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Description

BACKGROUND

1. Field

[0001] An embodiment of the present invention relates
to an apparatus, method and optical sensor module for
body fat measurement. More particularly, an embodi-
ment of the present invention relates to an apparatus and
an optical sensor module having a tilter, and a method
for using the apparatus and/or sensor for body fat meas-
urement. The tilter may be made of a material having a
similar refraction index to a biological tissue of a body fat
measurement object, and enables light radiated from a
light source to irradiate the biological tissue at a prede-
termined incident angle, allowing deeper penetration of
the light into the tissue.

2. Description of the Related Art

[0002] Maintaining health and achieving beauty is a
priority for many consumers. Accordingly, there is cur-
rently a trend to seek a healthy lifestyle. The amount of
body fat is one criteria used to estimate an individual’s
health. With this in mind, there are various methods of
measuring the amount of body fat, with the body fat ratio
being a common criteria used to measure the amount of
body fat and to estimate an individual’s health or as a
measure of beauty such as with dieting.
[0003] Methods for measuring body fat ratio include a
body average density measurement employing under-
water weighing, a skinfold test measuring the thickness
of fat at a specific point of the body, applying a weak
electrical current to the body and measuring the body’s
impedance, and using a table of values to measure the
body fat ratio based on waist size, height, body type, etc.
Problems associated with these methods include inac-
curacy and the need for complicated equipment.
[0004] Recently, certain body fat measurement meth-
ods have used a light capable of readily and accurately
measuring body fat. A body fat measurement device us-
ing light is based on a theory that when light is emitted
from a light source to irradiate a measurement point of a
body, backward scattering occurs in the body, and sub-
sequently body fat is measured by measuring a scattered
optical signal using an optical detector.
[0005] An important consideration is whether the opti-
cal signal penetrates and scatters deep within the bio-
logical tissue, i.e. up to a muscle layer at the measure-
ment point. Generally, when the depth of the incident
light increases, the distance between the light source and
the optical detector also increases making it difficult to
employ a portable body fat measurement apparatus.
Thus, it is difficult to accurately measure body fat using
such conventional portable body fat measurement appa-
ratuses.
[0006] An optical sensor module according to the pre-

amble of claim 1 is known from EP 1 520 514 A1.
[0007] The inventors have found a need for a portable
body fat measurement apparatus that can readily and
accurately measure the body fat of a body.
[0008] According to a first aspect, the present invention
provides an optical sensor module as defined in claim 1.
[0009] According to a second aspect, the present in-
vention provides a body fat measurement apparatus as
defined in claim 8.
[0010] According to a third aspect, the present inven-
tion provides a method for measuring a thickness of a
subcutaneous fat layer as defined in claim 12.
[0011] Additional and/or other aspects and advantag-
es of the present invention will be set forth in part in the
description which follows and, in part, will be obvious
from the description, or may be learned by practice of
the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The above and/or other aspects and advantag-
es of the present invention will become apparent and
more readily appreciated from the following detailed de-
scription, taken in conjunction with the accompanying
drawings of which:

FIG. 1 illustrates a body fat measurement apparatus
having an optical sensor module, according to one
or more embodiments of the present invention;
FIG. 2A illustrates an optical sensor module, such
as that of FIG. 1, having a light source unit with a
tilter, according to one or more embodiments of the
present invention;
FIG. 2B illustrates a light sensor module having a
light source unit without a tilter, according to one or
more embodiments of the present invention;
FIG. 3 illustrates simulation results of a body fat in-
formation measurement when a tilter is used with
the light source unit, according to one or more em-
bodiments of the present invention, in contrast with
results when the tilter is not used with the light source
unit; and
FIG. 4 illustrates an optical sensor module, accord-
ing to one or more other embodiments of the present
invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0013] Reference will now be made in detail to embod-
iments of the present invention, examples of which are
illustrated in the accompanying drawings, wherein like
reference numerals refer to like elements throughout.
Embodiments are described below in order to explain the
present invention by referring to the figures.
[0014] An apparatus, method and optical sensor mod-
ule of a body fat measurement apparatus in accordance
with one or more embodiments of the present invention
is illustrated in FIGS. 1-4. The apparatus may include an
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optical sensor module 110, a signal processing unit 120,
and an output unit 130, for example. The optical sensor
module 110 my further include an optical power control
unit 111, at least one light source unit 112, a tilter 211,
and an optical detector 113, for example, noting that such
modules may equally include differing numbers and
types of components in other configurations. According
to an embodiment, the corresponding method measures
body fat using at least one light source and a tilter to
control an irradiation angle of the at least one light source
so that light is radiated into a biological tissue at a pre-
determined angle. The one or more embodiments of the
present invention described herein provide a number of
advantages including enhanced accuracy and the ability
to acquire body fat information about a deep body fat
layer.
[0015] In an embodiment, a portable body fat meas-
urement device may be embodied within, or as any one
of, a mobile terminal, a personal digital Assistant (PDA),
a portable game device, an MP3 player, a personal mul-
timedia player (PMP), a digital multimedia broadcasting
terminal (DMB) terminal, a portable blood sugar meas-
urement device or a grip power exercise device, for ex-
ample. Conversely, the portable body fat measurement
device/apparatus may not be installed in such devices,
but may be designed in a stand-alone configuration, or
implemented as a system.
[0016] Also, the biological tissue described herein is
not be limited to a human body, i.e., the portable body
fat measurement device, according to differing embodi-
ments, may be used for all organisms having a subcuta-
neous fat layer between skin and muscle.
[0017] Referring to FIG. 1 again, the electrical signal
process unit 120 may include a signal amplification unit
121, a body fat information calculation unit 122 and an
output control unit 123, for example. Additionally, the out-
put unit 130 may include a display unit 131 and a sound
output unit 132.
[0018] Again, the light source unit 112 of the optical
sensor module 110 may include at least one light source
and a tilter, which may be provided together with the light
source. The light source may be embodied as any one
of a point light source, including a top view light emitting
diode (LED) which has been popularly utilized, or a sur-
face light source, for example. A configuration of the light
source unit 112 will be described in greater detail by re-
ferring to FIG. 2.
[0019] FIG. 2A illustrates an optical sensor module,
such as that of FIG. 1, having a light source unit with a
tilter 211, and FIG. 2B illustrates an optical sensor module
having a light source unit without such a tilter 211.
[0020] Referring to FIG. 2A, the tilter 211 may be com-
bined with the light source 210 of the optical sensor mod-
ule. Specifically, the tilter 211 is positioned at a surface
where the light source 210 contacts a biological tissue.
Thus, the tilter 211 is placed between the surface of the
light source 210 and the biological tissue so that light
incident upon the tissue from the light source falls at an

angle other than one perpendicular to the tissue.
[0021] As an example, as illustrated in FIG. 2A, when
the light source 210 is a type of a pentahedron, the tilter
211 may be embodied as a type of a triangular prism.
Also, when the tilter 211 is a triangular prism type, a bot-
tom angle of the triangular prism may range from 2 de-
grees to 45 degrees, for example. In addition to the range
of 2 degrees to 45 degrees, the bottom angle of the tri-
angular prism may variously range depending on the dif-
fering embodiments in the art.
[0022] The tilter 211 may be made of a material having
a similar or an identical refraction index to the biological
tissue of the body fat measurement object. Specifically,
the tilter 211 may be made of a water epoxy in a solid
type or a polymer based compound, for example.
[0023] As described herein, the light which is radiated
from the light source 210 and penetrates into the biolog-
ical tissue using the tilter 211, may more deeply penetrate
into the biological tissue compared with light radiated
from an optical sensor module lacking a tilter, such as
shown in FIG. 2B.
[0024] As described in FIG. 2B, when a tilter 211 is not
combined with the light source unit 230 of the optical
sensor module, the light source unit 230 radiates light
perpendicularly into a biological tissue. As described
above, when the tissue is perpendicularly irradiated by
the light, an optical path 231, i.e. the light reflected, ab-
sorbed, and scattered within the biological tissue, has a
measurement depth as illustrated in FIG. 2B. Here, the
light source unit 230 is inadequate because the light it
radiates does not penetrate deeply enough into the bio-
logical tissue to accurately measure the thickness of the
body fat.
[0025] However, as illustrated in FIG. 2A, when the
tilter 211 is combined with the light source 210, the light
may more deeply penetrate into the biological tissue.
Specifically, as illustrated in FIG. 2A, the light radiated
from the light source 210 may penetrate into the biological
tissue, and may have a predetermined incidence angle
upon the tissue, due to the tilter 211. In this instance, as
illustrated in FIG. 2A, the optical path 212 penetrates
deeper into the biological tissue, allowing measurement
of the body fat thickness down to a muscle of the biolog-
ical tissue.
[0026] Namely, when the light radiated from the light
source 210 is irradiated into the biological tissue while
having a predetermined tilt of the light using the tilter 211,
the light may penetrate comparatively deeper into the
biological tissue than when the biological tissue is per-
pendicularly irradiated by the light.
[0027] In some instances, increasing the distance be-
tween the optical detectors 220 and 240, and their re-
spective light source units 210 and 230 may also increase
the measurement depth allowing for the measurement
of thicker layers of body fat. In an embodiment, the dis-
tance between the optical detectors 220 and 240, and
their respective light source units 210 and 230, as shown
in FIGS. 2A and 2B, is identical. In a further embodiment,
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regardless of whether the tilter 211 is provided as illus-
trated in FIG. 2 A , the distance between the light source
units 210 and 230, and the optical detectors 220 and 240
may be 20 mm. According to one or more embodiments,
the light may penetrate deeper into the biological tissue
by providing the tilter 211 to the light source 210, without
extending the distance between the light source 210 and
the optical detector 220. Accordingly, body fat may be
consistently and accurately measured by using the opti-
cal path 212 having the deeper measurement depth,
even when the thickness of the body fat is increased,
which will be illustrated in FIG. 3.
[0028] FIG. 3, portions I and II, illustrate simulation re-
sults of a body fat measurement made: a) when a tilter
211 is provided to the light source unit (portion II) accord-
ing to one or more embodiments of the present invention;
and b) when no tilter 211 is provided to the light source
unit (portion I).
[0029] FIG. 3, portion I, illustrates the simulation results
of the body fat measurement when a light, radiated from
the light source, is irradiated into a biological tissue per-
pendicularly without providing the tilter 211 to the light
source. Alternatively, FIG. 3, portion II, illustrates the sim-
ulation result of the body fat measurement when the light,
radiated from the light source, is irradiated into the bio-
logical tissue, while having a tilt of 45 degrees, for exam-
ple, by providing the tilter 211 to the light source, accord-
ing one or more embodiments of the present invention.
[0030] The illustrated graphs of the body fat measure-
ment show the simulation results for biological tissue hav-
ing identical characteristics, i.e. the thickness of the body
fat is 20 mm and the thickness of the muscle is 30 mm.
A fat substitute having a thickness of 20 mm was also
used for the simulation.
[0031] Here, the vertical axis in each graph of FIG. 3,
portions I and II indicates a measurement depth, while
the horizontal axis in each graph indicates a distance
between a light source and an optical detector. Each area
of the graphs of FIG. 3, portions I and II, i.e. a first area
311 and 321, a second area 312 and 322, a third area
313 and 323, and a fourth area 314 and 324, is shown
in a different shade, in order to readily distinguish an ir-
radiated optical power according to the distance between
the light source and the optical detector.
[0032] Specifically, the first area 311 of portion I of FIG.
3 and the first area 321 of portion II of FIG. 3 indicate
optical path information when the distance between the
light source and the optical detector is identical, and iden-
tical optical power is used. Area 311 indicates optical
path information when no tilter 211 is used while area
321 indicates optical path information when a tilter 211
is used according to one or more embodiments of the
present invention.
[0033] The second area 312 of portion I of FIG. 3 and
the second area 322 of portion II of FIG. 3 indicate optical
path information when the distance between the light
source and the optical detector is an identical second
distance, and identical optical power is used. Area 312

indicates optical path information when no tilter 211 is
used while area 322 indicates optical path information
when a tilter 211 is used according to one or more em-
bodiments of the present invention. The third area 313
of portion I of FIG. 3 and the third area 323 of portion II
of FIG. 3 indicate optical path information when a dis-
tance between the light source and the optical detector
is an identical third distance, and identical optical power
is used. Area 313 indicates optical path information when
no tilter 211 is used while area 323 indicates optical path
information when a tilter 211 is used according to one or
more embodiments of the present invention. Finally, the
fourth area 314 of portion I of FIG. 3 and the fourth area
324 of portion II of FIG. 3 indicate optical path information
when a distance between the light source and the optical
detector is an identical fourth distance, and identical op-
tical power is used. Area 314 indicates optical path infor-
mation when no tilter 211 is used while area 324 indicates
optical path information when a tilter 211 is used accord-
ing to one or more embodiments of the present invention.
[0034] The above simulation demonstrates, as shown
in the each graph of portions I and II of FIG. 3, that a
deeper optical path is measured for each area of portion
II of FIG. 3, compared to the corresponding area of por-
tion I of FIG. 3. Specifically, when the fourth areas are
compared in each graph, it can be seen that a deeper
optical path is measured for the fourth area 324 of portion
II of FIG. 3 than for the fourth area 314 of portion I of FIG.
3.
[0035] Accordingly, body fat may be accurately meas-
ured by providing a tilter 211 made of a material having
a refraction index similar, or identical to, the body fat,
without significantly extending a distance between the
light source and the optical detector.
[0036] Also, according to another one or more embod-
iments of the present invention, the light source unit 112
may include at least two light sources. Here, the tilter 211
may be provided to any one of the light sources, which
are included in the light source unit 112, which will now
be described in greater detail by referring to FIG. 4.
[0037] FIG. 4 illustrates an optical sensor module ac-
cording to another one or more embodiments of the
present invention.
[0038] Here, the optical sensor module may include a
plurality of light sources. For convenience of description,
an example in which the optical sensor module includes
three light sources, i.e. a first light source 410, a second
light source 420, and a third light source 430, is illustrated
in FIG. 4, noting that alternative embodiments are equally
available.
[0039] The first light source 410, the second light
source 420 and the third light source 430 may be ar-
ranged with an optical detector 440, in parallel. In this
non-limiting example, the tilter 411 may be provided to
the first light source 410, however, depending upon em-
bodiments, the tilter 411 may be provided with the first
light source 410 and the second light source 420. Alter-
natively, the tilter 411 may be provided with the first light
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source 410, the second light source 420, and the third
light source 430.
[0040] In yet another exemplary embodiment, the tilter
411 may be provided only to the first light source 410, as
illustrated in FIG. 4. Specifically, the tilter 411 may be
provided only to the first light source, that is, the light
source farthest from the optical detector 440. This con-
figuration may enable the radiated light to penetrate
deeper into the biological tissue because the scattering
path (i.e. the path of the irradiated light from the first light
source 410 to the optical detector 440) is the longest.
[0041] Accordingly, when the tilter 411 is properly pro-
vided to the light source, body fat may be more accurately
measured with reduced costs.
[0042] Referring back to FIG. 1, the optical power con-
trol unit 111 controls a driving current supplied to at least
one light source, which may be included in the light
source unit 112. Specifically, as described with reference
to FIG. 4, when the light source unit 112 includes a plu-
rality of light sources, the optical power control unit 111
may control the driving current, so that optical powers
output from each of the light sources becomes greater,
in proportion to the respective distances between each
of the light sources and the optical detector 113.
[0043] The optical detector 113 receives light that has
been scattered by biological tissue, the tissue having
been irradiated by the light, and transforms the received
scattered light into an electrical signal. Specifically, the
optical detector 113 receives the scattered light from the
biological tissue, i.e., at a measurement point, and trans-
forms the scattered light into the electrical signal. For the
above-described operation, the optical detector 113 may
include a predetermined optical-electrical transducing el-
ement for transforming the optical signal into the electri-
cal signal.
[0044] The electrical signal calculation unit 120 calcu-
lates body fat information at the measurement point by
receiving the electrical signal. For the above operation,
the electrical signal calculation unit 120 may include a
signal amplification unit 121, a body fat information cal-
culation unit 122, and an output control unit 123.
[0045] The signal amplification unit 121 transmits the
transformed electrical signal into the body fat information
calculation unit 122 after receiving and amplifying the
transformed electrical signal.
[0046] The body fat information calculation unit 122
calculates body fat information at the measurement point
using the amplified electrical signal. Specifically, the body
fat information calculation unit 122 may calculate thick-
ness of the body fat using the optical power of the scat-
tered light from the biological tissue. The calculation may
be based on the principal that scattering of light is greater
in body fat and absorption of light is greater in muscle.
Also, the body fat information calculation unit 122 may
calculate the weight of the body fat, and may calculate a
body fat ratio using a reference lookup table. Accordingly,
the body fat calculation unit 122 may calculate the thick-
ness of the body fat, the body fat ratio, the weight of the

body fat, or other measures as would be appreciated by
one skilled in the art.
[0047] In one embodiment, the output control unit 123
controls the body fat information to be displayed or played
via the output unit 130. The output unit 130 may display
or play the body fat information via the display unit 131
or via the sound output unit 132, respectively.
[0048] Accordingly, advantages of one or more em-
bodiments of the present invention include acquiring
body fat information about a deep body fat layer using a
light source having a tilter. The tilter is formed of a material
having a refraction index similar to the biological tissue
being measured. The tilter may enable a light source to
radiate light at a predetermined incident angle to pene-
trate deep into the biological tissue. The tilter may be
generated along with the light sensor, e.g., they may be
manufactured as a single unit, or they may operate in-
dependently as a system.
[0049] Further advantages of one or more embodi-
ments of the present invention include an optical sensor
module of a portable body fat measurement apparatus
that may minimize a distance between a light source and
an optical detector.
[0050] Although a few embodiments of the present in-
vention have been shown and described, the present in-
vention is not limited to the described embodiments. In-
stead, it would be appreciated by those skilled in the art
that changes may be made to these embodiments with-
out departing from the principles and spirit of the inven-
tion, the scope of which is defined by the claims and their
equivalents.

Claims

1. An optical sensor module (110) for a body fat meas-
urement apparatus, said apparatus being arranged
to measure a thickness of a subcutaneous fat layer
between skin and muscle in a biological tissue of an
organism, the module comprising:

at least one light source (112; 210; 410, 420,
430); and
an optical detector (113; 220; 440) to detect a
scattered optical signal and to transform the
scattered optical signal into an electric signal,
the scattered optical signal scattered from the
light radiated into the biological tissue;
characterized in that the module further com-
prises:

a tilter (211; 411) to control an irradiation
angle of the at least one light source (112;
210; 410, 420, 430) to radiate light from the
at least one light source (112; 210; 410, 420,
430) into the biological tissue at a predeter-
mined angle other than an angle perpendic-
ular to the biological tissue;
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wherein the tilter (211; 411) is adapted to
be placed between a surface of the at least
one light source (112; 210; 410, 420, 430)
and the biological tissue for tilting the at
least one light source (112; 210; 410, 420,
430) away from said optical detector (113;
220; 440).

2. The module of claim 1, wherein the tilter (211; 411)
is comprised of a material having a predetermined
refraction index to radiate light from the at least one
light source (112; 210; 410, 420, 430) into the bio-
logical tissue at the predetermined angle.

3. The module of claim 1, wherein the tilter (211; 411)
comprises a solid water epoxy or a polymer com-
pound.

4. The module of claim 1, wherein the tilter (211; 411)
is a prism and the irradiation angle ranges from 2
degrees to 45 degrees.

5. The module of claim 1, wherein:

the at least one light source (112; 210; 410, 420,
430) comprises at least two light sources (410,
420, 430), each being a different distance from
the optical detector (440); and
the tilter is located at one (410) of the at least
two light sources (410, 420, 430) located farthest
from the optical detector (440).

6. The module of claim 1, wherein the optical detector
further comprises a transformer unit to transform the
scattered optical signal into the electrical signal.

7. The module of claim 1, further comprising an optical
power control unit to control a driving current applied
to the at least one light source (112; 210; 410, 420,
430).

8. A body fat measurement apparatus comprising the
optical sensor module (110) according to any one of
claims 1-7 and an electric signal calculation unit
(120) to process the electric signal and to calculate
the thickness of the fat layer.

9. The apparatus of claim 8, wherein the thickness of
the fat layer is calculated based on a principle that
scattering of light is greater in body fat and absorption
of light is greater in muscle.

10. The apparatus of claim 8 or 9, wherein the electric
signal calculation unit (120) comprises:

a signal amplification unit (121) to amplify the
electric signal transformed by the optical detec-
tor;

a body fat information calculation unit (122) to
calculate body fat information comprising the
thickness of the fat layer from the amplified elec-
tric signal; and
an output control unit (123) to control the body
fat information to be output to a predetermined
display unit (131) or sound output unit (132).

11. The apparatus of claim 8, wherein the body fat meas-
urement apparatus is any one of a mobile commu-
nication terminal, a personal digital assistant (PDA),
a portable game apparatus, an MP3 player, a per-
sonal multimedia player (PMP), a digital multimedia
broadcasting (DMB) terminal, a portable blood sugar
measurement apparatus, and a grip exercise appa-
ratus.

12. A method for measuring a thickness of a subcuta-
neous fat layer between skin and muscle in a bio-
logical tissue of an organism, the method compris-
ing:

providing a light source (112; 210; 410, 420,
430);
providing an optical detector (113; 220; 440) to
detect a scattered optical signal and to transform
the scattered optical signal into an electric sig-
nal, the scattered optical signal scattered from
the light radiated into the biological tissue;
irradiating light into a biological tissue using said
light source (112; 210; 410, 420, 430);
detecting scattered light from the irradiating of
the light into the biological tissue using the op-
tical detector (113; 220; 440); and
transforming the detected scattered light into an
electrical signal using the optical detector (113;
220; 440);
characterized by:

providing a tilter (211; 411) to control an ir-
radiation angle of the at least one light
source (112; 210; 410, 420, 430) to radiate
light from the at least one light source (112;
210; 410, 420, 430) into the biological tissue
at a predetermined angle other than an an-
gle perpendicular to the biological tissue;
arranging the tilter (211; 411) between a
surface of the light source and the biological
tissue for tilting the at least one light source
(112; 210; 410, 420, 430) away from said
optical detector (113; 220; 440).

13. The method of claim 12, further comprising control-
ling a driving current applied to at least one light
source (410, 420, 430) so that optical powers output
from each of the one or more light source (410, 420,
430) becomes greater in proportion to respective dis-
tances between each of the one or more light sources
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(410, 420, 430) and an optical detector (440).

14. The method of claim 12, further comprising calculat-
ing the thickness of the fat layer from the electrical
signal.

15. The method of claim 14, wherein the calculating is
based on a principle that scattering of light is greater
in body fat and absorption of light is greater in mus-
cle.

16. The method of claim 12, further comprising:

amplifying the electrical signal;
calculating the thickness of the fat layer from the
amplified electrical signal; and
controlling body fat information comprising the
thickness of the fat layer to be output to a pre-
determined display unit (131) or sound output
unit (132).

17. The method of claim 12, wherein the tilter (211; 411)
is a prism and the irradiation angle ranges from 2
degrees to 45 degrees.

Patentansprüche

1. Optisches Sensormodul (110) für ein Körperfett-
messgerät, wobei das Gerät zur Messung einer Di-
cke einer subkutanen Fettschicht zwischen Haut und
Muskel in einem biologischen Gewebe eines Orga-
nismus eingerichtet ist, wobei das Modul umfasst:

zumindest eine Lichtquelle (112; 210; 410, 420,
430); und
einen optischen Detektor (113; 220; 440) zur Er-
fassung eines gestreuten optischen Signals und
zur Umwandlung des gestreuten optischen Si-
gnals in ein elektrisches Signal, wobei das ge-
streute optische Signal aus dem ins biologische
Gewebe gestrahlten Licht gestreut wird;
dadurch gekennzeichnet, dass das Modul
weiterhin umfasst:

eine Kippeinrichtung (211; 411) zur Steue-
rung eines Einstrahlungswinkels der zumin-
dest einen Lichtquelle (112; 210; 410, 420,
430), um Licht aus der zumindest einen
Lichtquelle (112; 210; 410, 420, 430) in das
biologische Gewebe mit einem vorgegebe-
nen Winkel, ausgenommen einem zum bi-
ologischen Gewebe perpendikularen Win-
kel, zu strahlen;
wobei die Kippeinrichtung (211; 411) ange-
passt ist, um zwischen einer Fläche der zu-
mindest einen Lichtquelle (112; 210; 410,
420, 430) und dem biologischen Gewebe

platziert zu werden zwecks Wegkippens der
zumindest einen Lichtquelle (112; 210; 410,
420, 430) von dem optischen Detektor (113;
220; 440).

2. Modul nach Anspruch 1, wobei die Kippeinrichtung
(211; 411) aus einem Material besteht, das einen
vorgegebenen Brechungsindex aufweist, um Licht
aus der zumindest einen Lichtquelle (112; 210; 410,
420, 430) in das biologische Gewebe mit dem vor-
gegebenen Winkel zu strahlen.

3. Modul nach Anspruch 1, wobei die Kippeinrichtung
(211; 411) ein festes Wasserepoxid oder eine Poly-
merverbindung umfasst.

4. Modul nach Anspruch 1, wobei die Kippeinrichtung
(211; 411) ein Prisma ist und der Einstrahlungswin-
kel in einem Bereich von 2 Grad bis 45 Grad liegt.

5. Modul nach Anspruch 1, wobei:

die zumindest eine Lichtquelle (112; 210; 410,
420, 430) zumindest zwei Lichtquellen (410,
420, 430) umfasst, wobei jede einen anderen
Abstand vom optischen Detektor (440) hat; und
sich die Kippeinrichtung an einer (410) der zu-
mindest zwei Lichtquellen (410, 420, 430) be-
findet, die am weitesten vom optischen Detektor
(440) entfernt liegt.

6. Modul nach Anspruch 1, wobei der optische Detektor
weiterhin eine Wandlereinheit umfasst, um das ge-
streute optische Signal in das elektrische Signal um-
zuwandeln.

7. Modul nach Anspruch 1, das weiterhin eine Einheit
zur Steuerung bzw. Regelung optischer Leistung
umfasst, um einen Betriebsstrom zu steuern bzw.
zu regeln, der an die zumindest eine Lichtquelle
(112; 210; 410, 420, 430) gelegt wird.

8. Körperfettmessgerät, das das optische Sensormo-
dul (110) nach einem der Ansprüche 1 - 7 und eine
Recheneinheit (120) für das elektrische Signal um-
fasst, um das elektrische Signal zu verarbeiten und
die Dicke der Fettschicht zu berechnen.

9. Gerät nach Anspruch 8, wobei die Dicke der Fett-
schicht basierend auf einer Grundlage berechnet
wird, dass die Streuung von Licht in Körperfett grö-
ßer ist und die Absorption von Licht in Muskel größer
ist.

10. Gerät nach Anspruch 8 oder 9, wobei die Rechen-
einheit (120) für das elektrische Signal umfasst:

eine Signalverstärkungseinheit (121), um das
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durch den optischen Detektor umgewandelte
elektrische Signal zu verstärken;
eine Körperfettinformationen-Berechnungsein-
heit (122), um die Dicke der Fettschicht umfas-
sende Körperfettinformationen aus dem ver-
stärkten elektrischen Signal zu berechnen; und
eine Ausgabesteuerungseinheit (123), um die
Körperfettinformationen, die an eine vorgege-
bene Anzeigeeinheit (131) oder Tonausgabe-
einheit (132) auszugeben sind, zu steuern.

11. Gerät nach Anspruch 8, wobei das Körperfettmess-
gerät eines ist von einem Mobilkommunikationsend-
gerät, einem persönlichen digitalen Assistenten
(PDA), einem tragbaren Spielgerät, einem MP3-
Player, einem persönlichen multimedialen Abspiel-
gerät (PMP: Personal Multimedia Player), einem
Endgerät für digitale multimediale Übertragung
(DMB: Digital Multimedia Broadcasting), einem trag-
baren Blutzuckermessgerät und einem Greifkraft-
trainingsgerät.

12. Verfahren zur Messung einer Dicke einer subkuta-
nen Fettschicht zwischen Haut und Muskel in einem
biologischen Gewebe eines Organismus, wobei das
Verfahren umfasst:

Bereitstellen einer Lichtquelle (112; 210; 410,
420, 430);
Bereitstellen eines optischen Detektors (113;
220; 440), um ein gestreutes optisches Signal
zu erfassen und das gestreute optische Signal
in ein elektrisches Signal umzuwandeln, wobei
das gestreute optische Signal aus dem ins bio-
logische Gewebe gestrahlten Licht gestreut
wird;
Einstrahlen von Licht in ein biologisches Gewe-
be mittels der Lichtquelle (112; 210; 410, 420,
430);
Erfassen gestreuten Lichts aus dem Einstrahlen
des Lichts in das biologische Gewebe mittels
des optischen Detektors (113; 220; 440); und
Umwandeln des erfassten gestreuten Lichts in
ein elektrisches Signal mittels des optischen De-
tektors (113; 220; 440);
gekennzeichnet durch:

Bereitstellen einer Kippeinrichtung (211;
411) zur Steuerung eines Einstrahlungs-
winkels der zumindest einen Lichtquelle
(112; 210; 410, 420, 430), um Licht aus der
zumindest einen Lichtquelle (112; 210; 410,
420, 430) in das biologische Gewebe mit
einem vorgegebenen Winkel, ausgenom-
men einem zum biologischen Gewebe per-
pendikularen Winkel, zu strahlen;
Einrichten der Kippeinrichtung (211; 411)
zwischen einer Fläche der Lichtquelle und

dem biologischen Gewebe zwecks Wegkip-
pens der zumindest einen Lichtquelle (112;
210; 410, 420, 430) von dem optischen De-
tektor (113; 220; 440).

13. Verfahren nach Anspruch 12, das weiterhin das
Steuern bzw. Regeln eines Betriebsstroms, der an
zumindest eine Lichtquelle (410, 420, 430) gelegt
wird, umfasst, so dass aus jeder der einen oder meh-
reren Lichtquellen (410, 420, 430) ausgegebene op-
tische Leistungen im Verhältnis zu jeweiligen Ab-
ständen zwischen jeder der einen oder mehreren
Lichtquellen (410, 420, 430) und einem optischen
Detektor (440) größer werden.

14. Verfahren nach Anspruch 12, das weiterhin das Be-
rechnen der Dicke der Fettschicht aus dem elektri-
schen Signal umfasst.

15. Verfahren nach Anspruch 14, wobei das Berechnen
auf einer Grundlage basiert, dass die Streuung von
Licht in Körperfett größer ist und die Absorption von
Licht in Muskel größer ist.

16. Verfahren nach Anspruch 12, das weiterhin umfasst:

Verstärken des elektrischen Signals;
Berechnen der Dicke der Fettschicht aus dem
verstärkten elektrischen Signal; und
Steuern von die Dicke der Fettschicht umfas-
senden Körperfettinformationen, die an eine
vorgegebene Anzeigeeinheit (131) oder Ton-
ausgabeeinheit (132) auszugeben sind.

17. Verfahren nach Anspruch 12, wobei die Kippeinrich-
tung (211; 411) ein Prisma ist und der Einstrahlungs-
winkel in einem Bereich von 2 Grad bis 45 Grad liegt.

Revendications

1. Module à capteur optique (110) pour un appareil de
mesure de graisse corporelle, ledit appareil étant
agencé pour mesurer une épaisseur d’une couche
de graisse sous-cutanée entre la peau et un muscle
dans un tissu biologique d’un organisme, le module
comprenant :

au moins une source lumineuse (112 ; 210 ;
410, 420, 430) ; et
un détecteur optique (113 ; 220 ; 440) pour dé-
tecter un signal optique dispersé et pour trans-
former le signal optique dispersé en un signal
électrique, le signal optique dispersé étant dis-
persé à partir de la lumière rayonnée vers le
tissu biologique ;
caractérisé en ce que le module comprend en
outre :
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un basculeur (211 ; 411) pour contrôler un
angle de rayonnement de l’au moins une
source lumineuse (112 ; 210 ; 410, 420,
430) afin de faire rayonner la lumière issue
de l’au moins une source lumineuse (112 ;
210 ; 410, 420, 430) vers le tissu biologique
à un angle prédéterminé autre qu’un angle
perpendiculaire au tissu biologique ;
dans lequel le basculeur (211 ; 411) est
adapté pour être placé entre une surface de
l’au moins une source lumineuse (112 ;
210 ; 410, 420, 430) et le tissu biologique
pour faire basculer l’au moins une source
lumineuse (112 ; 210 ; 410, 420, 430) en
l’écartant dudit détecteur optique (113 ;
220 ; 440).

2. Module selon la revendication 1, dans lequel le bas-
culeur (211 ; 411) se compose d’un matériau pré-
sentant un indice de réfraction prédéterminé afin de
faire rayonner la lumière issue de l’au moins une
source lumineuse (112 ; 210 ; 410, 420, 430) vers
le tissu biologique à l’angle prédéterminé.

3. Module selon la revendication 1, dans lequel le bas-
culeur (211 ; 411) comprend un époxy à l’eau solide
ou un composé polymère.

4. Module selon la revendication 1, dans lequel le bas-
culeur (211 ; 411) est un prisme et l’angle de rayon-
nement va de 2 degrés à 45 degrés.

5. Module selon la revendication 1, dans lequel :

l’au moins une source lumineuse (112 ; 210 ;
410, 420, 430) comprend au moins deux sour-
ces lumineuses (410, 420, 430), chacune étant
à une distance différente par rapport au détec-
teur optique (440) ; et
le basculeur est situé au niveau de l’une (410)
des au moins deux sources lumineuses (410,
420, 430) située le plus à l’écart du détecteur
optique (440).

6. Module selon la revendication 1, dans lequel le dé-
tecteur optique comprend en outre une unité de
transformation pour transformer le signal optique
dispersé en ledit signal électrique.

7. Module selon la revendication 1, comprenant en
outre une unité de commande de puissance optique
pour commander un courant de pilotage appliqué à
l’au moins une source lumineuse (112 ; 210 ; 410,
420, 430).

8. Appareil de mesure de graisse corporelle compre-
nant le module à capteur optique (110) selon l’une
quelconque des revendications 1 à 7 et une unité de

calcul de signal électrique (120) pour traiter le signal
électrique et pour calculer l’épaisseur de la couche
de graisse.

9. Appareil selon la revendication 8, dans lequel
l’épaisseur de la couche de graisse est calculée en
se fondant sur le principe que la dispersion de la
lumière est supérieure dans la graisse corporelle et
que l’absorption de la lumière est supérieure dans
le muscle.

10. Appareil selon la revendication 8 ou 9, dans lequel
l’unité de calcul de signal électrique (120)
comprend :

une unité d’amplification de signal (121) pour
amplifier le signal électrique transformé par le
détecteur optique ;
une unité de calcul d’une information relative à
la graisse corporelle (122) pour calculer l’infor-
mation relative à la graisse corporelle compre-
nant l’épaisseur de la couche de graisse à partir
du signal électrique amplifié ; et
une unité de commande de sortie (123) pour
contrôler l’information relative à la graisse cor-
porelle devant être émise auprès d’une unité
d’affichage prédéterminée (131) ou d’une unité
d’émission de son (132).

11. Appareil selon la revendication 8, dans lequel l’ap-
pareil de mesure de graisse corporelle est un dispo-
sitif quelconque parmi un terminal de communication
mobile, un assistant numérique personnel (PDA),
une console de jeu portative, un lecteur MP3, un
lecteur multimédia personnel (PMP), un terminal de
diffusion multimédia numérique (DMB), un glucomè-
tre portatif et une poignée de musculation pour les
mains.

12. Procédé de mesure d’une épaisseur de couche de
graisse sous-cutanée entre la peau et un muscle
dans un tissu biologique d’un organisme, le procédé
comprenant :

la disposition d’une source lumineuse (112 ;
210 ; 410, 420, 430) ;
la disposition d’un détecteur optique (113 ; 220 ;
440) pour détecter un signal optique dispersé et
pour transformer le signal optique dispersé en
un signal électrique, le signal optique dispersé
étant dispersé à partir de la lumière rayonnée
vers le tissu biologique ;
le rayonnement de la lumière vers un tissu bio-
logique au moyen de ladite source lumineuse
(112 ; 210 ; 410, 420, 430) ;
la détection de la lumière dispersée à partir du
rayonnement de la lumière vers le tissu biologi-
que au moyen du détecteur optique (113 ; 220 ;
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440) ; et
la transformation de la lumière dispersée détec-
tée en un signal électrique au moyen du détec-
teur optique (113 ; 220 ; 440) ;
caractérisé par :

la disposition d’un basculeur (211 ; 411)
pour contrôler un angle de rayonnement de
l’au moins une source lumineuse (112 ;
210 ; 410, 420, 430) afin de faire rayonner
la lumière issue de l’au moins une source
lumineuse (112 ; 210 ; 410, 420, 430) vers
le tissu biologique à un angle prédéterminé
autre qu’un angle perpendiculaire au tissu
biologique ;
l’agencement du basculeur (211 ; 411) en-
tre une surface de l’au moins une source
lumineuse et le tissu biologique pour faire
basculer l’au moins une source lumineuse
(112 ; 210 ; 410, 420, 430) en l’écartant du-
dit détecteur optique (113 ; 220 ; 440).

13. Procédé selon la revendication 12, comprenant en
outre le contrôle d’un courant de pilotage appliqué
à au moins une source lumineuse (410, 420, 430)
de sorte que la sortie des puissances optiques de
chacune des unes ou plusieurs sources lumineu-
ses(410, 420, 430) augmente proportionnellement
aux distances respectives entre chacune des unes
ou plusieurs sources lumineuses (410, 420, 430) et
un détecteur optique (440).

14. Procédé selon la revendication 12, comprenant en
outre le calcul de l’épaisseur de la couche de graisse
à partir du signal électrique.

15. Procédé selon la revendication 14, dans lequel le
calcul se fonde sur le principe que la dispersion de
la lumière est supérieure dans la graisse corporelle
et que l’absorption de la lumière est supérieure dans
le muscle.

16. Procédé selon la revendication 12, comprenant en
outre :

l’amplification du signal électrique ;
le calcul de l’épaisseur de la couche de graisse
à partir du signal électrique amplifié ; et
le contrôle de l’information relative à la graisse
corporelle comprenant l’épaisseur de la couche
de graisse devant être émise auprès d’une unité
d’affichage prédéterminée (131) ou d’une unité
d’émission de son (132).

17. Procédé selon la revendication 12, dans lequel le
basculeur (211 ; 411) est un prisme et l’angle de
rayonnement va de 2 degrés à 45 degrés.
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