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(7) ABSTRACT

A bio-information processing apparatus includes: an in vivo
material measurer which measures an in vivo material of a
user; and a processor which extracts a pattern of change of
the in vivo material of the user based on a measurement
result of the in vivo material, compares the extracted pattern
of change of the in vivo material with a biological rhythm

AG6IB 5/00 (2006.01) reference model, and determines whether biological rhythms
AG6IB 5/145 (2006.01) of the user are disrupted based on aresult of the comparison.
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APPARATUS AND METHOD FOR
PROCESSING BIO-INFORMATION

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Pat-
ent Application No. 10-2017-0097749, filed on Aug. 1, 2017
in the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference in its entirety.

BACKGROUND

1. Field

[0002] Apparatuses and methods consistent with exem-
plary embodiments relate to processing bio-information of a
subject.

2. Description of the Related Art

[0003] Biological rhythms are periodic physiological fluc-
tuations in the human body, in which physiological activi-
ties, such as human brain waves, body temperature, blood
pressure, heart rate, total body fluid and sodium, and the like,
occur periodically according to ultradian rhythms having a
predetermined period, circadian rhythms having about a
24-hour period, circatrigintan rhythms having about a one-
month period, and circannual rhythms having about a one-
year period.

[0004] As a standard method of measuring circadian
rhythms, there is a method of measuring a change in the
level of melatonin in saliva or blood, or a method of
measuring bio-activity by using an accelerometer. However,
such measuring methods have problems in that the methods
are performed only in a limited measurement environment
and under limited test conditions, such that it may be
difficult to continuously monitor circadian rhythms easily in
daily life; and the methods depend on only macroscopic
movements, thus lowering accuracy and sensitivity of mea-
surement.

SUMMARY

[0005] Exemplary embodiments address at least the above
problems and/or disadvantages and other disadvantages not
described above. Also, the exemplary embodiments are not
required to overcome the disadvantages described above,
and may not overcome any of the problems described above.
[0006] According to an aspect of an exemplary embodi-
ment, there is provided a bio-information processing appa-
ratus including: an in vivo material measurer configured to
measure an in vivo material of a user; and a processor
configured to extract a pattern of change of the in vivo
material of the user based on a measurement result of the in
vivo material, and compare the extracted pattern of change
of the in vivo material with a biological rhythm reference
model, and determine whether biological rhythms of the
user are disrupted based on a result of the comparison.
[0007] Here, the in vivo material may include at least one
of triglyceride, free fatty acid, blood glucose, amino acid,
and various hormone concentrations.

[0008] Further, the biological rhythms may include circa-
dian rhythms.
[0009] The biological rhythm reference model may be

classified into one or more groups based on user feature
information which includes at least one of age, gender,
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stature, weight, and health information of a plurality of
users, and based on user context information that includes at
least one of sleep, meal, exercise, heart rate, blood pressure,
body temperature, a measurement time, and a measurement
place.

[0010] In addition, upon receiving a bio-information pro-
cessing request from the user, the processor may select the
biological rhythm reference model from among the one or
more groups based on the user feature information and the
user context information.

[0011] In this case, the pattern of change of the in vivo
material may include at least one of an amount of change
over time in the in vivo material, a time of reaching a
maximum value of the in vivo material, and an area under
curve (AUC) of a graph of a time-in vivo material concen-
tration.

[0012] When at least one of a difference between the
amount of change over time in the in vivo material and the
amount of change in the biological rhythm reference model,
a difference between the time of reaching the maximum
value of the in vivo material and a time of reaching a
maximum value in the biological rhythm reference model,
and a difference between the area under curve (AUC) in the
graph of the time-in vivo material concentration and an AUC
in the biological rhythm reference model is outside a pre-
determined reference range, the processor determines that
the biological rhythms of the user are disrupted.

[0013] Moreover, the in vivo material measurer may
include: a light source configured to emit a light onto the
user; and a detector configured to detect the light returning
from the user.

[0014] Upon determining that the biological rhythms of
the user are disrupted, the processor may generate warning
information based on the determination.

[0015] The bio-information processing apparatus may fur-
ther include an output interface configured to output at least
one of the measured in vivo material information, the
extracted pattern of change of the in vivo material, the
determination on whether the biological rhythms are dis-
rupted, and the warning information.

[0016] According to an aspect of another exemplary
embodiment, there is provided a bio-information processing
method including: measuring an in vivo material of a user;
extracting a pattern of change of the in vivo material of the
user based on a measurement result of the in vivo material;
comparing the extracted pattern of change of the in vivo
material with a biological rhythm reference model; and
determining whether biological rhythms of the user are
disrupted based on a result of the comparison.

[0017] Here, the in vivo material may include at least one
of triglyceride, free fatty acid, blood glucose, amino acid,
and various hormone concentrations.

[0018] Further, the biological rhythms may include circa-
dian rhythms.
[0019] In addition, the biological rhythm reference model

may be classified into one or more groups based on user
feature information which includes at least one of age,
gender, stature, weight, and health information of a plurality
of users, and based on user context information that includes
sleep, meal, exercise, heart rate, blood pressure, body tem-
perature, a measurement time, and a measurement place.

[0020] The method may further include selecting the bio-
logical rhythm reference model from among the one or more
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groups based on the user feature information and the user
context information in response to receiving a bio-informa-
tion processing request.

[0021] Here, the pattern of change of the in vivo material
may include at least one of an amount of change over time
in the in vivo material, a time of reaching a maximum value
of the in vivo material, and an area under curve (AUC) of a
graph of a time-in vivo material concentration.

[0022] The determining whether the biological rhythms
are disrupted may include determining that the biological
rhythms of the user are disrupted in response to at least one
of a difference between the amount of change over time in
the in vivo material and an amount of change in the
biological rhythm reference model, a difference between the
time of reaching a maximum value of the in vivo material
and a time of reaching a maximum value in the biological
rhythm reference model, and a difference between the area
under curve (AUC) in the graph of the time-in vivo material
concentration and an AUC in the biological rhythm refer-
ence model being outside a predetermined reference range.
[0023] Here, the measuring of the in vivo material of the
user may include: emitting a light onto the user; and detect-
ing the light returning from the skin.

[0024] Further, upon determining that the biological
rhythms of the user are disrupted, the bio-information pro-
cessing method may include generating warning informa-
tion based on the determination.

[0025] Moreover, the bio-information processing method
may further include outputting at least one of the measured
in vivo material information, the extracted pattern of change
of the in vivo material, the determination on whether the
biological rhythms are disrupted, and the warning informa-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The above and/or other aspects will be more appar-
ent by describing certain exemplary embodiments, with
reference to the accompanying drawings, in which:

[0027] FIG. 1 illustrates a bio-information processing
apparatus according to an exemplary embodiment.

[0028] FIG. 2A is an exemplary diagram explaining an
example of determining whether biological rhythms are
misaligned or disrupted, by comparing a pattern of change
of an in vivo material with a biological rhythm reference
model.

[0029] FIG. 2B is an exemplary diagram explaining
another example of determining whether biological rhythms
are misaligned or disrupted, by comparing a pattern of
change of an in vivo material with a biological rhythm
reference model.

[0030] FIG. 3 illustrates a bio-information processing
apparatus according to another exemplary embodiment.
[0031] FIG. 4 illustrates a bio-information processing
apparatus according to another exemplary embodiment.
[0032] FIG. 5 illustrates a bio-information processing
method according to an exemplary embodiment.

[0033] FIG. 6 illustrates a bio-information processing
method according to another exemplary embodiment.

DETAILED DESCRIPTION

[0034] Exemplary embodiments are described in greater
detail below with reference to the accompanying drawings.
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[0035] 1Inthe following description, like drawing reference
numerals are used for like elements, even in different
drawings. The matters defined in the description, such as
detailed construction and elements, are provided to assist in
a comprehensive understanding of the exemplary embodi-
ments. However, it is apparent that the exemplary embodi-
ments can be practiced without those specifically defined
matters. Also, well-known functions or constructions are not
described in detail since they would obscure the description
with unnecessary detail.

[0036] Any references to singular may include plural
unless expressly stated otherwise. In the present specifica-
tion, it should be understood that the terms, such as ‘includ-
ing’ or ‘having,’ etc., are intended to indicate the existence
of the features, numbers, steps, actions, components, parts,
or combinations thereof disclosed in the specification, and
are not intended to preclude the possibility that one or more
other features, numbers, steps, actions, components, parts, or
combinations thereof may exist or may be added.

[0037] Expressions such as “at least one of,” when pre-
ceding a list of elements, modify the entire list of elements
and do not modify the individual elements of the list.
[0038] FIG. 1is a block diagram illustrating an example of
a bio-information processing apparatus.

[0039] Referring to FIG. 1, the bio-information processing
apparatus 100 may extract a pattern of change of an in vivo
material of a user based on a measurement result of the in
vivo material, may compare the extracted pattern of change
of the in vivo material with a biological rhythm reference
model to determine whether biological rhythms of the user
are misaligned or disrupted, and may provide a determina-
tion result to the user.

[0040] Biological rhythms occur in the human body, and
its periodicity may be broken or changed by external envi-
ronment factors such as light, darkness, temperature, and life
pattern. For example, working at night or irregular shifts
may disrupt biological circadian rhythms and sleep/wake
cycle. The disruption of biological circadian rhythms may
cause psychosomatic disorders and impairment of perfor-
mance efficiency. If biological rhythms occurring in the
human body coincide with an external environment (e.g.:
daytime/nighttime), it may be described that the biological
rhythms are aligned, whereas if biological rhythms do not
coincide with an external environment, it may be described
that the biological rhythms are misaligned or disrupted. In
other words, if the circadian clock of the body is synchro-
nized with the cycles of nature (e.g., the sun, the moon, etc.),
it may be described that the body is aligned with nature and
the biological rhythms are aligned. Otherwise, the biological
rhythms may be determined as being disrupted or mis-
aligned.

[0041] Further, some of metabolites produced during in
vivo metabolism after food intake correlate with a change in
circadian rhythms, and the bio-information processing appa-
ratus 100 may determine whether biological rhythms are
misaligned or disrupted by monitoring and/or tracing a
pattern of change of the in vivo material.

[0042] In this case, the in vivo material may include
metabolites produced during metabolism, and may include
at least one of triglyceride, free fatty acid, blood glucose,
amino acid, and various hormone concentrations.

[0043] Hereinafter, for convenience of explanation, if nec-
essary, description will be made based on an exemplary
embodiment in which the bio-information processing appa-
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ratus 100 determines whether circadian rhythms are mis-
aligned or disrupted by monitoring a pattern of change of
blood triglyceride during lipid metabolism.

[0044] The bio-information processing apparatus 100 may
be implemented as a software module or manufactured in
the form of a hardware chip to be embedded in various types
of electronic apparatuses. Examples of the electronic appa-
ratuses may include a cellular phone, a smartphone, a tablet
PC, a laptop computer, a personal digital assistant (PDA), a
portable multimedia player (PMP), a navigation, an MP3
player, a digital camera, a wearable device, and the like, and
examples of the wearable device may include a watch-type
device, wristband-type device, a ring-type device, a waist
belt-type device, a necklace-type device, an ankle band-type
device, a thigh band-type device, a forearm band-type
device, and the like. However, the electronic device is not
limited to the above examples, and the wearable device is
neither limited thereto.

[0045] Referring to FIG. 1, the bio-information processing
apparatus 100 includes an in vivo material measurer 110 and
a processor 120. Here, the processor 120 may be composed
of one or more processors, a memory, and a combination
thereof.

[0046] In the exemplary embodiment, the in vivo material
measurer 110 may measure in vivo material by using a
noninvasive method.

[0047] For example, the in vivo material measurer 110
may measure a change in the in vivo material at regular time
intervals or successively, by emitting Near Infrared (NIR)
light on a subject by using an optical method, and by
detecting light returning therefrom. Further, the in vivo
material measurer 110 may include one or more light
sources and a detector, which will be described later in detail
with reference to FIG. 3.

[0048] The processor 120 may extract a pattern of change
of the in vivo material of a user based on a measurement
result of the in vivo material.

[0049] 1In the exemplary embodiment, the processor 120
may monitor the in vivo material change over time based on
information of the in vivo material change measured at
regular time intervals or successively, and may extract the
pattern of change of the in vivo material.

[0050] For example, based on the information of the in
vivo material change measured at regular time intervals or
successively, the processor 120 may produce a graph (graph
of time-in vivo material concentration) of the in vivo mate-
rial change over time, and may extract the pattern of change
of the in vivo material from the graph of the time-in vivo
material concentration.

[0051] Here, the pattern of change of the in vivo material
may include at least one of the following: an amount of
change over time in the in vivo material, a time of reaching
a maximum value of the in vivo material, and an area under
curve (AUC) of the graph of the time-in vivo material
concentration. However, the pattern of change of the in vivo
material is not limited thereto, and the processor 120 may
extract, as the pattern of change of the in vivo material, a
maximum value, a minimum value, an average value in the
graph of the time-in vivo material concentration, a slope of
a predetermined portion of the graph of the time-in vivo
material concentration, and a shape of the graph of the
time-in vivo material concentration.

[0052] Further, the processor 120 may determine whether
biological rhythms of a user are misaligned or disrupted by
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comparing the extracted pattern of change of the in vivo
material with the biological rhythm reference model.
[0053] Here, the biological rhythm reference model refers
to aligned biological rhythms, and may be a target model to
be used as a reference for comparison of the measured in
vivo material change.

[0054] For example, the biological rhythm reference
model may be generated or classified into one or more
groups based on user feature information which includes one
or more of age, gender, stature, weight, and health informa-
tion; and based on user context information which includes
sleep, meal, exercise, heart rate, blood pressure, body tem-
perature, a measurement time, and a measurement place.
[0055] For example, based on user feature information
indicative of *a man in his thirties with a history of diabetes.’
and user context information indicative of ‘in sleep,” the
biological rhythm reference model may be a biological
rhythm reference model corresponding to ‘thirties,” ‘man,’
‘history of diabetes,” and ‘in sleep’. In this manner, the
biological rhythm reference model may be classified into
one or more groups or categories based on at least one of the
user feature information and/or user context information.
For example, the biological rhythm reference model may
reflect biological rhythm characteristics of a group of “men
in their thirties with a history of diabetes.” In that case, the
biological rhythm reference model may be generated based
on human subjects that belong to the group of “men in their
thirties with a history of diabetes” by monitoring the bio-
logical rhythms of the human subjects.

[0056] Upon receiving a bio-information processing
request from a user, the processor 120 may select at least one
biological rhythm reference model from among one or more
of the groups or the categories based on the user feature
information and the user context information.

[0057] For example, upon receiving a biological rhythm
information processing request based on the measured in
vivo material information, the processor 120 may compare
the biological rhythm information with the measured in vivo
material information based on the user feature information
and the user context information, and may select an optimal
biological rhythm reference model to determine whether
biological rhythms are misaligned or disrupted. For
example, in the case where the user feature information
indicates a man in his thirties with a history of diabetes, the
processor 120 selects a biological rhythm reference model,
corresponding to ‘thirties,” ‘man,” and ‘history of diabetes.’
from the one or more biological rhythm reference model
groups, and compares the selected biological rhythm refer-
ence model with the pattern of change of the measured in
vivo material, to determine whether biological rhythms are
misaligned or disrupted.

[0058] Among differences, including a difference between
an amount of change over time in the in vivo material and
an amount of change in the biological rhythm reference
model, a difference between a time of reaching a maximum
value of the in vivo material and a time of reaching a
maximum value in the biological rhythm reference model,
and a difference between the area under curve (AUC) in the
graph of the time-in vivo material concentration and the
AUC 1n the biological rhythm reference model, in the case
where at least one of the differences falls outside of a
predetermined reference range, the processor 120 may deter-
mine that a user’s biological rhythms are misaligned or
disrupted.
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[0059] Hereinafter, with reference to FIGS. 2A and 2B, an
example where the bio-information processing apparatus
100 determines whether a user’s biological rhythms are
misaligned or disrupted by comparing a pattern of change of
an in vivo material with a biological rhythm reference
model.

[0060] FIG. 2A is an exemplary diagram explaining an
example of determining whether biological rhythms are
misaligned or disrupted, by comparing a pattern of change
of an in vivo material with a biological rhythm reference
model.

[0061] Referring to FIG. 2A, reference numeral 21a
denotes a graph showing a change over time in blood
triglyceride measured after food intake while biological
rhythms are misaligned or disrupted; and reference numeral
215 denotes a graph showing a change over time in blood
triglyceride of the biological rhythm reference model.
[0062] In the graph 21a showing a change over time in
blood triglyceride measured after food intake while biologi-
cal rhythms are misaligned or disrupted, a blood triglyceride
concentration after food intake reaches a maximum value at
time =4, 700> a0d immediately after the food intake at
=0, and when the blood triglyceride reaches the maximum
value at time t=1,,,,_,7,¢.,..» a0 amount of change ATG of the
blood triglyceride concentration is represented as
ATG,, s aigned

[0063] Further, in the graph 214 showing a change over
time in blood triglyceride of the biological rhythm reference
model, a blood triglyceride concentration after food intake
reaches a maximum value at time t=t,,.,,..;; and during food
intake at t=0, and when blood triglyceride reaches the
maximum value at time t=t,;,,.,» an amount of change ATG
of the blood triglyceride concentration is represented as
ATG ,0eq Here, the biological rhythm reference model
may be a reference model selected by the processor 120
based on the user feature information and/or the user context
information.

[0064] Referring to FIG. 2A, by comparing the amount of
change over time ATG,,, ... in blood triglyceride mea-
sured after food intake while biological rhythms are mis-
aligned or disrupted with the amount of change ATG,,,,,..,
of the blood triglyceride concentration of the biological
rhythm reference model, it can be seen that the amount of
change is relatively small. In this manner, when biological
rhythms are misaligned or disrupted, an in vivo metabolism
pattern is changed, causing a pattern of change of the in vivo
material to be changed; and based on such pattern of change
of the in vivo material and/or the in vivo material change by
a metabolism pattern change, the processor 120 may deter-
mine whether biological rhythms are misaligned or dis-
rupted.

[0065] In the exemplary embodiment, based on a differ-
ence between an amount of change over time
ATG=ATGy,,,, in blood triglyceride measured for a subject
and an amount of change ATG,;_,.., of the blood triglycer-
ide concentration of the biological rhythm reference model,
the processor 120 may determine whether biological
rhythms are misaligned or disrupted.

[0066] For example, the processor 120 monitors the
change in the blood triglyceride concentration measured for
a subject; calculates an amount of change ATG,,,. ., of the
blood triglyceride concentration during food intake at t=0
and when blood triglyceride reaches the maximum value at

time t=t,;,,,... compares the calculated amount of change
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ATG,, ., Of the blood triglyceride concentration of the
subject with the amount of change ATG ., of the blood
triglyceride concentration of the biological rhythm reference
model; and in response to the calculated amount of change
ATG,, .., of the blood triglyceride concentration of the
subject is smaller than the amount of change ATG .., 0f
the blood triglyceride concentration of the biological rhythm
reference model, the processor 120 may determine whether
biological rhythms of the subject are misaligned or dis-
rupted.

[0067] In another example, the processor 120 compares
the calculated amount of change ATG,,,,., of the blood
triglyceride concentration of the subject with the amount of
change ATG .., of the blood triglyceride concentration of
the biological rhythm reference model; and if a difference
therebetween is at a level greater than or equal to a prede-
termined reference concentration (e.g.: 50 mg/dl), the pro-
cessor 120 may determine that biological rhythms of the
subject are misaligned or disrupted.

[0068] In yet another example, by comparing a time t,,,,.
of reaching a maximum value of blood triglyceride mea-
sured for a subject with a time of reaching a maximum value
of blood triglyceride of the biological rhythm reference
model, the processor 120 may determine whether biological
rhythms of a user are misaligned or disrupted.

[0069] Referring to FIG. 2A, in the graph 21a showing a
change over time in blood triglyceride measured after food
intake while biological rhythms are misaligned or disrupted,
the blood ftriglyceride concentration after food intake
reaches a maximum value at time ;... and in the
graph 215 showing a change over time in blood triglyceride
in the biological rhythm reference model, the blood triglyc-
eride concentration after food intake reaches a maximum
value at time t=t,,,., In this manner, when biological
rhythms are misaligned or disrupted, an in vivo metabolism
pattern is changed, causing the pattern of change of the in
vivo material to be changed; and based on such pattern of
change of the in vivo material and/or the in vivo material
change by a metabolism pattern change, the processor 120
may determine whether biological rhythms are misaligned
or disrupted.

[0070] For example, the processor 120 monitors a change
in the blood triglyceride concentration measured for a sub-
ject; determines or calculates a time t=t,, .., of reaching a
maximum value of blood triglyceride after food intake; and
in response to the time of reaching the maximum value
thereof being ahead of the time of reaching the maximum
value of the blood triglyceride concentration of the biologi-
cal rhythm reference model, the processor 120 may deter-
mine that biological rhythms of the subject are misaligned or
disrupted.

[0071] In another example, the processor 120 compares
the calculated time t=t ., of reaching a maximum value of
blood triglyceride of the subject with the time of reaching a
maximum value of blood triglyceride in the biological
thythm reference model; and in response to a difference
therebetween being a predetermined reference time (e.g.: 60
minutes) or more, the processor 120 may determine that
biological rhythm of the subject are misaligned or disrupted.
[0072] However, the processor 120 is not limited thereto,
and may determine whether biological rhythms of the sub-
ject are misaligned or disrupted by extracting, as a pattern of
change of the blood triglyceride concentration measured for
the subject, a maximum value, a minimum value, an average
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value of blood triglyceride, a slope of the graph of the blood
triglyceride concentration change, and a shape of the graph
of the blood triglyceride concentration change, and by
comparing the pattern of change of the blood triglyceride
concentration with the pattern of change of the blood
triglyceride concentration in the biological thythm reference
model.

[0073] FIG. 2B is an exemplary diagram explaining
another example of determining whether biological rhythms
are misaligned or disrupted, by comparing a pattern of
change of an in vivo material with a biological rhythm
reference model.

[0074] In the embodiment, the processor 120 may deter-
mine whether biological rhythms of a user are misaligned or
disrupted based on the area under curve (AUC) of the graph
of the time-in vivo material concentration and the AUC of
the biological rhythm reference model.

[0075] Referring to FIGS. 1, 2A, and 2B, the processor
120 may calculate the AUCs 22a and 225 on the graph 21a
showing a change over time in blood triglyceride measured
after food intake while biological rhythms are misaligned or
disrupted, and on the graph 215 showing a change over time
in blood triglyceride of the biological rhythm reference
model.

[0076] For example, the processor 120 monitors the
change of the blood triglyceride concentration measured for
the subject, and calculates the AUC on the graph showing
the change over time in blood triglyceride measured after
food intake. In response to the calculated AUC being smaller
than the AUC calculated from the graph 22a showing the
change over time in blood triglyceride of the biological
rhythm reference model, the processor 120 may determine
that biological rhythms of the subject are misaligned or
disrupted.

[0077] In another example, the processor 120 compares
the AUC calculated from the graph showing the change in
the blood triglyceride of the subject with the AUC calculated
from the graph 22a showing the change over time in blood
triglyceride of the biological rhythm reference model; and in
response to a difference between the AUCs being greater
than or equal to a predetermined reference value (e.g.;
difference greater than or equal to 15%), the processor 120
may determine that biological rhythms of the subject are
misaligned or disrupted.

[0078] Upon determining that biological rhythms of a user
are misaligned or disrupted, the processor 120 may generate
warning information based on the determination. In the
exemplary embodiment, once the processor 120 determines
that the user’s biological rhythms are misaligned or dis-
rupted in response to a request for determination whether the
user’s biological rhythms are aligned or misaligned, or
based on a monitoring result of the pattern of change of the
in vivo material, the processor 120 may generate warning
information to inform the user of the determination. Here,
warning information may include information on whether
biological rhythms are misaligned or disrupted, multiple-
stage alarm according to a degree of misalignment, or
information on measures in response to determination of
misalignment of biological rhythms.

[0079] FIG. 3 is a block diagram illustrating another
example of a bio-information processing apparatus.

[0080] Referring to FIG. 3, a bio-information processing
apparatus 300 includes an in vivo material measurer 310 and
a processor 320. Here, the processor 320 may perform
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substantially the same function as the processor 120 illus-
trated in FIG. 1, such that description below will be made
based on details that do not overlap.

[0081] The in vivo material measurer 310 may include one
or more light sources 311 and a detector 312. The in vivo
material measurer 310 may measure the in vivo material
successively or at predetermined time intervals by using a
noninvasive method, and may obtain successive data to
determine whether a user’s biological rhythms are mis-
aligned or disrupted.

[0082] Inthe exemplary embodiment, the light source 311
may emit light on a subject. For example, the light source
311 may emit light of a specific wavelength, e.g., near
infrared (NIR), on the subject. However, the wavelength of
light emitted by the light source 311 may vary depending on
the purpose of measurement or types of components to be
measured. Further, the light source 311 is not necessarily
required to be configured as a single light emitting body, but
may be configured as a group of a plurality of light emitting
bodies. In the case where the light source 311 is configured
as a group of a plurality of light emitting bodies, the light
emitting bodies may emit light of different wavelengths to
serve the purpose of measurement, or may emit light of the
same wavelength. In the exemplary embodiment, the light
source 311 may include a light emitting diode (LED), a laser
diode, or the like, but this is only exemplary, and the light
source 311 is not limited thereto.

[0083] The detector 312 may include a plurality of light
detectors. Each light detector 312 may detect light reflected
or scattered from an object to be inspected (e.g., skin, etc.),
and may measure the intensity of the detected light. In the
exemplary embodiment, the detector 312 may include a
photo diode, a photo transistor (PTr), a charge-coupled
device (CCD), or the like.

[0084] The processor 320 may control the optical wave-
length and intensity of the light source 311 according to the
purpose of measurement or types of components to be
measured. In the case where the light sources are configured
as a group of a plurality of light emitting bodies, the
processor 320 may select one or more light sources or may
control light emission to serve the purpose of measurement.

[0085] The processor 320 monitors an in vivo material
change by analyzing the intensity of light detected by the
detector 312 for each wavelength region range, thereby
successively monitoring the in vivo material change by
using a noninvasive method.

[0086] FIG. 4 is a block diagram illustrating yet another
example of a bio-information processing apparatus.

[0087] Referring to FIG. 4, the bio-information processing
apparatus 400 includes an in vivo material measurer 410, a
processor 420, an input part (e.g., an input interface) 430, a
storage part 440, a communicator 450, and an output part
(e.g., an output interface) 460. Here, the in vivo material
measurer 410 and the processor 420 perform the same
functions as the in vivo material measurers 110 and 310 and
the processors 120 and 320 which are described above with
reference to FIGS. 1 and 3, such that description below will
be made based on details that do not overlap.

[0088] The input part 430 may receive various operation
signals and data required for processing bio-information
from a user. In the embodiment, the input unit 430 may
include a keypad, a dome switch, a touch pad (static pres-
sure/static electricity), a jog wheel, a jog switch, a hardware
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(H/W) button, and the like. Particularly, the touch pad,
which forms a layer structure with a display, may be called
a touch screen.

[0089] For example, the input part 430 may receive user
feature information which includes one or more of age,
gender, stature, weight, and health information; and user
context information which includes sleep, meal, exercise,
heart rate, blood pressure, body temperature, a measurement
time and a measurement place.

[0090] For example, a user may input information on
ingested food and current activities through the input part
430. The processor 420 may select a biological rhythm
reference model based on the input information, thereby
determining misalignment of biological rhythms more accu-
rately.

[0091] The storage part 440 may store programs or com-
mands for operation of the bio-information processing appa-
ratus 400, and may store data input to and output from the
bio-information processing apparatus 400. For example, the
storage part 440 may store the user feature information and
user context information which are input through the input
part 430, the in vivo material information which is measured
by the in vivo material measurer 410, the biological rhythm
reference model and one or more groups thereof, the pattern
of change of the in vivo material which is calculated by the
processor 420, and the like.

[0092] The storage part 440 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. Further, the bio-information processing apparatus
400 may operate an external storage medium, such as web
storage and the like, which performs a storage function of
the storage part 440 on the Internet.

[0093] The communicator 450 may perform communica-
tion with an external device. For example, the communicator
450 may transmit, to the external device, the user feature
information and user context information which are input by
a user through the input part 430, the in vivo material
information which is measured by the in vivo material
measurer 410, a result of determination on misalignment of
biological rhythms by the processor 530, and the like, or
may receive various data, from the external device, the
measured in vivo material information of a user, the bio-
logical thythm reference model, and the like, which may be
useful to determine whether biological rhythms are mis-
aligned or disrupted.

[0094] In this case, the external device may be a database
(DB) which stores the biological rhythm reference model,
and/or a medical device which uses a determination result of
misalignment of biological rhythms, a printer to output
results, or a display device which displays a determination
result of misalignment of biological thythms. In addition to
these devices, examples of the external device may include
a digital TV, a desktop computer, a cellular phone, a smart-
phone, a tablet PC, a laptop computer, a personal digital
assistant (PDA), a portable multimedia player (PMP), a
navigation, an MP3 player, a digital camera, a wearable
device, and the like, but is not limited thereto.
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[0095] The communicator 450 may communicate with an
external device by using Bluetooth communication, Blu-
etooth Low Energy (BLE) communication, Near Field Com-
munication (NFC), WLAN communication, Zighee commu-
nication, Infrared Data Association (IrDA) communication,
Wi-Fi Direct (WFD) communication, ultra-wideband
(UWB) communication, Ant+ communication, WIFI com-
munication, Radio Frequency Identification (RFID) commu-
nication, 3G communication, 4G communication, 5G com-
munication, and the like. However, this is merely exemplary
and the communicator is not limited thereto.

[0096] The output part 460 may output, by the control of
the processor 420, one or more of the measured in vivo
material information, the extracted pattern of change of the
in vivo material, a result of determination on whether
biological rhythms are misaligned or disrupted, and warning
information. In the embodiment, the output part 460 may
output one or more of the measured in vivo material infor-
mation, the extracted pattern of change of the in vivo
material, a result of determination on whether biological
rhythms are misaligned or disrupted, and warning informa-
tion, by using at least one of an acoustic method, a visual
method, and a tactile method. To this end, the output part
460 may include a display, a speaker, a vibrator, and the like.
[0097] FIG. 5 is a flowchart illustrating an example of a
bio-information processing method. The bio-information
processing method illustrated in FIG. 5 may be performed
by the bio-information processing apparatus 100 illustrated
in FIG. 1.

[0098] The bio-information processing apparatus 100 may
measure a user’s in vivo material in operation 510.

[0099] In the exemplary embodiment, the bio-information
processing apparatus 100 may measure the in vivo material
by using a noninvasive method. For example, the bio-
information processing apparatus 100 may measure the in
vivo material change at regular time intervals or succes-
sively by emitting Near Infrared (NIR) light on a subject by
using an optical method, and by detecting light returning
therefrom. Based on the measurement, the bio-information
processing apparatus 100 may obtain successive data to
determine whether biological rhythms are misaligned or
disrupted.

[0100] Upon measuring the in vivo material, the bio-
information processing apparatus 100 may extract a pattern
of change of the user’s in vivo material based on a mea-
surement result of the in vivo material in operation 520.
[0101] In the exemplary embodiment, based on the in vivo
material change information measured at regular time inter-
vals or successively, the bio-information processing appa-
ratus 100 may monitor the in vivo material change over
time, and may extract the pattern of change of the in vivo
material.

[0102] For example, based on the in vivo material change
information measured at regular time intervals or succes-
sively, the bio-information processing apparatus 100 may
produce a graph (graph of time-in vivo material concentra-
tion) of the in vivo material change over time, and may
extract the pattern of the in vivo material change from the
graph of the time-in vivo material concentration. Here, the
pattern of the in vivo material change may include at least
one of the following: the in vivo material change over time,
a time of reaching a maximum value of the in vivo material,
and an area under curve (AUC) of the graph of the time-in
vivo material concentration. However, the pattern of the in
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vivo material change is not limited thereto, and the bio-
information processing apparatus 100 may extract, as the
pattern of the in vivo material change, a maximum value, a
minimum value, an average value in the graph of the time-in
vivo material concentration, an slope of a predetermined
portion of the graph of the time-in vivo material concentra-
tion, and a shape of the graph of the time-in vivo material
concentration.

[0103] Upon extracting the pattern of the in vivo material
change, the bio-information processing apparatus 100 com-
pares the extracted pattern of change of the in vivo material
with the biological rhythm reference model, to determine
whether biological rhythms of the user are misaligned or
disrupted in operation 530.

[0104] For example, among differences, including a dif-
ference between an amount of change over time in the in
vivo material and an amount of change in the biological
rhythm reference model, a difference between a time of
reaching a maximum value of the in vivo material and a time
of reaching a maximum value in the biological rhythm
reference model, and a difference between the area under
curve (AUC) in the graph of the time-in vivo material
concentration and the AUC in the biological rhythm refer-
ence model, in the case where at least one of the differences
falls outside of a predetermined reference range, the bio-
information processing apparatus 100 may determine that
the biological rhythms of the user are misaligned or dis-
rupted.

[0105] In the exemplary embodiment, when biological
rhythms are misaligned or disrupted, an in vivo metabolism
pattern is changed, causing a pattern of change of the in vivo
material to be changed; and based on such pattern of change
of the in vivo material and/or the in vivo material change by
ametabolism pattern change, the bio-information processing
apparatus 100 may determine whether biological rhythms
are misaligned or disrupted.

[0106] For example, the bio-information processing appa-
ratus 100 monitors a change in the blood triglyceride con-
centration measured for a subject; calculates an amount of
change of the blood triglyceride concentration immediately
after food intake and when blood triglyceride reaches the
maximum value; compares the calculated amount of change
of the blood triglyceride concentration of the subject with
the amount of change of the blood triglyceride concentration
of the biological rhythm reference model; and in response to
the calculated amount of change of the blood triglyceride
concentration of the subject being smaller than the amount
of change of the blood triglyceride concentration of the
biological rhythm reference model, the bio-information pro-
cessing apparatus 100 may determine that biological
rhythms of the subject are misaligned or disrupted.

[0107] Inanother example, the bio-information processing
apparatus 100 compares the calculated amount of change of
the blood triglyceride concentration of the subject with the
amount of change of the blood triglyceride concentration of
the biological rhythm reference model; and in response to a
difference therebetween being greater than or equal to a
predetermined reference concentration (e.g.: 50 mg/dl), the
bio-information processing apparatus 100 may determine
that biological rhythms of the subject are misaligned or
disrupted.

[0108] In yet another example, by comparing a time of
reaching a maximum value of the blood triglyceride mea-
sured for a subject with a time of reaching a maximum value
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of the blood triglyceride of the biological rhythm reference
model, the bio-information processing apparatus 100 may
determine whether a user’s biological rhythms are mis-
aligned or disrupted.

[0109] For example, the bio-information processing appa-
ratus 100 monitors the change in the blood triglyceride
concentration measured for a subject; calculates a time of
reaching a maximum value of the blood triglyceride after
food intake; and in response to the calculated time of
reaching the maximum value thereof being ahead of the time
of reaching the maximum value of the blood triglyceride
concentration of the biological rhythm reference model, the
bio-information processing apparatus 100 may determine
that biological rhythms of the subject are misaligned or
disrupted.

[0110] In another example, the bio-information processing
apparatus 100 compares the calculated time of reaching the
maximum value of the blood triglyceride of the subject with
the time of reaching the maximum value of the blood
triglyceride of the biological rhythm reference model; and in
response to a difference therebetween being a predetermined
reference time (e.g.: 60 minutes) or more, the bio-informa-
tion processing apparatus 100 may determine that biological
rhythms are misaligned or disrupted.

[0111] In yet another example, based on a difference
between the area under curve (AUC) of the graph of the
time-in vivo material concentration and the AUC of the
biological rhythm reference model, the bio-information pro-
cessing apparatus 100 may determine whether biological
rhythms of a user are misaligned or disrupted.

[0112] The bio-information processing apparatus 100 may
calculate AUCs 215 and 2256 on the graph 21a showing a
change over time in blood triglyceride measured after food
intake while biological rhythms are misaligned or disrupted,
and on the graph 22a showing a change over time in blood
triglyceride of the biological rhythm reference model.
[0113] For example, the bio-information processing appa-
ratus 100 monitors the change of the blood triglyceride
concentration measured for the subject; calculates the AUC
from the graph showing the change over time in blood
triglyceride measured after food intake; and in response to
the calculated AUC being smaller than the AUC calculated
from the graph showing the change over time in blood
triglyceride of the biological rhythm reference model, the
bio-information processing apparatus 100 may determine
that biological rhythms of the subject are misaligned or
disrupted.

[0114] Inanother example, the bio-information processing
apparatus 100 compares the AUC calculated from the graph
showing the change in the blood triglyceride of the subject
with the AUC calculated from the graph 22a showing the
change over time in blood triglyceride of the biological
rhythm reference model; and in response to a difference
between the AUCs being greater than or equal to a prede-
termined reference value (e.g.; difference greater than or
equal to 15%), the bio-information processing apparatus 100
may determine that biological rhythms of the subject are
misaligned or disrupted.

[0115] However, the bio-information processing apparatus
100 is not limited thereto, and may determine whether
biological rhythms of the subject are misaligned or disrupted
by extracting, as a pattern of change of the blood triglyceride
concentration measured for the subject, a maximum value, a
minimum value, an average value of blood triglyceride, a



US 2019/0038218 Al

slope of the graph of the blood triglyceride concentration
change, and a shape of the graph of the blood triglyceride
concentration change, and by comparing the pattern of
change of the blood triglyceride concentration with the
pattern of change of the blood triglyceride concentration in
the biological rhythm reference model.

[0116] FIG. 6 is a flowchart illustrating an example of a
bio-information processing method. The bio-information
processing method of FIG. 6 may be performed by the
bio-information processing apparatuses 100, 300, and 400 of
FIG. 1, 3, or 4.

[0117] The bio-information processing apparatus 400 may
measure a user’s in vivo material in operation 610. For
example, the bio-information processing apparatus 400 may
measure the in vivo material by emitting Near Infrared
(NIR) light on the skin, and by detecting light returning by
being scattered from the skin.

[0118] Upon measuring the in vivo material, the bio-
information processing apparatus 400 may extract a pattern
of a user’s in vivo material change based on a measurement
result of the in vivo material in operation 620.

[0119] Upon receiving a bio-information processing
request from a user, the bio-information processing appara-
tus 400 may select at least one biological rhythm reference
model from among one or more groups based on the user
feature information and the user context information in
operation 630.

[0120] Here, the biological rhythm reference model may
be generated into one or more groups based on user feature
information which includes one or more of age, gender,
stature, weight, and health information; and based on user
context information which includes sleep, meal, exercise,
heart rate, blood pressure, body temperature, a measurement
time, and a measurement place.

[0121] For example, based on user feature information
indicative of ‘a man in his thirties with a history of diabetes,’
and user context information indicative of ‘in sleep,” the
biological rhythm reference model may be a biological
rhythm reference model corresponding to ‘thirties,” ‘man,’
‘history of diabetes,” and ‘in sleep’. In this manner, the
biological rhythm reference model may be generated into
groups based on at least one of the user feature information
and/or user context information.

[0122] In the embodiment, upon receiving a bio-informa-
tion processing request from a user, the bio-information
processing apparatus 400 may select at least one biological
rhythm reference model from among one or more groups
based on the user feature information and the user context
information

[0123] For example, upon receiving a bio-information
processing request based on the measured in vivo material
information, the bio-information processing apparatus 400
may compare the bio-information with the measured in vivo
material information based on the user feature information
and the user context information, and may select an optimal
biological rhythm reference model to determine whether
biological rhythms are misaligned or disrupted. For
example, in the case where the user feature information
indicates a man in his thirties with a history of diabetes, the
bio-information processing apparatus 400 selects a biologi-
cal rhythm reference model, corresponding to ‘thirties,’
‘man,” and ‘history of diabetes,” from the one or more
biological rhythm reference model groups.
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[0124] Upon extracting the pattern of the in vivo material
change, the bio-information processing apparatus 400 may
compare the extracted pattern of change of the in vivo
material with the biological rhythm reference model, may
determine whether biological rhythms are misaligned or
disrupted in operation 640.

[0125] For example, upon extracting the pattern of the in
vivo material change, the bio-information processing appa-
ratus 400 may compare the extracted pattern of the in vivo
material change with the biological rhythm reference model
selected based on at least one of the user feature information
and/or the user context information, and may determine
whether biological rhythms are misaligned or disrupted.
[0126] For example, among differences, including a dif-
ference between an amount of change over time in the in
vivo material and an amount of change in the biological
rhythm reference model, a difference between a time of
reaching a maximum value of the in vivo material and a time
of reaching a maximum value in the biological rhythm
reference model, and a difference between the area under
curve (AUC) in the graph of the time-in vivo material
concentration and the AUC in the biological rhythm refer-
ence model, in the case where at least one of the differences
falls outside of a predetermined reference range, the bio-
information processing apparatus 400 may determine that
the biological rhythms of the user are misaligned or dis-
rupted.

[0127] Upon determining that the biological rhythms of
the user are misaligned or disrupted, the bio-information
processing apparatus 400 may generate warning information
based on the determination in operation 650.

[0128] In the embodiment, once the bio-information pro-
cessing apparatus 400 determines that the user’s biological
rhythms are misaligned or disrupted in response to a request
for determination whether the user’s biological rhythms are
aligned or misaligned, or based on a monitoring result of the
pattern of change of the in vivo material, the bio-information
processing apparatus 400 may generate warning information
to inform the user of the determination. Here, warning
information may include information on whether biological
rhythms are misaligned or disrupted, multiple-stage alarm
according to a degree of misalignment, or information on
measures in response to determination of misalignment of
biological rhythms.

[0129] The bio-information processing apparatus 400 may
output one or more of the measured in vivo material infor-
mation, the extracted pattern of the in vivo material change,
a result of determination on whether biological rhythms are
misaligned or disrupted, and warning information in opera-
tion 660. For example, the bio-information processing appa-
ratus 400 may output one or more of the measured in vivo
material information, the extracted pattern of the in vivo
material change, a result of determination on whether the
biological rhythms are misaligned or disrupted, and warning
information.

[0130] In the exemplary embodiment, the bio-information
processing apparatus 400 may output one or more of the
measured in vivo material information, the extracted pattern
of the in vivo material change, a result of determination on
whether biological rhythms are misaligned or disrupted, and
warning information, by using at least one of an acoustic
method, a visual method, and a tactile method.

[0131] While not restricted thereto, an exemplary embodi-
ment can be embodied as computer-readable code on a
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computer-readable recording medium. The computer-read-
able recording medium is any data storage device that can
store data that can be thereafter read by a computer system.
Examples of the computer-readable recording medium
include read-only memory (ROM), random-access memory
(RAM), CD-ROMs, magnetic tapes, floppy disks, and opti-
cal data storage devices. The computer-readable recording
medium can also be distributed over network-coupled com-
puter systems so that the computer-readable code is stored
and executed in a distributed fashion. Also, an exemplary
embodiment may be written as a computer program trans-
mitted over a computer-readable transmission medium, such
as a carrier wave, and received and implemented in general-
use or special-purpose digital computers that execute the
programs. Moreover, it is understood that in exemplary
embodiments, one or more units of the above-described
apparatuses and devices can include circuitry, a processor, a
microprocessot, etc., and may execute a computer program
stored in a computer-readable medium.

[0132] The foregoing exemplary embodiments are merely
exemplary and are not to be construed as limiting. The
present teaching can be readily applied to other types of
apparatuses. Also, the description of the exemplary embodi-
ments is intended to be illustrative, and not to limit the scope
of the claims, and many alternatives, modifications, and
variations will be apparent to those skilled in the art.

What is claimed is:

1. A bio-information processing apparatus, comprising:

an in vivo material measurer configured to measure an in

vivo material of a user; and

a processor configured to extract a pattern of change of the

in vivo material of the user based on a measurement
result of the in vivo material, and compare the extracted
pattern of change of the in vivo material with a bio-
logical rhythm reference model, and determine whether
biological rhythms of the user are disrupted based on a
result of the comparison.

2. The apparatus of claim 1, wherein the in vivo material
comprises at least one of triglyceride, free fatty acid, blood
glucose, amino acid, and various hormone concentrations.

3. The apparatus of claim 1, wherein the biological
rhythms are circadian rhythms.

4. The apparatus of claim 1, wherein the biological
rhythm reference model is classified into one or more groups
based on user feature information that comprises at least one
of age, gender, stature, weight, and health information of a
plurality of users, and based on user context information that
comprises at least one of sleep, meal, exercise, heart rate,
blood pressure, body temperature, a measurement time, and
a measurement place.

5. The apparatus of claim 4, wherein upon receiving a
bio-information processing request from the user, the pro-
cessor selects the biological thythm reference model from
among the one or more groups based on the user feature
information and the user context information.

6. The apparatus of claim 1, wherein the pattern of change
of the in vivo material comprises at least one of an amount
of change over time in the in vivo material, a time of
reaching a maximum value of the in vivo material, and an
area under curve (AUC) of a graph of a time-in vivo material
concentration.

7. The apparatus of claim 6, wherein in response to at least
one of a difference between the amount of change over time
in the in vivo material and an amount of change in the
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biological rhythm reference model, a difference between the
time of reaching the maximum value of the in vivo material
and a time of reaching a maximum value in the biological
rhythm reference model, and a difference between the area
under curve (AUC) in the graph of the time-in vivo material
concentration and an AUC in the biological rhythm refer-
ence model being outside a predetermined reference range,
the processor determines that the biological rhythms of the
user are disrupted.

8. The apparatus of claim 1, wherein the in vivo material
measurer comprises:

a light source configured to emit a light onto the user; and

a detector configured to detect the light returning from the

user.

9. The apparatus of claim 1, wherein upon determining
that the biological rhythms of the user are disrupted, the
processor generates warning information based on the deter-
mination.

10. The apparatus of claim 9, further comprising an output
interface configured to output at least one of the measured in
vivo material information, the extracted pattern of change of
the in vivo material, the determination on whether the
biological rhythms are disrupted, and the warning informa-
tion.

11. A bio-information processing method, comprising:

measuring an in vivo material of a user;

extracting a pattern of change of the in vivo material of

the user based on a measurement result of the in vivo
material;

comparing the extracted pattern of change of the in vivo

material with a biological rhythm reference model; and
determining whether biological rhythms of the user are
disrupted based on a result of the comparison.

12. The method of claim 11, wherein the in vivo material
comprises at least one of triglyceride, free fatty acid, blood
glucose, amino acid, and various hormone concentrations.

13. The method of claim 11, wherein the biological
rhythms are circadian rhythms.

14. The method of claim 11, wherein the biological
rhythm reference model is classified into one or more groups
based on user feature information that comprises at least one
of age, gender, stature, weight, and health information of a
plurality of users, and based on user context information that
comprises sleep, meal, exercise, heart rate, blood pressure,
body temperature, a measurement time, and a measurement
place.

15. The method of claim 14, further comprising selecting
the biological rhythm reference model from among the one
or more groups based on the user feature information and the
user context information in response to receiving a bio-
information processing request.

16. The method of claim 11, wherein the pattern of change
of the in vivo material comprises at least one of an amount
of change over time in the in vivo material, a time of
reaching a maximum value of the in vivo material, and an
area under curve (AUC) of a graph of a time-in vivo material
concentration.

17. The method of claim 16, wherein the determining
whether the biological rhythms are disrupted comprises
determining that the biological rhythms of the user are
disrupted in response to at least one of a difference between
the amount of change over time in the in vivo material and
an amount of change in the biological rhythm reference
model, a difference between the time of reaching a maxi-
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mum value of the in vivo material and a time of reaching a
maximum value in the biological rhythm reference model,
and a difference between the area under curve (AUC) in the
graph of the time-in vivo material concentration and an AUC
in the biological rhythm reference model being outside a
predetermined reference range.

18. The method of claim 11, wherein the measuring of the
in vivo material of the user comprises:

emitting a light onto the user; and

detecting the light returning from the user.

19. The method of claim 11, comprising, upon determin-
ing that the biological rhythms of the user are disrupted,
generating warning information based on the determination.

20. The method of claim 19, further comprising output-
ting at least one of the measured in vivo material informa-
tion, the extracted pattern of change of the in vivo material,
the determination on whether the biological rhythms are
disrupted, and the warning information.
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