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(57) ABSTRACT

Provided is a spectrum processing apparatus for removing
noise, caused by a change in temperature, from a spectrum.
The spectrum processing apparatus includes: a temperature
modulator configured to perform modulation of a tempera-
ture of an object; a spectrometer configured to obtain a first
spectrum based on the temperature of the object that is
changed by the modulation; and a spectrum processor con-
figured to extract a temperature change vector based on the
first spectrum, and to correct a second spectrum based on the
extracted temperature change vector.
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APPARATUS AND METHOD FOR
PROCESSING SPECTRUM ACCORDING TO
CHANGE IN TEMPERATURE OF OBJECT

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims priority from Korean Pat-
ent Application No. 10-2018-0123961, filed on Oct. 17,
2018, in the Korean Intellectual Property Office, the entire
disclosure of which is incorporated herein by reference for

all purposes.
BACKGROUND

1. Field

[0002] Apparatuses and methods consistent with example
embodiments relate to apparatuses and methods for process-
ing spectrum according to a change in temperature of an
object, and more particularly, to technology for removing
noise, caused by the change in temperature of an object,
from a spectrum measured from the object.

2. Description of the Related Art

[0003] Recently, research has been conducted on methods
of measuring bio-information, such as blood glucose, in a
non-invasive manner such as using Raman spectroscopy or
near-infrared spectroscopy. A bio-information measuring
apparatus using spectroscopy generally includes a light
source which emits light onto an object, and a detector
which detects an optical signal returning from the object.
The bio-information measuring apparatus reconstructs a
spectrum by using the optical signal detected by the detector,
and measures in vivo components, such as blood glucose,
calories, and the like, by analyzing the reconstructed spec-
trum. Generally, a scattered spectrum is affected by a change
in temperature. In the case of a large spectrometer, the effect
of temperature may be insignificant because the large spec-
trometer has a temperature control system to control the
temperature of a system itself. However, it is difficult to
provide such temperature control system for a small size
spectrometer.

SUMMARY

[0004] According to an aspect of an example embodiment,
there is provided a spectrum processing apparatus including:
a temperature modulator configured to perform modulation
of temperature of an object; a spectrometer configured to
obtain a first spectrum based on the temperature of the object
which is changed by the modulation; and a spectrum pro-
cessor configured to extract a temperature change vector,
which represents characteristics of respective wavelengths
according to a change in temperature, based on the first
spectrum, and to correct a second spectrum based on the
extracted temperature change vector.

[0005] The temperature modulator may include: a heater
configured to supply heat energy to the object; and a
temperature sensor configured to detect the temperature.
[0006] The temperature modulator may perform the
modulation to change the temperature of the object by 1° C.
or more.

[0007] The temperature modulator may perform the
modulation of the temperature of the object one or more
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number of times to change the temperature of the object
within a predetermined range of temperature.

[0008] The temperature modulator may successively per-
form first modulation and second modulation, such that the
temperature of the object is continuously increased by the
first modulation and the second modulation within the
predetermined range of temperature.

[0009] The temperature modulator may perform first
modulation of the temperature, and perform second modu-
lation in response to the temperature of the object being
decreased to temperature at a time of starting the first
modulation, such that the temperature of the object is
changed by the first modulation within the same range as a
changed temperature of the object by the second modula-
tion.

[0010] The spectrometer may obtain the first spectrum by
using at least one of Infrared spectroscopy and Raman
spectroscopy.

[0011] The spectrometer may include: one or more light
sources configured to emit light onto the object; and a
detector configured to detect light scattered and/or reflected
from the object.

[0012] The spectrum processor may extract the tempera-
ture change vector based on at least one of Principal Com-
ponent Analysis (PCA) and Singular Value Decomposition
(SVD).

[0013] The spectrum processor may remove noise, caused
by the change in temperature, from the second spectrum by
applying a noise removal method including a least square
method based on the extracted temperature change vector.
[0014] The spectrometer may obtain the first spectrum
from the object that comprises at least one of a pure water
solution and human skin containing a target component, and
obtain the second spectrum from a second object comprising
the human skin containing the target component.

[0015] The spectrum processing apparatus may further
include an output interface configured to output a processing
result of the spectrum processor.

[0016] The spectrum processing apparatus may further
include a communication interface configured to transmit a
processing result of the spectrum processor to an external
device.

[0017] According to an aspect of another example
embodiment, there is provided a spectrum processing
method including: performing modulation of temperature of
an object; obtaining a first spectrum based on the tempera-
ture of the object which is changed by the modulation;
extracting a temperature change vector, which represents
characteristics of respective wavelengths according to a
change in temperature, based on the first spectrum; and
correcting a second spectrum based on the extracted tem-
perature change vector.

[0018] The performing of the modulation may include
performing modulation to change the temperature of the
object by 1° C.

[0019] The performing of the modulation may include
performing modulation one or more number of times to
change the temperature of the object within a predetermined
range of temperature.

[0020] The extracting of the temperature change vector
may include extracting the temperature change vector based
on at least one of Principal Component Analysis (PCA) and
Singular Value Decomposition (SVD).
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[0021] The correcting of the second spectrum may include
removing noise, caused by the change in temperature, from
the second spectrum by applying a noise removal method
including a least square method based on the extracted
temperature change vector.

[0022] The obtaining the first spectrum may include
obtaining the first spectrum from the object that includes at
least one of a pure water solution and human skin containing
a target component; and obtaining the second spectrum from
a second object including the human skin containing the
target component.

[0023] The spectrum processing method may further
include outputting the corrected second spectrum.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The above and/or other aspects will be more appar-
ent by describing certain example embodiments with refer-
ence to the accompanying drawings, in which:

[0025] FIG. 1 is a block diagram illustrating a spectrum
processing apparatus according to an example embodiment;
[0026] FIG. 2 is a diagram schematically illustrating a
structure of a spectrum processing apparatus according to an
example embodiment;

[0027] FIGS. 3A to 3C are diagrams explaining a spec-
trum processing process according to an example embodi-
ment;

[0028] FIG. 4 is a block diagram illustrating a spectrum
processing apparatus according to another embodiment;
[0029] FIG. 5 is a flowchart illustrating a spectrum pro-
cessing method according to an example embodiment;
[0030] FIG. 6 is a diagram schematically illustrating a
structure of a biological component analyzing apparatus
according to an example embodiment; and

[0031] FIG. 7 is a block diagram illustrating the biological
component analyzing apparatus of FIG. 6.

DETAILED DESCRIPTION

[0032] Details of example embodiments are included in
the following detailed description and drawings. Aspects of
example embodiments will be more clearly understood from
the following embodiments described in detail with refer-
ence to the accompanying drawings. Throughout the draw-
ings and the detailed description, unless otherwise
described. the same drawing reference numerals will be
understood to refer to the same elements, features, and
structures. The relative size and depiction of these elements
may be exaggerated for clarity, illustration, and conve-
nience.

[0033] It will be understood that, although the terms first,
second, etc. may be used herein to describe various ele-
ments, these elements should not be limited by these terms.
These terms are only used to distinguish one element from
another. Any references to singular may include plural
unless expressly stated otherwise. In addition, unless explic-
itly described to the contrary, an expression such as “com-
prising” or “including” will be understood to imply the
inclusion of stated elements but not the exclusion of any
other elements. Also, the terms, such as ‘part’. ‘unit’ or
‘module’, etc., should be understood as a unit that performs
at least one function or operation and that may be embodied
as hardware, software, or a combination thereof.

[0034] Expressions such as “at least one of,” when pre-
ceding a list of elements, modify the entire list of elements
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and do not modify the individual elements of the list. For
example, the expression, “at least one of a, b, and ¢,” should
be understood as including only a, only b, only ¢, both a and
b, both a and ¢, both b and ¢, all of a, b, and ¢, or any
variations of the aforementioned examples.

[0035] Hereinafter, embodiments of a spectrum process-
ing apparatus and a spectrum processing method will be
described in detail with reference to the accompanying
drawings.

[0036] Various embodiments of the spectrum processing
apparatus which will be described below may be embedded
in various information processing devices such as a mobile
wearable device, a smart device, and the like. Examples of
the various information processing devices may include, but
are not limited to, a wearable device of various types such
as a smart watch worn on the wrist, a smart band-type
wearable device, a headphone-type wearable device, a hair-
band-type wearable device, and the like, a mobile device
such as a smartphone, a tablet PC, and the like, or a
specialized medical institution system, and the like.

[0037] FIG. 1 is a block diagram illustrating a spectrum
processing apparatus according to an example embodiment.
[0038] Referring to FIG. 1, the spectrum processing appa-
ratus 100 includes a spectrometer 110, a temperature modu-
lator 120, and a spectrum processor 130.

[0039] The spectrometer 110 may measure a spectrum
from an object. The spectrometer 110 may measure a
spectrum using Raman spectroscopy or near-infrared spec-
troscopy. In this case, the object may be an object used as a
reference for calibration, and may be a pure water solution
containing no target component to be analyzed, e.g., glu-
cose, or a body tissue in an empty-stomach state. Alterna-
tively, the object may be a body tissue containing a target
component to be analyzed, and may be a human skin tissue,
e.g., a portion of the radial artery, a top portion of the wrist
where veins or capillaries pass, fingers, and the like.
[0040] The spectrometer 110 may include a light source
which emits light onto an object, and a detector which
detects light scattered or reflected from the object. The light
source may include a light emitting diode (LED), a laser
diode, a fluorescent body, and the like. The detector may
include one pixel or a pixel array including two or more
pixels, in which each pixel may include a photo diode or a
photo transistor. Upon detecting light, the detector may
convert the detected light signal into an electric signal. A
light concentrator, such as a microlens, for improving light
collection efficiency, may be disposed on the top of each
pixel.

[0041] For example, the spectrometer 110 may include an
array of a plurality of light sources, each of which emits light
of different wavelengths. In this case, a color filter may be
disposed on the top of at least some of the light sources to
transmit or block light in a specific wavelength region.
However, the spectrometer 110 is not limited thereto, and
may be a spectrometer which measures a spectrum using
various spectroscopic methods such as Raman spectroscopy,
near-infrared spectroscopy, and the like.

[0042] The temperature modulator 120 may modulate
temperature of an object while the spectrometer 110 mea-
sures a spectrum from the object. The temperature modula-
tor 120 may perform modulation according to a predeter-
mined modulation condition. In this case, the modulation
condition may include a range of temperature to be modu-
lated for each user, a number of times to perform modulation
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of temperature, a degree of change in temperature during
modulation of temperature, and the like.

[0043] For example, when the temperature modulator 120
changes temperature of an object within a predetermined
range, a spectrum measured by the spectrometer 110 may
include noise caused by the temperature change of the
object. The temperature modulator 120 may perform modu-
lation of temperature one or more number of times during
measurement of the spectrum. For example, in the case
where the temperature modulator 120 performs modulation
a plurality of times, the temperature modulator 120 may
perform second modulation successively after first modula-
tion ends, so that every time the temperature modulator 120
performs modulation, the temperature of an object may be
continuously increased within a predetermined range of
temperature. Alternatively, in the case where the temperature
modulator 120 performs modulation a plurality of times, the
temperature modulator 120 may perform second modulation
after the first modulation ends and the temperature of an
object is decreased to a temperature at the time of starting
the first modulation, so that every time the temperature
modulator 120 performs modulation, the temperature of an
object may be changed within the same range.

[0044] Further, the temperature modulator 120 may per-
form modulation of temperature to change temperature by 1°
C. or more every time the temperature modulator 120
performs temperature modulation. Generally, a spectrum
obtained from an object may include noise caused by a
change in temperature, humidity, and the like of the object
due to factors derived from an external environment and/or
the object itself. In an example embodiment, in order to
effectively remove noise, caused by a change in temperature,
from the measured spectrum, temperature modulation of the
object is performed so that the temperature of the object is
changed by 1° C. or more, thereby minimizing an effect
derived from other factors.

[0045] The temperature modulator 120 may include a
heater (not shown) and a temperature sensor (not shown).
The heater may supply heat energy to an object for tem-
perature modulation of the object. The temperature sensor
may measure temperature of the object which is changed by
the heat energy supplied by the heater. By interaction of the
heater with the temperature sensor, modulation of tempera-
ture of the object may be performed.

[0046] For example, when the heater starts to supply heat
energy to an object under the control of the spectrum
processor 130, the temperature sensor may measure in real
time the temperature of the object. Further, the temperature
sensor may provide feedback on the measured temperature
information to the heater. Based on the temperature infor-
mation received from the temperature sensor, the heater may
determine whether the temperature of the object reaches a
target temperature. In the case where the temperature of the
object does not reach the target temperature, the heater may
further supply heat energy to the object.

[0047] In the embodiment, it is assumed that the spec-
trometer 110 and the temperature modulator 120 are inte-
grally formed in a single hardware device, but the configu-
ration is not limited thereto.

[0048] The spectrum processor 130 may be electrically
connected to the spectrometer 110 and the temperature
modulator 120. In response to a request for measuring a
spectrum, the spectrum processor 130 may control the
spectrometer 110 and the temperature modulator 120.
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[0049] The spectrum processor 130 may receive an elec-
tric signal related to a spectrum for each change in tempera-
ture, which is measured during modulation of temperature of
an object, and may process the received electric signal.
[0050] For example, in the case where the spectrometer
110 includes an array of a plurality of light sources which
emit light of different wavelengths, the spectrum processor
130 may reconstruct a spectrum of an object by using the
electric signal received from the spectrometer 110. The
reconstructed spectrum may be used to analyze components
of an object. The components of the object may include
blood glucose, calories, alcohol, triglycerides, proteins, cho-
lesterol, uric acid, and the like.

[0051] Further, in order to effectively analyze the compo-
nents of the object by using the reconstructed spectrum, the
spectrum processor 130 may remove noise, caused by a
change in temperature, from the reconstructed spectrum. To
this end, the spectrum processor 130 may extract a tempera-
ture change vector, which represents characteristics for
respective wavelengths of the spectrum, based on a spec-
trum according to a change in temperature of an object. For
example, the spectrum processor 130 may extract the tem-
perature change vector by using Principal Component
Analysis (PCA), Singular Value Decomposition (SVD), and
the like, but is not limited thereto.

[0052] In addition, upon extracting the temperature
change vector, the spectrum processor 130 may correct a
spectrum by using the extracted temperature change vector.
In this case, the spectrum processor 130 may remove noise
of a spectrum by using a noise removal method such as a
least square method and the like.

[0053] Forexample, once a spectrum is measured from an
object for calibration, the spectrum processor 130 may
extract the temperature change vector based on the measured
spectrum and may store the extracted temperature change
vector. Further, once a spectrum is measured from an object
to measure a target component, the spectrum processor 130
may remove noise, caused by a temperature change, from
the measured spectrum by using the temperature change
vector.

[0054] FIG. 2 is a diagram schematically illustrating a
structure of a spectrum processing apparatus according to an
example embodiment.

[0055] Referring to FIGS. 1 and 2, the spectrometer 110 of
the spectrum processing apparatus 100 includes an LED
array having N number of LED light sources arranged on a
circular frame. Further, a photodiode detector PD may be
disposed at the center of the circular frame. Here, a shape of
the frame is not limited to a circular shape, and may be
modified depending on devices in which the spectrum
processing apparatus 100 is mounted.

[0056] Each LED light source may have at least some of
peak wavelengths %, A,, A;, . . ., and A, in different
wavelength bands. The peak wavelengths of each LED may
be preset, and may be set based on a spectrum measurement
portion, a target component to be analyzed, and the like.
[0057] Each LED may sequentially emit the wavelengths
Ags Aoy Ay . . ., and A onto the object in a time-division
manner. In this case, driving conditions of light sources,
which include a driving sequence, a driving time, and the
like of light sources, may be preset. After light is emitted by
each of the LEDs onto the object for component analysis, the
emitted light is absorbed into, or reflected or scattered from
the object depending on tissue properties of the object. In
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this case, photoreaction properties of the object may vary
depending on the types of the object and the wavelengths of
light, and the degree of absorption, reflection, transmission,
or scattering of light by the object may vary depending on
the photoreaction properties of the object.

[0058] One or more temperature modulators 120 may be
disposed near a hole, through which light emitted by the
LED array and light scattered or reflected from an object
passes, or near a transparent material TM. As described in
FIG. 2, the temperature modulator 120 includes a heater
120q for supplying heat energy to an object, and a tempera-
ture sensor 1205 for measuring temperature of the object.
The heater 120a and the temperature sensor 1205 may
interact with each other to allow for modulation of tempera-
ture.

[0059] The spectrum processor 130 may be electrically
connected to the spectrometer 110 and the temperature
modulator 120. In order to obtain a spectrum, the spectrum
processor 130 may control the temperature modulator 120 to
perform modulation of temperature of the object. A condi-
tion for temperature modulation may be predetermined. For
example, a range of temperature for modulation and the like
may be predetermined according to a measurement portion
of a user, an external environment (e.g., external temperature
at normal times, etc.) of an area where the user lives, and the
like.

[0060] At the same time when controlling modulation of
temperature, the spectrum processor 130 may drive each
LED of the LED array. The spectrum processor 130 may
sequentially drive each LED of the LED array. However, the
driving of the LED array is not limited thereto and driving
conditions of each LED, which include a driving sequence,
a driving time, and the like of each LED, may be preset
according to various measurement circumstances, e.g., a
shape of a mounted device, a measurement portion, and a
target component to be analyzed, and the like.

[0061] The spectrum processor 130 may receive a signal
according to a response of the object from the detector PD
of the spectrometer 110. The spectrum processor 130 may
reconstruct a spectrum based on the signal received from the
detector PD.

[0062] For example. the spectrum processor 130 may
obtain a linearly independent equation based on a data set of
signals according to a response of the object detected by the
detector PD, and may reconstruct a spectrum based on the
linearly independent equation. For example, the spectrum
processor 130 may obtain a linear equation written in matrix
form as represented by the following Equation 1, and may
obtain the reconstructed spectrum by using a method of
solving the linear equation.

Az=U

[0063] Herein, A is a matrix of properties of a reference
spectrum measured according to driving conditions of each
light source; U is a matrix of values actually measured from
the object for component analysis under the same driving
conditions of each light source; and z is a spectrum to be
recovered. In this case, there may be an ill-conditioned
matrix A, in which a system value of Equation 1, which is
a linear equation, may be incorrect. In such a case, by using
a solution to an inverse problem, a spectrum of an object
may be recovered with no limitations on the resolution size
of the spectrum, and with high accuracy by using a mini-
mum number of spectrum curves that are used. The inverse

[Equation 1]
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problem may be solved by Tikhonov regularization method,
which is represented by the following Equation 2.

(QE+ATA)Z,=Au

Z.~(0E+4T4)" 4y

[0064] Herein, u is each component of a matrix U actually
measured by the detector; E is a unit matrix; A is a kernel
matrix, and a matrix of a reference spectrum measured under
the driving conditions of each light source; and a is a unit of
noise removal. The Equation 2 may be solved using any
known method, e.g., a least square method which may be
solved using, e.g., QR decomposition.

[0065] FIGS. 3A to 3C are diagrams explaining a spec-
trum processing process according to an example embodi-
ment.

[0066] Referring to FIGS. 1 to 3C, an example of pro-
cessing a spectrum according to a change in temperature by
the spectrum processing apparatus 100 will be described
below.

[0067] FIG. 3A is a diagram illustrating a change in
absorbance of a spectrum according to a change in tempera-
ture of an object by modulation of temperature. As illus-
trated in FIG. 3A, as the temperature modulator 120 gradu-
ally modulates the temperature of the object from 25.8° C.
to 32.0° C., absorbance of a spectrum obtained by the
spectrometer 110 is gradually decreased. Generally, the
spectrum obtained by the spectrometer 110 is affected by a
change in temperature, in which in the case of near-infrared
spectroscopy, when temperature is changed by 1° C., absor-
bance is generally changed by about 107>, Accordingly, in an
environment where temperature is not maintained at a
constant level, it may be difficult to obtain a spectrum with
high sensitivity by using the spectrometer 110. Thus, it is
desirable to correct characteristics of respective wavelengths
of the obtained spectrum according to a change in tempera-
ture.

[0068] FIG. 3B is a diagram illustrating a temperature
change vector extracted from the spectrum for each tem-
perature of FIG. 3A using Principal Component Analysis
(PCA), Singular Value Decomposition (SVD), and the like.
As illustrated in FIG. 3B, the extracted temperature change
vector represents characteristics of respective wavelengths
of the spectrum according to a change in temperature.
[0069] FIG. 3C is a diagram illustrating a correction result
of the spectrum of FIG. 3A by the spectrum processor 130
using the temperature change vector of FIG. 3B. As illus-
trated in FIG. 3C, noise caused by a change in temperature
may be removed from the measured spectrum by applying a
least square method and the like.

[0070] FIG. 4 is a block diagram illustrating a spectrum
processing apparatus according to another embodiment.
[0071] Referring to FIG. 4, the spectrum processing appa-
ratus 400 includes the spectrometer 110, the temperature
modulator 120, the spectrum processor 130, an output
interface 410 (such as output device, or output circuitry), a
memory 420, and a communication interface 430. The
spectrometer 110, the temperature modulator 120, and the
spectrum processor 130 may be the same or similar to those
corresponding elements described above. Repetitive
descriptions will be omitted and the following description
will be mainly with regards to the output interface 410, the
memory 420, and the communication interface 430.

[0072] The output interface 410 may output various types
of information processed by the spectrum processor 130.

[Equation 2]
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The output interface 410 may include a visual output module
such as a display and the like, an audio output module such
as a speaker and the like, a haptic module generating
vibrations or tactile sensation, and the like. For example, the
output interface 410 may output a corrected spectrum. In this
case, the output interface 410 may output a spectrum before
correction and/or a temperature change vector along with the
corrected spectrum.

[0073] The memory 420 may store various information
such as user feature information, information on driving
conditions of light sources of the spectrometer 110, and the
like. Further, the memory 420 may store a processing result
of the spectrum processor 130, e.g., a background spectrum,
a temperature change vector, and spectra before and after
noise removal.

[0074] The memory 420 may include at least one storage
medium of a flash memory type memory, a hard disk type
memory, a multimedia card micro type memory, a card type
memory (e.g., an SD memory, an XD memory, etc.), a
Random Access Memory (RAM), a Static Random Access
Memory (SRAM), a Read Only Memory (ROM), an Elec-
trically Erasable Programmable Read Only Memory (EE-
PROM), a Programmable Read Only Memory (PROM), a
magnetic memory, a magnetic disk, and an optical disk, and
the like, but is not limited thereto.

[0075] The communication interface 430 may be con-
nected to an external device through wired and wireless
communications, and may receive various types of infor-
mation from the external device. Examples of the external
device may include an information processing device such
as a smartphone, a tablet PC, a laptop computer, a desktop
computer, and the like, but the external device is not limited
thereto, and depending on an embodiment, may have a
function of analyzing components of an object.

[0076] For example, the communication interface 430
may receive a request for measuring a spectrum for com-
ponent analysis of an object from the external device, and
may transmit the received request to the spectrum processor
130. In this case, the spectrum processor 130 may control the
spectrometer 110 in response to the request for measuring
the spectrum. Further, the communication interface 430 may
receive criteria, such as the driving conditions of the light
sources and the like, from the external device, and may
transmit the received criteria to the spectrum processor 130.
In this case, the spectrum processor 130 may store the
received criteria in the memory 420. In addition, the com-
munication interface 430 may transmit a processing result of
the spectrum processor 130 to the external device.

[0077] The communication interface 430 may communi-
cate with the external device by using Bluetooth communi-
cation, Bluetooth Low Energy (BLE) communication, Near
Field Communication (NFC), WLAN communication, Zig-
bee communication, Infrared Data Association (IrDA) com-
munication, Wi-Fi Direct (WFD) communication, Ultra-
Wideband (UWB) communication, Ant+ communication,
WIFI communication, Radio Frequency Identification
(RFID) communication, 3G communication, 4G communi-
cation, 5G communication, and the like. However, this is
merely exemplary and is not intended to be limiting.

[0078] FIG. 5 is a flowchart illustrating a spectrum pro-
cessing method according to an example embodiment.
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[0079] The embodiment of FIG. 5 may be an example of
a spectrum processing method performed by any one of the
spectrum processing apparatuses 100 and 400 described
above.

[0080] Referring to FIG. 5, the spectrum processing appa-
ratus may perform modulation of temperature of an object in
510. The temperature modulation of the object may be
performed according to a modulation condition predeter-
mined in consideration of various measurement circum-
stances. The modulation of temperature may be performed
several times during a predetermined period of time, and
may be performed to change temperature by 1° C. or more,
so as to minimize effects derived from factors other than
temperature.

[0081] Then, the spectrum processing apparatus may mea-
sure a spectrum according to a change in temperature from
the object during modulation of temperature of the object in
520. In this case, the object may include a pure water
solution, a human skin tissue containing a target component,
and the like, but is not limited thereto.

[0082] Subsequently. the spectrum processing apparatus
may extract a temperature change vector, which represents
characteristics of respective wavelengths, based on a spec-
trum for each temperature which is changed by modulation
of temperature in 530. For example, the spectrum processing
apparatus may extract the temperature change vector by
using Principal Component Analysis (PCA). Singular Value
Decomposition (SVD), and the like. In this case, the tem-
perature change vector may include noise of a spectrum
which is caused by a temperature change.

[0083] Next, the spectrum processing apparatus may cor-
rect a spectrum by using the extracted temperature change
vector in 540. For example, the spectrum processing appa-
ratus may remove noise for each wavelength, which is
caused by a temperature change, from a spectrum by using
a least square method and the like based on the temperature
change vector which represents characteristics of respective
wavelengths according to a temperature change. In this case,
the corrected spectrum may be the spectrum measured in
520, or a spectrum which is not illustrated but measured
from the object, such as human skin, for analysis of a target
component.

[0084] FIG. 6 is a diagram schematically illustrating a
structure of a biological component analyzing apparatus
according to an example embodiment. FIG. 7 is a block
diagram illustrating the biological component analyzing
apparatus of FIG. 6.

[0085] As illustrated in FIG. 6, an example of a biological
component analyzing apparatus 600 may be a smart watch-
type wearable device. However, the wearable device is not
limited thereto, and may be modified in various forms such
as a smartphone, a tablet PC, a smart band, and the like. The
biological component analyzing apparatus 600 of FIGS. 6
and 7 may include the aforementioned spectrum processing
technique.

[0086] Referring to FIGS. 6 and 7, the biological compo-
nent analyzing apparatus 600 includes a main body 610 and
a strap 620.

[0087] The strap 620 may be connected to the main body
610, and may be flexible such that the strap 620 may be bent
around a user’s wrist or may be bent in a manner which
allows the strap 620 to be detached from the user’s wrist. In
this case, a battery, which supplies power to the biological
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component analyzing apparatus 600, may be embedded in
the main body 610 or the strap 620.

[0088] Further, a spectrum processing apparatus 710 and a
processor 720 may be mounted in the main body 610. The
spectrum processing apparatus 710 may be disposed at a rear
surface of the main body 610 to come into contact with a
user’s wrist (e.g., a top portion of the user’s wrist). As
illustrated in FIGS. 1 and 2, the spectrum processing appa-
ratus 710 may include the spectrometer, the temperature
modulator, and the spectrum processor. The spectrometer
may include a light source having an array of a plurality of
LEDs and a detector. The temperature modulator may
include a heater and a temperature sensor. According to
example embodiments, the spectrum processor may also be
included in the processor 720.

[0089] Upon receiving a request for analyzing a biological
component from a user, the processor 720 may control the
spectrum processing apparatus 710.

[0090] The spectrum processing apparatus 710 may drive
the spectrometer to obtain a spectrum from the user’s wrist
under the control of the processor 720. In this case, the
spectrometer may emit light in a near-infrared range or a
mid-infrared range. The spectrometer may include a Linear
Variable Filter (LVF). The LVF has spectral properties
which vary linearly over the entire length. Accordingly, the
LVF may scatter the incident light in order of wavelengths.
Although having a compact size, the LVF has excellent light
scattering ability.

[0091] In addition, the spectrum processing apparatus 710
may modulate temperature of an object during measurement
of a spectrum. The temperature modulator may modulate
temperature one or more number of times according to a
predetermined range of temperature, a number of times of
change, and the like, and may change temperature by 1° C.
or more in an operation of temperature modulation. Such
condition for modulation may be optimized according to the
computing performance and size of the biological compo-
nent analyzing apparatus 700, a measurement portion, indi-
vidual characteristics of users, and the like. In an example
embodiment, the spectrum processing apparatus 710 may
perform modulation of temperature of the object by driving
the temperature modulator at the time of calibration and/or
estimation of a biological component. That is, the modula-
tion of temperature may be performed only at the time of
calibration and may not be performed at the time of ana-
lyzing a biological component.

[0092] Once the spectrometer obtains a spectrum accord-
ing to a change in temperature by modulation of tempera-
ture, the spectrum processor of the spectrum processing
apparatus 710 may extract a temperature change vector,
which represents characteristics of respective wavelengths
according to the change in temperature, from the obtained
spectrum, and may correct a spectrum for analysis of a
biological component by using the extracted temperature
change vector. In this case, the spectrum processor may
remove noise, caused by the change in temperature, from the
spectrum by using a least square method and the like.
[0093] The processor 720 may be connected to the spec-
trum processing apparatus 710 to control the spectrum
processing apparatus 710. For example, upon receiving a
request for estimating a biological component, the processor
720 may control the spectrum processing apparatus 710.
[0094] Once a spectrum, from which noise caused by the
change in temperature is removed, is output, the processor
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720 may analyze a biological component based on the
output spectrum. For example, a biological component to be
analyzed may include in vivo components such as blood
glucose, calories, triglycerides, alcohol, and the like. In this
case, the processor 720 may obtain an analysis result of a
biological component by using a component estimation
model which is pre-generated according to components to be
analyzed. For example, for the analysis of blood glucose, a
blood glucose estimation model may be built by using the
Beer-Lambert law.

[0095] The processor 720 may determine whether to per-
form calibration according to a change in an estimation
environment, an estimation result of a biological component
and/or a user’s request. For example, upon collecting loca-
tion information of a user, in the case where the user moves
to an area in which external temperature is changed signifi-
cantly compared to a previous measurement area, the pro-
cessor 720 may determine to newly perform calibration.
Further, in the case where a predetermined condition for
calibration is satisfied, such as a case where a total number
of times an estimated biological component value is not
within a normal range is greater than or equal to a prede-
termined threshold, or a case where abnormality greater than
or equal to a predetermined threshold successively occurs
within a predetermined period of time, the processor 720
may determine to perform calibration.

[0096] Upon determining that calibration is to be per-
formed, the processor 720 may control the spectrum pro-
cessing apparatus 710 to re-obtain a temperature change
vector. In this case, the spectrum processing apparatus 710
may perform modulation of temperature to change tempera-
ture of an object, and may extract a temperature change
vector, which represents characteristics of respective wave-
lengths, from the measured spectrum according to a change
in temperature of the object.

[0097] The biological component analyzing apparatus 600
may further include a manipulator 615 and a display 614
which are mounted in the main body 610. The manipulator
615 receives a user command and transmits the received
command to the processor 720. The manipulator 615 may
include a power button to turn on/off the biological compo-
nent analyzing apparatus 600.

[0098] Under the control of the processor 720, the display
614 may provide additional information, such as an analysis
result of components, warning and alarm information, and
the like, to a user by various visual methods.

[0099] Further, the biological component analyzing appa-
ratus 600 may include a communication interface 730 which
communicates with an external device such as a user’s
mobile terminal, a smartphone, a tablet PC, a desktop
computer, a laptop computer, and the like. The communi-
cation interface 730 may be mounted in the main body 610.
[0100] According to the embodiments described above,
accuracy may be further improved compared to a case where
blood glucose values are calculated using a spectrum
obtained by applying multiplicative scatter correction
(MSO).

[0101] The example embodiments may be implemented as
a computer-readable code written on a computer-readable
recording medium. The computer-readable recording
medium may be any type of recording device in which data
is stored in a computer-readable manner.

[0102] Examples of the computer-readable recording
medium include a ROM, a RAM, a CD-ROM, a magnetic
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tape, a floppy disc, an optical data storage, and a carrier
wave (e.g., data transmission through the Internet). The
computer-readable recording medium can be distributed
over a plurality of computer systems connected to a network
so that a computer-readable code is written thereto and
executed therefrom in a decentralized manner. Functional
programs, codes, and code segments for implementing the
example embodiments can be easily deduced by one of
ordinary skill in the art.

[0103] At least one of the components, elements, modules
or units described herein may be embodied as various
numbers of hardware, software and/or firmware structures
that execute respective functions described above, according
to an example embodiment. For example, at least one of
these components, elements or units may use a direct circuit
structure, such as a memory, a processor, a logic circuit, a
look-up table, etc. that may execute the respective functions
through controls of one or more microprocessors or other
control apparatuses. Also, at least one of these components,
elements or units may be specifically embodied by a module,
a program, or a part of code, which contains one or more
executable instructions for performing specified logic func-
tions, and executed by one or more microprocessors or other
control apparatuses. Also, at least one of these components,
elements or units may further include or implemented by a
processor such as a central processing unit (CPU) that
performs the respective functions, a microprocessor, or the
like. Two or more of these components, elements or units
may be combined into one single component, element or
unit which performs all operations or functions of the
combined two or more components, elements of units. Also,
at least part of functions of at least one of these components,
elements or units may be performed by another of these
components, element or units. Further, although a bus is not
illustrated in the block diagrams, communication between
the components, elements or units may be performed
through the bus. Functional aspects of the above example
embodiments may be implemented in algorithms that
execute on one or more processors. Furthermore, the com-
ponents, elements or units represented by a block or pro-
cessing steps may employ any number of related art tech-
niques for electronics configuration, signal processing and/
or control, data processing and the like.

[0104] While a few example embodiments have been
described above, the scope of the disclosure is not limited
thereto and various modifications and improvements made
by those of ordinary skill in the art to concepts defined in the
following claims should be understood to fall within the
scope of the disclosure.

What is claimed is:

1. A spectrum processing apparatus comprising:

a temperature modulator configured to perform modula-
tion of a temperature of an object;

a spectrometer configured to obtain a first spectrum based
on the temperature of the object which is changed by
the modulation; and

a spectrum processor configured to extract a temperature
change vector, which represents characteristics of
respective wavelengths according to a change in the
temperature, based on the first spectrum, and to correct
a second spectrum based on the extracted temperature
change vector.

2. The spectrum processing apparatus of claim 1, wherein

the temperature modulator comprises:
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a heater configured to supply heat energy to the object;

and

a temperature sensor configured to detect the temperature

of the object.

3. The spectrum processing apparatus of claim 1, wherein
the temperature modulator is further configured to perform
the modulation to change the temperature of the object by 1°
C. or more.

4. The spectrum processing apparatus of claim 1, wherein
the temperature modulator is further configured to perform
the modulation at least one time to change the temperature
of the object within a predetermined range of temperature.

5. The spectrum processing apparatus of claim 4, wherein
the temperature modulator is further configured to succes-
sively perform first modulation and second modulation, such
that the temperature of the object is continuously increased
by the first modulation and the second modulation within the
predetermined range of temperature.

6. The spectrum processing apparatus of claim 4, wherein
the temperature modulator is further configured to perform
first modulation of the temperature, and perform second
modulation in response to the temperature of the object
being decreased to a temperature at a time of starting the first
modulation, such that the temperature of the object is
changed by the first modulation within the same range as a
changed temperature of the object by the second modula-
tion.

7. The spectrum processing apparatus of claim 1, wherein
the spectrometer is further configured to obtain the first
spectrum by using at least one of Infrared spectroscopy and
Raman spectroscopy.

8. The spectrum processing apparatus of claim 1, wherein
the spectrometer comprises:

at least one light source configured to emit light onto the

object; and

a detector configured to detect light scattered and/or

reflected from the object.

9. The spectrum processing apparatus of claim 1, wherein
the spectrum processor is further configured to extract the
temperature change vector based on at least one of Principal
Component Analysis (PCA) and Singular Value Decompo-
sition (SVD).

10. The spectrum processing apparatus of claim 1,
wherein the spectrum processor is further configured to
remove noise, caused by the change in the temperature, from
the second spectrum by applying a noise removal method
including a least square method based on the extracted
temperature change vector.

11. The spectrum processing apparatus of claim 1,
wherein the spectrometer is further configured to:

obtain the first spectrum from the object that comprises at

least one of a pure water solution and human skin
containing a target component, and

obtain the second spectrum from a second object com-

prising the human skin containing the target compo-
nent.

12. The spectrum processing apparatus of claim 1, further
comprising an output interface configured to output a pro-
cessing result of the spectrum processor.

13. The spectrum processing apparatus of claim 1, further
comprising a communication interface configured to trans-
mit a processing result of the spectrum processor to an
external device.
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14. A spectrum processing method comprising:

performing modulation of a temperature of an object;

obtaining a first spectrum based on the temperature of the
object which is changed by the modulation;

extracting a temperature change vector, which represents
characteristics of respective wavelengths according to a
change in the temperature, based on the first spectrum;
and

correcting a second spectrum based on the extracted

temperature change vector.

15. The spectrum processing method of claim 14, wherein
the performing the modulation comprises performing the
modulation to change the temperature of the object by 1° C.
or more.

16. The spectrum processing method of claim 14, wherein
the performing the modulation comprises performing the
modulation at least one time to change the temperature of the
object within a predetermined range of temperature.

17. The spectrum processing method of claim 14, wherein
the extracting the temperature change vector comprises
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extracting the temperature change vector based on at least
one of Principal Component Analysis (PCA) and Singular
Value Decomposition (SVD).

18. The spectrum processing method of claim 14, wherein
the correcting the second spectrum comprises removing
noise, caused by the change in the temperature, from the
second spectrum by applying a noise removal method
including a least square method based on the extracted
temperature change vector.

19. The spectrum processing method of claim 14, wherein
the obtaining comprises obtaining the first spectrum from
the object that comprises at least one of a pure water solution
and human skin containing a target component,

the spectrum processing method further comprising:

obtaining the second spectrum from a second object that

comprises the human skin containing the target com-
ponent.

20. The spectrum processing method of claim 14, further
comprising outputting the corrected second spectrum.

L S T T
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