighting, etc.) measured by
the photo detector 210, in a state where relevant light sources stop operating, from an intensity detected by the photo
detector 210 in a state where relevant light sources operate. A clinical trial has been conducted with adult males in the
age range of twenty to fifty and adult females in the age range of twenty to thirty as a target.

NUMERICAL EXAMPLE 1

[0031] FIG. 5 is a graph illustrating a correlation between a standard Melanin Index (MI) measured by a commercial
apparatus and an MI measured by the apparatus, in accordance with the principles of the invention, for measuring bio-
information.

[0032] In FIG. 5, the X axis represents a standard Melanin Index (MI) measured by the commercial apparatus, and
the Y axis represents an MI measured by the apparatus 200 for measuring bio-information. Each MI measured by the
apparatus 200 is represented as a small square. In the present numerical example 1, a measured Ml is computed by
using equation (1), and the respective first coefficients A and B are set to '280.14’ and '-575.01". The two melanin indices
A and B show a correlation coefficient of about '0.921".

[0033] The intensity of a detection light detected by the photo detector 210 varies depending on the color and the
thickness of the skin 276, and in addition to this, optical characteristics, such as sex, age, height, weight, and the like,
that affect the intensity of a detection light.

[0034] The Subcutaneous Adipose Tissue (SAT) of the subcutaneous fat 274 is given as a function of optical charac-
teristics that an intensity /5 of the third detection light having a wavelength of 880 nm, the skin 276, the subcutaneous
fat 274, and the muscle 272 have, and is defined by the following equation (2):

SAT = (1, GEN, AGE, HT, WT, SC, ST) -+« +«+ = eveesnce @)
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where GEN represents sex distinction, AGE represents age, HT represents height, WT represents weight, SC represents
skin color, and ST represents the thickness of the skin.

[0035] FIG. 6is a graphillustrating changes of the thickness of the skin corresponding to measurement positions. The
thickness of the skin has been measured by using Computerized Tomography (CT), and with 34 Korean females in their
twenties as a target, biceps, triceps, upper abdomen, lower abdomen, front thigh, inner thigh, lateral thigh, rear thigh,
and calf have been measured. As illustrated, since a variation of the thickness of the skin in each measurement position
is not large, in equation (2), it is possible to substitute the thickness of the skin with a measurement position.

SAT = f (I, GEN, AGE, HT, WT, SC, POS) -+ + =t rescerreses (3)

where POS denotes a measurement position.
[0036] As expressed in equation (4), skin color can be substituted by an MI, and height (HT) and weight (WT) can be
represented by using a Body Mass Index (BMI).

SAT = f(/,, GEN, AGE, BMI, MI, POS),
and
BMI = WT [Kg]/ HT? ) R R 4)

[0037] In equation (4), if the intensity of the third detection light, the BMI, and the MI are specified as variables and
the remaining factors are specified as coefficients, equation (4) can be represented as:

SATP =ﬁ.(13,BM1,M1) .................................. (5)

where SATp represents the thickness of subcutaneous fat classified by measurement positions.
[0038] Also, equation (5) can be expressed as:

SAT, = f, I,y , BMI)

and

IMI = 13 /(Il /12) ........................................... (6)

[0039] In equation (6), a function fp is specifically expressed as the following equation (7).

SATP =fP(IMI’BM) = CP +DPBMI+EP1MI .................... (7)

[0040] In equation (7), second coefficients Cp, Dp, and Ep can be found through multiple regression analysis in which,
with sex distinction, age, and measurement positions specified as constants, a process for substituting SATp, measured
by CT, I, measured by the apparatus 200 and BMI obtained by a user’s input into equation (7) is repeated. The multiple
regression analysis can also be applied to equation (5).
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[0041] FIG. 7 is a graph illustrating a correlation between the standard thickness of subcutaneous fat measured by a
commercial apparatus and the thickness of subcutaneous fat measured by the apparatus 200.

[0042] InFIG.7,the X axis represents the standard thickness of subcutaneous fat measured by acommercial apparatus
(e.g., an ultrasonic apparatus), and the Y axis represents the thickness of subcutaneous fat measured by the apparatus
200. The standard thickness and the thickness of subcutaneous fat have a correlation coefficient of about '0.95’ there-
between. The thickness of subcutaneous fat has been measured by using CT, and with 13 Korean females in their
twenties as a target, biceps, triceps, upper abdomen, lower abdomen, front thigh, inner thigh, lateral thigh, rear thigh,
and calf have been measured.

NUMERICAL EXAMPLE 2

[0043] FIG. 8is a graph illustrating a correlation between the standard thickness of subcutaneous fat measured by a
commercial apparatus and the thickness of subcutaneous fat measured by the apparatus 200.

[0044] In FIG. 8, the X axis represents the standard thickness of subcutaneous fat measured by a commercial appa-
ratus, and the Y axis represents the thickness of subcutaneous fat measured by the apparatus 200 in accordance with
the principles of the invention. Each thickness of subcutaneous fat measured by the apparatus 200 is represented as a
small square, and a clinical trial has been conducted with males as a target. In the present numerical example 2, each
measured thickness of subcutaneous fat has been computed by using equation (7), and the second coefficients Cp, Dp,
and Ep are given as in TABLE 1, depending on measurement positions. The standard thickness and the thickness of
subcutaneous fat have a correlation coefficient of about '0.932’ therebetween.

TABLE 1

Cp Dp Ep
biceps -3.016 0.159 25.705
calf 0.693 0.062 23.506
front thigh -4.756 0.325 | 22.841
lower abdomen | -27.105 | 1.592 24.771
flank -3.075 0.404 16.865
triceps -2.327 0.180 15.673

NUMERICAL EXAMPLE 3

[0045] FIG. 9is a graph illustrating a correlation between the standard thickness of subcutaneous fat measured by a
commercial apparatus and the thickness of subcutaneous fat measured by the apparatus 200.

[0046] In FIG. 9, the X axis represents the standard thickness of subcutaneous fat measured by a commercial appa-
ratus, and the Y axis represents the thickness of subcutaneous fat measured by the apparatus 200 for measuring bio-
information. Each thickness of subcutaneous fat measured by the apparatus 200 for measuring bio-information is rep-
resented as a small square, and a clinical trial has been conducted with females as a target. In the present numerical
example 3, each measured thickness of subcutaneous fat has been computed by using equation (7), and the second
coefficients Cp, Dp, and Ep, depending on measurement positions, are given as in TABLE 2,. The standard thickness
and the thickness of subcutaneous fat have a correlation coefficient of about '0.926’ therebetween.

TABLE 2

Cp Dp Ep
Biceps -5.680 0.490 6.989
Calf 2.507 0.155 18.304
front thigh -5.244 0.446 15.410
inner thigh -7.443 0.959 14.074
lower abdomen | -20.776 | 1.709 25.000
Flank -13.463 | 1.213 6.909
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(continued)
triceps -7.170 0.772 8.265

[0047] A percent body fat can be defined by the following equation (8).

PBFP =FP +GI'BMI+HI’AGE+1P1MI ........................ (8)

[0048] In equation (8), third coefficients Fp, Gp, Hp, and Ip can be found through multiple regression analysis in which,
with sex distinction and measurement positions specified as constants, a process for substituting PBFp measured by
CT, I, measured by the apparatus 200 for measuring bio-information, and both AGE and BMI obtained by a user’s input
into equation (8) is repeated.

NUMERICAL EXAMPLE 4

[0049] FIG. 10 is a graph illustrating a correlation between a percent body fat measured by a commercial apparatus
and a percent body fat measured by the apparatus 200 for measuring bio-information.

[0050] In FIG. 10, the X axis represents a standard percent body fat measured by a commercial apparatus (e.g., a
Bioelectric Impedance Analysis (BIA) apparatus), and the Y axis represents the percent body fat measured by the
apparatus 200 for measuring bio-information. Each percent body fat measured by the apparatus 200 is represented as
a small square, and a clinical trial has been conducted with both males and females as targets. In the present numerical
example 3, each measured percent body fat has been computed by using equation (8), the lower abdomen has been
measured in the case of every male, and the fleshy inside of the thigh has been measured in the case of every female.
In the case of males, the third coefficients Fp, Gp, Hp, and Ip are given respectively as -14.693, 1.303, 0.067 and 10.833,
and in the case of females, the third coefficients Fp, Gp, Hp, and I are respectively given as -3.009, 1.142, 0.088 and
13.339. The standard percent body fat and the percent body fat have a correlation coefficient of about 0.905 therebetween.
[0051] Referring to FIG. 3 again, the input device 265 functions as an interface for receiving basic bio-information,
including sex distinction, age, height, weight, etc., from a user. For instance, the input device 256 can be embodied with
a keypad conventionally provided to a handheld device, including a wireless mobile terminal and the like.

[0052] The memory 260 stores a table required to express relations between the basic bio-information and the second
coefficients necessary to compute the basic bio-information and the thickness of subcutaneous fat. Namely, in the table,
the basic bio-information (e.g., data sets expressed as {sex distinction, age, and measurement positions}) and coefficient
sets (e.g., data sets represented as {Cp, Dp, and Ep}) corresponding to the basic bio-information are recorded.

[0053] The controller 250 enables the memory 260 to store the basic bio-information provided from the input device
265, enables the first light sources 220, the second light sources 230 and the third light source 240 to be driven one by
one, and computes skin color (i.e., an Ml) and the thickness of subcutaneous fat on the basis of the intensities of the
first to third detection lights sequentially detected by the photo detector 210 and the table. The controller 250 can then
compute the percent body fat. To this end, the controller 250 is electrically connected with the photo detector 210, the
first light sources 220, the second light sources 230 and the third light source 240, receives an output signal from the
photo detector 210, and outputs a driving signal to each of the first light sources 220, the second light sources 230 and
the third light source 240. The controller 250 substitutes a BMI computed by equation (4) for height and weight among
the basic bio-information provided from the input device 265, and enables the substituted BMI to be stored.

[0054] In the present embodiment, while it is exemplified that the first light sources 220, the second light sources 230
and the third light source 240 are driven in turn, drive order can be optionally determined.

[0055] FIG. 11isaflowchartillustrating a control process of the controller 250. The controller 250 performs the following
steps S 1 to S4.

[0056] In step S1, the basic bio-information, including sex distinction, age, height, weight, measurement positions,
etc., is input from a user by using the input device 265.

[0057] In step S2, intensities of the first to the third detection lights are detected. The controller 250 enables the first
light sources 220, the second light sources 230 and the third light source 240 to be driven in turn, and senses intensities
of the first to the third detection lights sequentially detected by the photo detector 210. An electrical signal provided from
the photo detector 210 has a voltage level depending on the intensity of light input into the photo detector 210. The
controller 250 can correspond to a digital device which is not equipped with an analog/digital interface, or the photo
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detector 210, the first light sources 220, the second light sources 220, and the third light source 240 can correspond to
analog devices which are not equipped with an analog/digital interface. In this case, an analog-to-digital converter can
be connected between the controller 250 and the photo detector 210, and a digital-to-analog converter can be connected
between the controller 250 and each of the first to the third light sources 220, 230, and 240.

[0058] In step S3, skin colors equivalent to the intensities of the first and the second detection lights are determined.
Skin color (i.e., an MI) can be computed by substituting the intensities of the first and the second detection lights into
equation (1).

[0059] In step S4, the thickness of subcutaneous fat is determined on the basis of the basic bio-information, the
intensities of the first to the third detection lights, and the values stored in a table as described above.

[0060] First, the controller 250 determines three coefficients corresponding to the basic bio-information. This step can
be regarded as a process for mapping the basic bio-information to the three coefficients. Since the table has discrete
data sets (i.e., {sex distinction, age, and measurement positions} and {Cp, Dp, and Ep}), if the basic bio-information is
given, the three coefficients corresponding to the basic bio-information can be determined through an approximation
algorithm. For example, basic bio-information which is the most approximate to basic bio-information given in the table
is found, or three coefficients which are approximate through interpolation can be computed.

[0061] Second, the controller 250 substitutes the three determined coefficients, the intensities of the first to the third
detection lights, and the BMI (or height and weight) into equation (7), and then computes the thickness of subcutaneous fat.
[0062] Subsequently, the controller 250 can display skin color and the thickness of subcutaneous fat. To this end, the
apparatus 200 for measuring bio-information can further include a display device, such as a Liquid Crystal Display (LCD),
which is electrically connected with the controller 250.

[0063] The apparatus 200 for measuring bio-information according to the present invention can be applied to a mobile
terminal or a wearable device, such as a mobile phone, a Personal Digital Assistant (PDA), etc., and can be modularized
so as to form a single body with the mobile terminal or so as to be installable into the mobile terminal. The apparatus
200 may include at least one photo detector 210, at least one first light source 220, at least one second light source 230,
at least one third light source 240 and a controller 250, and the output of the photo detector 210 is output to a mobile
phone by wire, or the output of the photo detector 210 can be output to a mobile terminal \ wirelessly using an antenna.
In such cases, the controller 250 performs only the function for enabling the first light sources 220, the second light
sources 230 and the third light source 240, and since a mobile terminal is conventionally equipped with a control unit
and a memory, the control unit of the mobile terminal can perform steps for computing the above-described skin color
and the thickness of subcutaneous fat.

[0064] When considering a directional characteristic of biological tissue, it is necessary that not only the number of
the first and the second light sources 220 and 230, but also the number of the third light sources 240 increase in order
to surround the photo detector 210.

[0065] However, since a manufacturing cost of the apparatus 200 for measuring bio-information increases in the above
case, in the following embodiments, structures will be proposed in which the number of light sources is minimized by
using a waveguide, and simultaneously, errors caused by a directional characteristic of biological tissue can be corrected.
[0066] FIG. 12is aplane view illustrating an apparatus for measuring bio-information according to a second exemplary
embodiment of the present invention, and FIG. 13 is a sectional view taken along line A-A in the apparatus for measuring
bio-information. Since the apparatus 300 for measuring bio-information has a configuration and the functions similar to
those of the apparatus 200 depicted in FIG. 3 the difference between the apparatus 200 and the apparatus 300 is a
larger number of third light sources 240A and a larger number of waveguides. Similar elements will be designated by
the same reference numerals, and an overlapping description will be omitted. The apparatus 300 for measuring bio-
information includes a photo detector 210, multiple first light sources 220, multiple second light sources 230, multiple
third light sources 240A, a waveguide 310, a memory 260, an input device 265, and a controller 250. In FIG. 12, the
controller 250, the memory 260, and the input device 265 which are depicted in FIG. 13 are not illustrated.

[0067] The photo detector 210 is arranged on the surface of the skin (not shown), and outputs an electrical signal that
is converted by photoelectric conversion from an input light. The photo detector 210 detects light radiating from the
surface of the skin and outputs an electrical signal.

[0068] Positioned around the photo detector 210, the first four light sources 220 and the second four light sources 230
are arranged alternately, where the first four light sources 220 and the second four light sources 230 are separate from
the photo detector 210 at the same distance, and are arranged at the same intervals in a circumferential direction.
[0069] Each of the four first light sources 220 is arranged on the surface of the skin so as to be separate from the
photo detector 210, and radiates a first light having a first wavelength (e.g., 660 nm) in the band of visible light on the
surface of the skin.

[0070] Each of the four second light sources 230 is arranged on the surface of the skin so as to be separate from the
photo detector 210, and radiates a second light having a second wavelength (e.g., 940 nm) in the band of near infrared
rays on the surface of the skin.

[0071] The waveguide 310 has a shape of a circular ring, is arranged on the surface of the skin so as to surround the



10

15

20

25

30

35

40

45

50

55

EP 2 016 890 B1

photo detector 210 and the first and second light sources 220 and 230, has an inner circumferential surface and an outer
circumferential surface opposite each other, and has an upper surface and a lower surface opposite each other. At this
time, the lower surface of the waveguide 310 functions as an output end, and can be in tight contact with the surface of
the skin or can separate from it. A sectional surface perpendicular to a circumferential direction (i.e., a direction perpen-
dicular to the direction of a diameter of the waveguide 310) thereof has a square shape. The waveguide 310 has a larger
refractive index than air or the skin, and light travels in the manner of total reflection in a circumferential direction inside
the waveguide 310. The waveguide 310 can be implemented by using material, such as polycarbonate, acryl-based
resin, etc. that has a transparent characteristics with respect to a wavelength of a third light, and can be manufactured
by injection molding or other similar methods. Otherwise, the waveguide 310 can be embodied with rubber material that
has a transparent characteristic with respect to the wavelength of the third light, and preferably, can be realized with
material such as polyurethane, silicon, and the like.

[0072] The upper surface of the waveguide 310 is equipped with multiple light extracting patterns 320 formed to output
light traveling to the inside of the waveguide 310 to the outside of the waveguide 310 through the lower surface thereof.
Each of the light extracting patterns 320 scatters an incident light. The light extracting patterns 320 are formed symmet-
rically with the center of curvature of the waveguide 310 as the reference. By destroying a total internal reflection condition
at a boundary between the waveguide 310 and air or the skin with respect to an incident light, each of the light extracting
patterns 320 allows light to transmit through the lower surface of the waveguide 310. Since a part of light scattered to
the lower surface of the waveguide 310 by the light extracting patterns 320 does not satisfy a total reflection condition
(i.e., in a case where an incident angle is smaller than a critical angle), the part of scattered light transmitted through
the lower surface of the waveguide 310, and is outputted (radiated) to the outside of the waveguide 310. Also, as both
light traveling as it stands without being scattered by the light extracting patterns 320 and the rest of the scattered light
satisfy the total reflection condition, the traveling light and the rest of the scattered light continue to travel inside the
waveguide 310, and are then incident to different light extracting patterns. Each of the light extracting patterns 320 can
be either a scratch, concave-convex, a prism pattern, or other similar light diverting patterns, formed by either printing,
photolithography, lasing, and/or stamping. Each of the light extracting patterns 320 can have solid structures with various
shapes, such as a cone, a hemisphere, a hexahedron, a triangular pyramid, a quadrangular pyramid, and so forth, and
can be formed in a shape of intaglio or an embossed shape on the upper surface of the waveguide 310. Selectively,
desired light extracting patterns are applied to a mold, and the waveguide 310 and the light extracting patterns 320 can
be simultaneously formed through injection molding using the mold. Each of the light extracting patterns 320 can be
provided in a form of Bragg grating, etc., that has a periodic variation of a refractive index, and this kind of variation of
a refractive index can be implemented through polling, the irradiation of ultraviolet rays, and the like. The light extracting
patterns 320 can be formed on the lower surface of the waveguide 310. In the present embodiment, while the light
extracting patterns 320 is limited to scattering an incident light, other than this the light extracting patterns 320 can be
provided in a form of a coating layer, etc., that has a refractive index (e.g., a refractive index similar to a refractive index
of the waveguide 310) that destroys a total internal reflection condition. In the present embodiment, while multiple light
extracting patterns are limited to being formed on the upper surface of the waveguide 310, a single light extracting pattern
continuously formed all over the upper surface of the waveguide 310 can exist.

[0073] Thethirdlightsources240A are symmetrically arranged with the photo detector 210 as the center, and respective
output ends of the third light sources 240A face the outer circumferential surface of the waveguide 310. Each of the third
light sources 240A couples a third light having a second wavelength in the band of near infrared rays to the inside of
the waveguide 310.

[0074] Since light coupled from each of the third light sources 240A to the inside of the waveguide 310 attenuates by
degrees while traveling in a circumferential direction of the waveguide 310 in the manner of total reflection, in the
waveguide 310, the amount of light that transmits a part nearer to the third light sources 240A can be larger than the
amount of light that transmits a part which is more distant from the third light sources 240A. So as to solve these problems,
the density or the size of the light extracting patterns 320 in a position nearer to the third light sources 240A is set to be
different from the density or the size of the light extracting patterns 320 in a position which is more distant from the third
light sources 240A, and with this, an overall distribution of the amount of light that appears on the lower surface of the
waveguide 310 can be adjusted, regardless of a distance from the third light sources 240A. For instance, with the third
light sources 240A as the reference, the density of light extracting patterns 320 in a relatively near position can be set
to be low, and the density of light extracting patterns 320 in arelatively distant position can be setto be progressively higher.
[0075] FIG. 14 is a plane view illustrating an apparatus for measuring bio-information according to a third exemplary
embodiment of the present invention, and FIG. 15 is a sectional view taken along line B-B in the apparatus for measuring
bio-information. Since the apparatus 400 for measuring bio-information has a configuration and functions similar to that
of the apparatus 300 for measuring bio-information depicted in FIG. 12. The difference between the apparatus 300 and
the apparatus 400 is a larger number of first and the second light sources 220A and 230A. This allows for more arrange-
ments corresponding to the increased number of the first and the second light sources 220A and 230A than the apparatus
300. Further, a second waveguide 410 is included. Similar, elements are designated by the same reference numerals,
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and an overlapping description will be omitted. The apparatus 400 for measuring bio-information includes a photo detector
210, multiple first light sources 220A, multiple second light sources 230A, multiple third light sources 240A, first and the
second waveguides 310 and 410, a memory 260, an input device 265, and a controller 250.

[0076] The second waveguide 410, having a shape of a circular ring, is arranged on the surface of the skin so as to
surround the photo detector 210 and the first and second light sources 220 and 230. The second waveguide 410 has
an inner circumferential surface and an outer circumferential surface opposite each other, and has an upper surface
and a lower surface opposite each other. The lower surface of the second waveguide 410 functions as an output end,
and can be tightly contact with the surface of the skin or can be separate from the skin surface. A sectional surface
perpendicular to a circumferential direction (i.e., a direction perpendicular to the direction of a diameter of the second
waveguide 410) thereof has a substantially square shape. The second waveguide 410 has a larger refractive index than
air or the skin, and light travels in the manner of total reflection in a circumferential direction inside the second waveguide
410. The second waveguide 410 can be implemented by using the same or similar material as that of first waveguide 310.
[0077] The upper surface of the second waveguide 410 is equipped with multiple light extracting patterns 420 formed
to output light traveling to the inside of the second waveguide 410 to the outside of the second waveguide 410 through
the lower surface thereof. Each of the light extracting patterns 420 scatters an incident light. The light extracting patterns
420 are formed symmetrically with the center of curvature of the second waveguide 410 as the reference. By destroying
a total internal reflection condition on a boundary surface between the second waveguide 410 and air or the skin with
respect to an incident light, each of the light extracting patterns 420 allows light scattered at the light extracting patterns
420 to transmit the lower surface of the second waveguide 410. Since a part of light scattered to the side of the lower
surface of the second waveguide 410 by the light extracting patterns 420 does not satisfy a total reflection condition
(i.e., in a case where an incident angle is smaller than a critical angle), the part of scattered light transmits through the
lower surface of the second waveguide 410, and is thus output outside of the second waveguide 410. Also, as both light
traveling as it stands without being scattered by the light extracting patterns 420 and the rest of the scattered light satisfy
the total reflection condition, the traveling light and the rest of the scattered light continue to travel inside the second
waveguide 410, and are then incident to different light extracting patterns. Each of the light extracting patterns 420 can
have the same shape as that of light extracting patterns 320 formed in the first waveguide 310.

[0078] Thefirstlightsources 220A are symmetrically arranged with the photo detector 210 as the center, and respective
output ends of the first light sources 220A face the outer circumferential surface of the second waveguide 410. The
second light sources 230A are symmetrically arranged with the photo detector 210 as the center, and respective output
ends of the second light sources 230A face the outer circumferential surface of the second waveguide 410. Each of the
first light sources 220A couples a first light having a first wavelength to the inside of the second waveguide 410, and
each of the second light sources 230A couples a second light having a second wavelength to the inside of the second
waveguide 410. In the present embodiment, while a single first light source 220A and a single second light source 230A
contact closely with each other to form a pair, with the photo detector 210 as the center, the first light sources 220A are
arranged on afirst axis, and the second light sources 230A can be arranged on asecond axis perpendicular to the first axis.
[0079] Inthe above-described embodiments, while a single photo detector is arranged right in the center of the appa-
ratus for measuring bio-information, and multiple light sources are arranged around the photo detector, a pair of light
sources may be arranged in the center of the apparatus, and multiple photo detectors can be arranged around the pair
of light sources.

[0080] FIG. 16isasectional view illustrating an apparatus for measuring bio-information according to afourth exemplary
embodiment of the present invention.

[0081] The apparatus for measuring bio-information 500 has a configuration and function similar to that of apparatus
200 depicted in FIG. 3. The, difference between the apparatus 200 and the apparatus 500 in the arrangements and the
number of photo detectors 210A and 210B and the arrangement and the number of first and second light sources 220B
and 230B. Therefore, similar elements shown in Figures 3 and 12 will be designated by the same reference numerals,
and an overlapping description will be omitted.

[0082] Biological tissue 270 has a structure in which respective layers corresponding to muscle 272, subcutaneous
fat 274, and skin 276 are laminated in that order. The apparatus 200 for measuring bio-information includes a first light
source 220B, a second light source 230B, a first photo detector 210A, a second photo detector 210B, a Memory (MEM)
260, an input device 265, and a Controller (CTRL) 250.

[0083] The first light source 220B is arranged on the surface of the skin 276, and radiates a first light having a first
wavelength (e.g., 660 nm) in the band of visible light on the surface of the skin 276.

[0084] The second light source 230B is arranged on the surface of the skin 276 so as to be in close contact with the
first light source 220B, and radiates a second light having a second wavelength (e.g., 880 nm) in the band of near infrared
rays on the surface of the skin 276.

[0085] The first photo detector 210A is arranged on the surface of the skin 276 so as to be separate from the first and
the second light sources 220B and 230B, and outputs an electrical signal which has been converted by photoelectric
conversion from an input light The second photo detector 210B is arranged on the surface of the skin 276 in such a
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manner as to be placed in a more distant position from the first and the second light sources 220B and 230B than the
first photo detector 210A, and outputs an electrical signal from an input light In the present embodiment, a distance
between the first photo detector 210A and the first and second light sources 220B and 230B equals 2 mm, and a distance
between the second photo detector 210B and the first and second light sources 220B and 230B equals 10 mm. Desirably,
a distance between the first photo detector 210A and the first and second light sources 220B and 230B is equal to or
shorter than 5 mm, and a distance between the second photo detector 210B and the first and second light sources 220B
and 230B is equal to or longer than 10 mm.

[0086] A light received by the first photo detector 210A among rays of the first light is specifically referred to as a "first
detection light", a light received by the first photo detector 210A among rays of the second light is specifically referred
to as a "second detection light", and a light received by the second photo detector 210B among rays of the second light
is specifically referred to as a "third detection light."

[0087] The memory 260 stores a table required to express relations between the basic bio-information and the second
coefficients necessary to compute the basic bio-information and the thickness of subcutaneous fat.

[0088] The controller 250 enables the first and the second light sources 220B and 230B to be driven one by one,
computes the color of the skin 276 on the basis of the intensities of the first and the second detection lights sequentially
detected by the first photo detector 210A, and computes skin color (i.e., an Ml) and the thickness of subcutaneous fat
274 on the basis of the intensity of the third detection light detected by the second photo detector 210B and the table.
To this end, the controller 250 is electrically connected with the first and second light sources 220B and 230B and the
first and second photo detectors 210A and 210B, receives output signals from the first and the second photo detectors
210A and 210B, and outputs a driving signal to each of the first and the second light sources 220B and 230B.

[0089] In the fourth embodiment of the present invention, while it is exemplified that the first and the second light
sources which output lights having wavelengths different from each other are used, lights having wavelengths different
from each other can be simultaneously output, or a single light source whose wavelength is variable can be used.
[0090] Also, in the embodiments of the present invention, while it is exemplified that only the color of the skin and the
thickness of subcutaneous fat are measured, various pieces of bio-information can be derived by using the first to the
third detection lights. For example, because a wavelength of near infrared rays is used, a pulse wave is measured at
the tip of the finger in which capillary vessels aggregate densely, and then, heart rate variability (in other words, stress)
can be derived. In addition, since a wavelength of near infrared rays and a wavelength of visible light are used simulta-
neously, oxygen saturation changes in the blood (i.e., percent SPO,) can also be measured. Besides, a waveform of
changes of blood flow volume of a peripheral artery (i.e., PhotoPlenthysmoGraphy; PPG), breathing rate per minute,
pulse, and the like can also be measured.

[0091] The merits and effects of exemplary embodiments, as disclosed in the present invention, and as so configured
to operate above, will be described as follows.

[0092] As described above, an apparatus for measuring bio-information according to the present invention is different
from the prior apparatus for measuring bio-information, in that it not only considers the influence of the skin the prior
apparatus for measuring bio-information, but also receives basic biological information from a user, thereby providing
amore accurate measurement of the thickness of subcutaneous fat by reflecting the received basic biological information.
[0093] Furthermore, in the apparatus for measuring bio-information according to the present invention, since a fewer
number of light sources can be employed by using a waveguide than in the prior apparatus, it is suitable for a mobile
terminal requiring a high economic efficiency.

[0094] The above-described controller according to the present invention can be realized in hardware or as software
or computer code that can be stored in a recording medium such as a CD ROM, an RAM, a floppy disk, a hard disk, or
a magneto-optical disk or downloaded over a network, so that the methods described herein can be rendered in such
software using a general purpose computer, or a special processor or in programmable or dedicated hardware, such
as an ASIC or FPGA. As would be understood in the art, the computer, the processor or the programmable hardware
include memory components, e.g., RAM, ROM, Flash, etc. that may store or receive software or computer code that
when accessed and executed by the computer, processor or hardware implement the processing methods described
herein.

[0095] While the invention has been shown and described with reference to certain exemplary embodiments thereof,
it will be understood by those skilled in the art that various changes in form and details may be made therein without
departing from the scope of the invention. Therefore, the scope of the presentinvention must be defined not by described
embodiments thereof but by the appended claims and equivalents of the appended claims.

Claims

1. An apparatus for measuring bio-information of a user, the apparatus (300; 400) comprising:

12



10

15

20

25

30

35

40

45

50

55

EP 2 016 890 B1

a device (265) for receiving basic bio-information of the user;

afirst light source (220; 220A) arranged on the surface of the skin radiating a first light having a first wavelength
onto the surface of the skin;

a second light source (230; 230A) arranged on the surface of the skin radiating a second light having a second
wavelength onto the surface of the skin;

a third light source (240A) arranged on the surface of the skin in such a manner as to be placed in a more distant
position from a photo detector (210) than the first and the second light sources, said third light source radiating
a third light having a third wavelength onto the surface of the skin;

the photo detector (210) detecting a first, a second and a third detection light which are transmitted through the
surface of the skin and generating corresponding electrical signals, said first, second and third detection light
corresponding to said light radiating from said first, second and third light sources;

a first waveguide (310) arranged to be positioned between the first and second light sources and the third light
source, the first waveguide having a shape of a circular ring and being equipped with a lower surface facing
the surface of the skin, an upper surface opposite the lower surface and a circumferential surface facing an
output end of the third light source, enabling the third light provided from the third light source to travel by total
reflection within said first waveguide to the outside of the first waveguide (310) through the lower surface thereof;
at least one light extracting pattern (320) formed on one of the lower and upper surfaces of the first waveguide
for directing the third light outside of the first waveguide (310); and

a control unit (250) for enabling the first to the third light sources to be driven in turn and for producing bio-
information of the user on the basis of the basic bio-information and intensities of the first to the third detection
lights.

2. The apparatus as claimed in claim 1, wherein the control unit (250) produces a Melanin Index (Ml) as:

MI=A+Bn (I,/1,),

where A and B represent preset coefficients,
14, represents the intensity of the first detection light,
I, represents the intensity of the second detection light and In represents the natural logarithmic function.

3. The apparatus as claimed in claim 1, wherein the control unit (250) computes the thicimess of subcutaneous fat as:

SAT, =C, +D,BMI +E,I,,,

Ly =L (1 /1),

BMI =WT / HT?,

where SATp represents the thickness of subcutaneous fat,
Cp, Dp and Ep represent preset coefficients,

14, represents the intensity of the first detection light,

I, represents the intensity of the second detection light,

I3 represents the intensity of the third detection light,

WT represents a weight of the user, and

HT represents a height of the user.

4. The apparatus as claimed in claim 1, wherein the control unit (250) computes the percent body fat as:
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PBF, = F, +G,BMI + H,AGE+1,1I,,,

IMI =]3 /(11/12),

and

BMI =WT | HT?,

where PBFp represents the percent body fat,

Fp, Gp, Hp and Ip represent preset coefficients,

1, represents the intensity of the first detection light,

I, represents the intensity of the second detection light,

I3 represents the intensity of the third detection light,

WT represents a weight of the user,

HT represents a height of the user, and AGE represents an age of the user.

The apparatus as claimed in claim 1, wherein the first wavelength belongs to a band of visible light, and the second
and the third wavelengths belong to a band of near infrared rays.

The apparatus as claimed in claim 1, further comprising:

asecondwaveguide (410) positioned between the photo detector and the firstand second light sources, enabling
the first or the second light provided from the first or the second light source to travel by total reflection within
the second waveguide; and

at least one light extracting pattern (420) for directing the first or the second light outside the second waveguide.

The apparatus as claimed in claim 6, wherein the second waveguide (410) has a shape of a circular ring, and is
equipped with a lower surface facing the surface of the skin, an upper surface opposite the lower surface and a
circumferential surface facing output ends of the first and second light sources, and the light extracting pattern (420)
is formed on one of the lower and upper surfaces of the second waveguide.

The apparatus of claim 3, further comprising:

amemory (260) for storing a table required to express relations between the basic bio-information and coefficients
necessary to compute a thickness of subcutaneous fat.

The apparatus as claimed in claim 4, further comprising:

amemory (260) for storing a table required to express relations between the basic bio-information and coefficients
necessary to compute a percent body fat.

The apparatus as claimed in claim 1, wherein said first (220; 220A) and second (230; 230A) light sources are
alternatively arranged around said photo detector (210).

The apparatus as claimed in claim 1, wherein said first (220; 220A) and second (230; 230A) light sources are
separated from said photo detector (210) by no more than 5 millimeters and the third light source (240A) is separated

from said photo detector by no less than 10 millimeters.

The apparatus as claimed in claim 11, wherein the firstwavelength is different from the second and third wavelengths,
the first wavelength is in a range of 600 nm to 750 nm and each of the second and third wavelengths is in a range
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of 750 nm to 1000 nm.

Patentanspriiche

1.

Gerat zum Messen von Bioinformationen eines Benutzers, wobei das Gerat (300; 400) Folgendes umfasst:

- eine Vorrichtung (265) zum Empfangen von grundlegenden Bioinformationen des Benutzers;

- eine erste Lichtquelle (220; 220A), die an der Oberflache der Haut angeordnet ist und ein erstes Licht, das
eine erste Wellenldnge aufweist, auf die Oberflache der Haut strahlt;

- eine zweite Lichtquelle (230; 230A), die an der Oberflache der Haut angeordnet ist und ein zweites Licht, das
eine zweite Wellenlange aufweist, auf die Oberflache der Haut strahlt;

- eine dritte Lichtquelle (240A), die an der Oberflache der Haut derart angeordnet ist, dass sie in einer weiter
entfernten Position von einem Photodetektor (210) angeordnet ist als die erste und die zweite Lichtquelle, wobei
die dritte Lichtquelle ein drittes Licht, das eine dritte Wellenlange aufweist, auf die Oberflache der Haut strahlt;
- wobei der Photodetektor (210) ein erstes, ein zweites und ein drittes Detektionslicht erkennt, die durch die
Oberflache der Haut hindurch tbertragen werden und entsprechende elektrische Signale generieren, wobei
das erste, zweite und dritte Detektionslicht dem Licht entspricht, das von den ersten, zweiten und dritten Licht-
quellen ausgestrahlt wird;

- einen ersten Wellenleiter (310), der angeordnet ist, um zwischen den ersten und zweiten Lichtquellen und der
dritten Lichtquelle angeordnet zu sein, wobei der erste Wellenleiter die Form eines kreisférmigen Rings aufweist
und mit einer unteren Oberflache, die der Oberflaiche der Haut zugewandt ist, einer oberen Oberflache, die der
unteren Oberflaiche gegeniberliegt, und einer umfangsmaRigen Oberflache, die einem Ausgangsende der
dritten Lichtquelle zugewandt ist, ausgestattet ist, die es dem dritten Licht ermdéglichen, das von der dritten
Lichtquelle bereitgestellt wird, sich durch Totalreflektion innerhalb des ersten Wellenleiters zum AuReren des
ersten Wellenleiters (310) durch die untere Oberflache desselben hindurch zu bewegen;

- mindestens ein Lichtextraktionsmuster (320), das auf einer der unteren und oberen Oberflachen des ersten
Wellenleiters gebildet ist, um das dritte Licht aus dem ersten Wellenleiter (310) heraus zu leiten; und

- eine Steuereinheit (250), damit die ersten bis dritten Lichtquellen abwechselnd angesteuert werden kénnen,
und um auf der Grundlage der grundlegenden Bioinformationen und der Intensitaten der ersten bis dritten
Detektionslichter Bioinformationen des Benutzers zu erzeugen.

2. Gerat nach Anspruch 1, wobei die Steuereinheit (250) einen Melaninindex (M) wie folgt erzeugt:

MI = A + B 1In(Ii/I,),

wobei A und B vorgegebene Koeffizienten sind,

11 die Intensitat des ersten Detektionslichts ist,

12 die Intensitat des zweiten Detektionslichts ist, und
In die natirliche logarithmische Funktion ist.

3. Gerat nach Anspruch 1, wobei die Steuereinheit (250) die Dicke des subkutanen Fetts wie folgt berechnet:

SATP = Cp + DPBMI + EPIMI/

Iyt = Is/(I:/13),

BMI = WT/HT?,
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wobei SAT die Dicke des subkutanen Fetts ist,
Cp, Dp und Ep vorgegebene Koeffizienten sind,
11 die Intensitat des ersten Detektionslichts ist,
12 die Intensitat des zweiten Detektionslichts ist,
13 die Intensitat des dritten Detektionslichts ist,
WT das Gewicht eines Benutzers ist, und

HT die Grolie eines Benutzers ist.

4. Gerat nach Anspruch 1, wobei die Steuereinheit (250) den Kérperfettanteil wie folgt berechnet:

PBFP = Fp + GPBMI + HPAGE + IPIMI/

Iyt = Is/(I:/13),

und

BMI = WT/HT?,

wobei PBFp der Kérperfettanteil ist,

Fp, Gp, Hp und Ip vorgegebene Koeffizienten sind,

I, die Intensitat des ersten Detektionslichts ist,

I, die Intensitat des zweiten Detektionslichts ist,

I3 die Intensitat des dritten Detektionslichts ist,

WT das Gewicht des Benutzers ist,

HT die GroRe des Benutzers ist, und AGE das Alter des Benutzers ist.

Gerat nach Anspruch 1, wobei die erste Wellenldnge zu einem Band von sichtbarem Licht gehdrt und die zweite
und die dritte Wellenlédnge zu einem Band von nahinfraroten Strahlen gehéren.

Gerat nach Anspruch 1, ferner umfassend:

- einen zweiten Wellenleiter (410), der zwischen dem Photodetektor und den ersten und zweiten Lichtquellen
positioniert ist und es dem ersten oder dem zweiten Licht, das von der ersten oder der zweiten Lichtquelle
bereitgestellt wird, ermdglicht, sich durch Totalreflektion innerhalb des zweiten Wellenleiters zu bewegen; und
- mindestens ein Lichtextraktionsmuster (420) zum Leiten des ersten oder des zweiten Lichtes aus dem zweiten
Wellenleiter hinaus.

Gerat nach Anspruch 6, wobei der zweite Wellenleiter (410) eine Form eines kreisférmigen Rings aufweist und mit
einer unteren Oberflache, die der Oberfliche der Haut zugewandt ist, einer oberen Oberflaiche gegenulber der
unteren Oberflache und einer umfangsmafRigen Oberflache, die den Ausgangsenden der ersten und zweiten Licht-
quellen zugewandt ist, ausgestattet ist, und das Lichtextraktionsmuster (420) auf einer der unteren und oberen
Oberflachen des zweiten Wellenleiters gebildet ist.

Gerat nach Anspruch 3, ferner umfassend:
einen Speicher (260) zum Speichern einer Tabelle, die bendtigt wird, um Beziehungen zwischen den grundle-
genden Bioinformationen und Koeffizienten auszudriicken, die notwendig sind, um eine Dicke von subkutanem

Fett zu berechnen.

Gerat nach Anspruch 4, ferner umfassend:
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einen Speicher (260) zum Speichern einer Tabelle, die bendtigt wird, um Beziehungen zwischen den grundle-
genden Bioinformationen und Koeffizienten auszudriicken, die notwendig sind, um einen Korperfettanteil zu
berechnen.

Gerat nach Anspruch 1, wobei die erste (220; 220A) und die zweite (230; 230A) Lichtquelle abwechselnd um den
Photodetektor (210) herum angeordnet sind.

Gerat nach Anspruch 1, wobei die erste (220; 220A) und die zweite (230; 230A) Lichtquelle von dem Photodetektor
(210) um nicht mehr als 5 Millimeter getrennt sind, und die dritte Lichtquelle (240A) von dem Photodetektor um nicht
weniger als 10 Millimeter getrennt ist.

Gerat nach Anspruch 11, wobei die erste Wellenlange anders als die zweite und dritte Wellenlange ist, wobei die
erste Wellenlange in einem Bereich von 600 nm bis 750 nm liegt und jede der zweiten und dritten Wellenlangen in
einem Bereich von 750 nm bis 1000 nm liegt.

Revendications

1.

Appareil de mesure des bio-informations d’un utilisateur, I'appareil (300 ; 400) comprenant :

un dispositif (265) destiné a recevoir les bio-informations basiques de I'utilisateur ;

une premiere source de lumiére (220 ; 220A) disposée sur la surface de la peau et émettant une premiére
lumiére ayant une premiére longueur d’onde sur la surface de la peau ;

une deuxiéme source de lumiére (230 ; 230A) disposée sur la surface de la peau et émettant une deuxiéme
lumiére ayant une deuxiéme longueur d’onde sur la surface de la peau ;

une troisieme source de lumiére (240A) disposée sur la surface de la peau de maniere a étre placée a une
position plus éloignée d'un photodétecteur (210) que les premiére et deuxiéme sources de lumiére, ladite
troisi€me source de lumiére émettant une troisiéme lumiére ayant une troisieme longueur d’onde sur la surface
de la peau;

le photodétecteur (210) détectant une premiére, une deuxiéme et une troisi€me lumieres de détection qui sont
transmises a travers la surface de la peau et générant des signaux électriques correspondants, lesdites premiere,
deuxiéme et troisieme lumiéres de détection correspondant auxdites lumiéres émises par lesdites premiére,
deuxiéme et troisiéme sources de lumiére ;

un premier guide d’onde (310) disposé pour étre positionné entre les premiére et deuxiéme sources de lumiére
et la troisieme source de lumiere, le premier guide d’'onde ayant une forme d’anneau circulaire et étant doté
d’'une surface inférieure faisant face a la surface de la peau, d’'une surface supérieure opposée a la surface
inférieure et d’une surface circonférentielle faisant face a une extrémité de sortie de la troisieme source de
lumiére, permettant que la troisieme lumiére émise par la troisi€me source de lumiére soit acheminée par
réflexion totale a I'intérieur dudit premier guide d’onde jusqu’a I'extérieur du premier guide d’onde (310) a travers
sa surface inférieure ;

au moins un motif d’extraction de lumiére (320) formé sur 'une de la surface inférieure et de la surface supérieure
du premier guide d’onde pour diriger la troisieme lumiére hors du premier guide d’ondes (310) ; et

une unité de commande (250) destinée a permettre de diriger les premiére, deuxieme et troisieme sources de
lumiére a leur tour et a produire les bio-informations de I'utilisateur sur la base des bio-informations basiques
et des intensités des premiere, deuxiéme et troisieme lumiéres de détection.

2. Appareil selonlarevendication 1, dans lequel I'unité de commande (250) produit unindice de mélamine (MI) tel que :

MI = A + B 1In(Ii/I,),

ou A et B représentent des coefficients prédéfinis,

I; représente l'intensité de la premiére lumiére de détection,

12 représente l'intensité de la deuxieme lumiére de détection, et
In représente la fonction logarithmique naturelle.

3. Appareil selon la revendication 1, dans lequel I'unité de commande (250) calcule I'épaisseur de la graisse sous-
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cutanée de la maniére suivants :

SATP = Cp + DPBMI + EPIMI/

Iyt = Is/(I:/13),

BMI = WT/HT?,

ou SAT représente I'épaisseur de la graisse sous-cutanée,
Cp, Dp et Ep représentent des coefficients prédéfinis,

I4 représente l'intensité de la premiére lumiére de détection,
I, représente l'intensité de la deuxiéme lumiére de détection,
I3 représente l'intensité de la troisi€me lumiére de détection,
WT représente un poids de l'utilisateur, et

HT représente une taille de I'utilisateur.

4. Appareilselonlarevendication 1, dans lequel 'unité de commande (250) calcule le pourcentage de graisse corporelle
de la maniére suivants :

PBFP = Fp + GPBMI + HPAGE + IPIMI/

Iyt = Is/(I:/13),

BMI = WT/HT?,

ou PBFp représente le pourcentage de graisse corporelle,

Fp, Gp, Hp et Ip représentent des coefficients prédéfinis,

I représente l'intensité de la premiére lumiére de détection,

I, représente l'intensité de la deuxieme lumiére de détection,

I3 représente l'intensité de la troisi€me lumiére de détection,

WT représente un poids de l'utilisateur,

HT représente une taille de I'utilisateur, et AGE représente un age de I'utilisateur.

5. Appareil selon larevendication 1, dans lequel la premiére longueur d’onde appartient a une bande de lumiére visible,
et les deuxieéme et troisieme longueurs d’ondes appartiennent a une bande de rayons proches infrarouges.

6. Appareil selon la revendication 1, comprenant en outré :

un deuxiéme guide d’onde (410) positionné entre le photodétecteur et les premiére et deuxieme sources de
lumiére, permettant que la premiére ou la deuxiéme lumiére émise par la premiére ou la deuxiéme source de
lumiére soit acheminée par réflexion totale a l'intérieur du deuxiéme guide d’'onde ; et

au moins un motif d’extraction de lumiére (420) destiné a diriger la premiere lumiére ou la deuxiéme lumiéere
hors du deuxiéme guide d’onde.
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Appareil selon la revendication 6, dans lequel le deuxiéme guide d’onde (410) a une forme d’anneau circulaire, et
est doté d’une surface inférieure faisant face a la surface de la peau, d’'une surface supérieure opposée a la surface
inférieure et d’'une surface circonférentielle faisant face aux extrémités de sortie des premiere et deuxieme sources
de lumiére, et le motif d’extraction de lumiére (420) est formé sur 'une de la surface inférieure et de la surface
supérieure du deuxiéme guide d’onde.

Appareil selon la revendication 3, comprenant en outré :

une mémoire (260) destinée a stocker un tableau nécessaire pour exprimer les relations entre les bio-informa-
tions basiques et les coefficients nécessaires pour calculer une épaisseur de graisse sous-cutanée.

Appareil selon la revendication 4, comprenant en outré :

une mémoire (260) destinée a stocker un tableau nécessaire pour exprimer les relations entre les bio-informa-
tions basiques et les coefficients nécessaires pour calculer un pourcentage de graisse corporelle.

Appareil selon la revendication 1, dans lequel lesdites premiére (220, 220A) et deuxiéme (230 ; 230A) sources de
lumiere sont disposées de maniére alternée autour dudit photodétecteur (210).

Appareil selon la revendication 1, dans lequel lesdites premiére (220, 220A) et deuxiéme (230 ; 230A) sources de
lumiere sont espacées dudit photodétecteur (210) d’au plus 5 millimétres, et la troisieme source de lumiére (240A)
est espacée dudit photodétecteur d’au moins 10 millimeétres.

Appareil selon la revendication 11, dans lequel la premiére longueur d’'onde est différente des deuxiéme et troisieme

longueurs d’onde, la premiére longueur d’onde se trouve dans une plage de 600 nm a 750 nm et chacune des
deuxiéme et troisieme longueurs d’onde se trouve dans une plage de 750 nm a 1000 nm.
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