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(7) ABSTRACT

An apparatus and method for determining bio-information
of a target using an impulse radar are provided. The method
may include generating a frame set by accumulating frames
received at preset time intervals, determining a first magni-
tude spectrum of the frame set corresponding to a first
frequency axis by performing a frequency conversion of
frames included in the frame set in a sampler index axis
direction, determining a second magnitude spectrum of the
frame set corresponding to the first frequency axis and a
second frequency axis by performing a frequency conver-
sion of the first magnitude spectrum in a time axis direction,
determining a third magnitude spectrum of the frame set by
adding up to values of the second magnitude spectrum for
each second frequency, and determining a frequency indi-
cating a peak in the third magnitude spectrum as a heartbeat
frequency of the target.
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APPARATUS AND METHOD FOR
DETERMINING BIO-INFORMATION OF
TARGET USING IMPULSE RADAR

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is a continuation of U.S. patent
application Ser. No. 15/362,873, filed Nov. 29, 2016, which
claims priority to Korean Patent Application No. 10-2016-
0125691, filed on Sep. 29, 2016, Korean Patent Application
No. 10-2016-0127798, filed on Oct. 4, 2016, and Korean
Patent Application No. 10-2016-0127819, filed on Oct. 4,
2016. The entire disclosures of the aforementioned applica-
tions are incorporated herein by reference.

BACKGROUND

1. Field of the Invention

[0002] One or more example embodiments relate to an
apparatus and method for determining bio-information of a
target using an impulse radar, and more particularly, relate to
an apparatus and method for determining bio-information of
a target by performing a is frequency conversion of a single
frame derived by radar pulses reflected from the target, by
converting data to frequency domain data and by applying
an additional process.

2. Description of the Related Art

[0003] Radar technologies have been used to detect a
target at a long distance or to measure a distance to a target
in an aviation field and a military field. Recently, an attempt
has been made to acquire bio-information, for example, a
pulse, a heartbeat or a respiration from a person located at
a close distance using radar technologies.

[0004] For example, an impulse radar technology and a
continuous wave (CW) Doppler radar technology may be
used as a radar technology for acquiring bio-information of
humans. The above two radar technologies are different
from each other in a power consumption, a target detection
distance and a spatial resolution, and accordingly may be
applied to different application fields.

[0005] Among the above radar technologies, an ultra
wideband (UWB) impulse radar technology has an advan-
tage of a low power consumption and low risk of overex-
posure to electromagnetic waves when the UWB impulse
radar is used for humans. Also, the UWB impulse radar
technology has an excellent characteristic of coexistence
with neighboring devices, and is regarded as an appropriate
scheme to acquire bio-information of a person due to a
relatively high spatial resolution in comparison to other
schemes.

[0006] However, when a UWB impulse radar is used to
acquire bio-information of a persorn, the UWB impulse radar
is vulnerable to a sudden and unintended movement of a
target. Due to a motion artifact caused by the sudden and
unintended movement, information about a heartbeat and a
respiration may be distorted or lost. Accordingly, there is a
desire to solve the above issue.

SUMMARY

[0007] Example embodiments may provide an apparatus
and method for determining bio-information of a target by
performing a frequency conversion of a single frame derived
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by radar pulses reflected from the target, by converting data
to frequency domain data and by applying an additional
process.

[0008] Example embodiments may also provide an appa-
ratus and method for robustly extracting bio-information of
a target by removing a frame with a transition portion in
which a transition occurs due to a movement of the target
among a plurality of frames derived by radar pulses reflected
from the target and by minimizing an influence of an
unintended movement of the target.

[0009] According to an aspect, there is provided a method
of determining bio-information of a target, the method
including generating a frame set by accumulating frames
received at preset time intervals, the frames being generated
by overlapping of radar pulses reflected from a target of
which a heart rate is to be measured, determining a first
magnitude spectrum of the frame set corresponding to a first
frequency axis by performing a frequency conversion of
frames included in the frame set in a sampler index axis
direction, determining a second magnitude spectrum of the
frame set corresponding to the first frequency axis and a
second frequency axis by performing a frequency conver-
sion of the first magnitude spectrum in a time axis direction,
determining a third magnitude spectrum of the frame set by
adding up values of the second magnitude spectrum for each
second frequency, and determining a frequency indicating a
peak in the third magnitude spectrum as a heartbeat fre-
quency of the target.

[0010] The method may further include filtering the first
magnitude spectrum in the time axis direction using a
band-pass filter (BPF) with a frequency band corresponding
to the heartbeat frequency, and applying a window function
corresponding to a data length in the time axis direction to
the filtered first magnitude spectrum. The determining of the
second magnitude spectrum may include determining the
second magnitude spectrum by performing a frequency
conversion of the first magnitude spectrum, to which the
window function is applied, in the time axis direction.

[0011] According to another aspect, there is provided a
method of determining bio-information of a target, the
method including generating a frame set by accumulating
frames received at preset time intervals, the frames being
generated by overlapping of radar pulses reflected from a
target of which a heart rate is to be measured, removing a
transition portion in which a transition occurs due to a
movement of the target from the generated frame set, and
determining a heartbeat frequency of the target based on the
frame set from which the transition portion is removed,
wherein the radar pulses correspond to a radar signal that
reflects the movement of the target.

[0012] The removing of the transition portion may include
extracting first sampler indices, each indicating a maximum
peak of each of frames included in the frame set, determin-
ing a sampler index corresponding to a largest number of
maximum peaks among the first sampler indices as a second
sampler index used as a criterion to generate a movement
profile, generating a movement profile based on the move-
ment of the target using a difference between a first sampler
index and a second sampler index, and aligning the frames
based on the movement profile.

[0013] The aligning of the frames may include controlling
a maximum peak of each of the frames to match a maximum
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peak indicated by second sampler index based on the
movement profile, and removing a frame with the transition
portion from the frame set.

[0014] The determining of the heartbeat frequency may
include applying a Lomb-Scargle periodogram to extract a
periodic component based on the frame set from which the
transition portion is removed.

[0015] According to another aspect, there is provided a
method of determining bio-information of a target, the
method including generating a frame set by accumulating
frames received at preset time intervals, the frames being
generated by overlapping of radar pulses reflected from a
target of which a heart rate is to be measured, determining
a magnitude spectrum of the frame set corresponding to a
frequency axis by performing a frequency conversion of
frames included in the frame set in a sampler index axis
direction, removing a portion corresponding to a movement
of the target from the magnitude spectrum, and determining
a heartbeat frequency of the target based on the magnitude
spectrum from which the portion corresponding to the
movement of the target is removed, wherein the radar pulses
correspond to a radar signal that reflects the movement of the
target.

[0016] The removing of the portion corresponding to the
movement of the target may include extracting first sampler
indices, each indicating a maximum peak of each of the
frames in the frame set, determining a sampler index cor-
responding to a largest number of maximum peaks among
the first sampler indices as a second sampler index used as
a criterion to generate a movement profile, generating a
movement profile based on the movement of the target using
a difference between a first sampler index and a second
sampler index, and removing the portion corresponding to
the movement of the target based on the generated move-
ment profile.

[0017] The determining of the heartbeat frequency may
include applying a Lomb-Scargle periodogram to extract a
periodic component based on the magnitude spectrum.

[0018] According to another aspect, there is provided a
method of determining bio-information of a target, the
method including generating a frame set by accumulating
frames received at preset time intervals, the frames being
generated by overlapping of radar pulses reflected from a
target of which a respiratory rate is to be measured, deter-
mining a magnitude spectrum of the frame set corresponding
to a frequency axis by performing a frequency conversion of
frames included in the frame set in a sampler index axis
direction, and determining the respiratory rate of the target
based on the magnitude spectrum.

[0019] The method may further include filtering the mag-
nitude spectrum using a low-pass filter (LPF) to remove a
ripple component of a high frequency band corresponding to
a heartbeat frequency of the target from the magnitude
spectrum. The determining of the respiratory rate may
include determining the respiratory rate based on the filtered
magnitude spectrum.

[0020] The determining of the respiratory rate may include
calculating an average peak of the magnitude spectrum by
adding up values of the filtered magnitude spectrum for each
frequency, and determining the respiratory rate based on a
period derived by the calculated average peak and based on
a respiratory frequency of the target determined based on the
derived period.
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[0021] According to another aspect, there is provided an
apparatus for determining bio-information of a target, the
apparatus including a processor configured to perform signal
processing of frames generated by overlapping of radar
pulses reflected from a target of which a heart rate is to be
measured. The processor may be configured to generate a
frame set by accumulating frames received at preset time
intervals, to determine a first magnitude spectrum of the
frame set corresponding to a first frequency axis by per-
forming a frequency conversion of frames included in the
frame set in a sampler index axis direction, to determine a
second magnitude spectrum of the frame set corresponding
to the first frequency axis and a second frequency axis by
performing a frequency conversion of the first magnitude
spectrum in a time axis direction, to determine a third
magnitude spectrum of the frame set by adding up values of
the second magnitude spectrum for each second frequency,
and to determine a frequency indicating a peak in the third
magnitude spectrum as a heartbeat frequency of the target.
[0022] The processor may be further configured to filter
the first magnitude spectrum in the time axis direction using
a band-pass filter (BPF) with a frequency band correspond-
ing to the heartbeat frequency, and to apply a window
fanction corresponding to a data length in the time axis
direction to the filtered first magnitude spectrum. The pro-
cessor may be further configured to determine the second
magnitude spectrum by performing a frequency conversion
of the first magnitude spectrum, to which the window
function is applied, in the time axis direction.

[0023] Additional aspects of example embodiments will
be set forth in part in the description which follows and, in
part, will be apparent from the description, or may be
learned by practice of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] These and/or other aspects, features, and advan-
tages of the invention will become apparent and more
readily appreciated from the following description of
example embodiments, taken in conjunction with the
accompanying drawings of which:

[0025] FIG. 1 is a diagram illustrating a system for deter-
mining a heartbeat frequency of a target using an impulse
radar according to an example embodiment;

[0026] FIGS. 2A, 2B and 2C are diagrams illustrating a
method of generating a frame set according to an example
embodiment;

[0027] FIG. 3 is a flowchart illustrating an example of a
method of determining a heartbeat frequency of a target
using an impulse radar according to an example embodi-
ment;

[0028] FIGS. 4A and 4B are diagrams illustrating a
method of performing a frequency conversion of a frame set
in a sampler index axis direction according to an example
embodiment;

[0029] FIGS. 5A and 5B are diagrams illustrating a
method of performing, in a time axis direction, a frequency
conversion of a first magnitude spectrum determined by
performing a frequency conversion of a frame set according
to an example embodiment;

[0030] FIGS. 6A and 6B are diagrams illustrating a
method of determining a heartbeat frequency of a target
using a second magnitude spectrum determined by perform-
ing a frequency conversion of a first magnitude spectrum
according to an example embodiment;
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[0031] FIG. 7 is a flowchart illustrating another example
of a method of determining a heartbeat frequency of a target
using an impulse radar according to an example embodi-
ment;

[0032] FIGS. 8A, 8B, 8C and 8D are diagrams illustrating
a comparison between a frame set is generated when a target
moves and a frame set generated when the target does not
move according to an example embodiment;

[0033] FIGS. 9A and 9B are diagrams illustrating
examples of movement profiles according to an example
embodiment;

[0034] FIG. 10 is a diagram illustrating a result obtained
by applying a periodogram according to an example
embodiment;

[0035] FIG. 11 is a flowchart illustrating a method of
determining a respiratory rate of a target using an impulse
radar according to an example embodiment; and

[0036] FIGS. 12A, 12B, 12C, 12D, 12E and 12F are
diagrams illustrating a process of generating a frame set
according to an example embodiment.

DETAILED DESCRIPTION

[0037] Particular structural or functional descriptions of
example embodiments according to the concept of the
present disclosure disclosed in the present disclosure are
merely intended for the purpose of describing the example
embodiments and the example embodiments may be imple-
mented in various forms and should not be construed as
being limited to those described in the present disclosure.
[0038] Though example embodiments according to the
concept of the present disclosure may be variously modified
and be several example embodiments, specific example
embodiments will be shown in drawings and be explained in
detail. However, the example embodiments are not meant to
be limited, but it is intended that various modifications,
equivalents, and alternatives are also covered within the
scope of the claims.

[0039] Although terms of “first,” “second,” etc. are used to
explain various components, the components are not limited
to such terms. These terms are used only to distinguish one
component from another component. For example, a first
component may be referred to as a second component, or
similarly, the second component may be referred to as the
first component within the scope of the right according to the
concept of the present disclosure.

[0040] When it is mentioned that one component is “con-
nected” or “coupled” to another component, it may be
understood that the one component is directly connected or
coupled to another component or that still other component
is interposed between the two components. Also, when it is
mentioned that one component is “directly connected” or
“directly coupled” to another component, it may be under-
stood that no component is interposed therebetween.
Expressions used to describe the relationship between com-
ponents should be interpreted in a like fashion, for example,
“between” versus “directly between,” or “adjacent to” ver-
sus “directly adjacent to.”

[0041] The terminology used herein is for the purpose of
describing particular example embodiments only and is not
intended to be limiting of example embodiments. As used
herein, the singular forms are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises”
and/or “comprising,” when used in this specification, specify
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the presence of stated features, integers, steps, operations,
elements, components or a combination thereof, but do not
preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof.

[0042] Unless otherwise defined, all terms including tech-
nical and scientific terms used herein have the same mearning
as commonly understood by one of ordinary skill in the art
to which example embodiments belong. It will be further
understood that terms, such as those defined in commonly-
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.
[0043] Hereinafter, example embodiments will be
described in detail with reference to the accompanying
drawings. The scope of the right, however, should not be
construed as limited to the example embodiments set forth
herein. Regarding the reference numerals assigned to the
elements in the drawings, it should be noted that the same
elements will be is designated by the same reference numer-
als.

[0044] FIG. 1 is a diagram illustrating a system for deter-
mining a heartbeat frequency of a target using an impulse
radar according to an example embodiment.

[0045] To determine a heartbeat frequency of a target 110,
a bio-information determination apparatus 100 may project
a transmission radar signal toward the target 110 using a
transmission antenna. The transmission radar signal pro-
jected using the transmission antenna may be, for example,
a pulse type radar signal. For example, the transmission
radar signal may be an ultra wideband (UWB) impulse type
radar signal that is less harmful to humans and that con-
sumes low power. A UWB impulse type radar signal pro-
jected by the bio-information determination apparatus 100
may have a frequency characteristic, for example, a central
frequency and a bandwidth, that is set as a standard.
[0046] The bio-information determination apparatus 100
may determine the heartbeat frequency of the target 110
based on a reception radar signal. The reception radar signal
may be collected using a reception antenna by reflecting the
projected transmission radar signal from the target 110.
[0047] Inarelated art, a method of determining a heartbeat
frequency of a target using a reception radar signal is
provided. However, when the target slightly moves due to a
respiration, it is difficult to determine an exact heartbeat
frequency.

[0048] Even though a distance between the target 110 and
a radar antenna changes because the target 110 slightly
moves, the bio-information determination apparatus 100
may minimize an influence of a change in the distance and
may determine the heartbeat frequency of the target 110.
[0049] FIGS. 2A, 2B and 2C illustrate a method of gen-
erating a frame set according to an example embodiment.
[0050] In FIG. 2A, a transmission radar signal projected
by the bio-information determination apparatus 100 of FIG.
1 may be a pulse type signal with an extremely narrow width
in a time axis. The bio-information determination apparatus
100 may project the transmission radar signal toward a target
at regular intervals using a transmission antenna.

[0051] The bio-information determination apparatus 100
may collect a reception radar signal using a reception
antenna by reflecting the projected transmission radar signal
from the target. The bio-information determination appara-
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tus 100 may collect reception radar signals using the recep-
tion antenna at preset time intervals. The reception radar
signal collected using the reception antenna may be a signal
with multiple overlapping radar pulses.

[0052] The bio-information determination apparatus 100
may convert the collected reception radar signal to digital
data. For example, the collected reception radar signal may
he sampled using a plurality of samplers and may be
converted to the digital data. In the present disclosure, the
reception radar signal converted to the digital data may be
referred to as a “frame.”

[0053] FIG. 2B illustrates a form of a single frame. In FIG.
2B, a sampler index axis corresponding to a horizontal axis
represents a sampler index number, and a signal magnitude
axis corresponding to a vertical axis represents a voltage of
a radar signal collected using the reception antenna. Fach
sampler index number may be proportional to a distance
between a target and a radar antenna. For example, when the
sampler index number increases, the distance between the
target and the radar antenna may increase.

[0054] To efficiently extract the heartbeat frequency of the
target 110 from the reception radar signal, the bio-informa-
tion determination apparatus 100 may generate a frame set
by accumulating a plurality of frames over time, and may
use the frame set. A number of accumulated frames may be
a number of the form 2", for example, 512 or 1024.
[0055] FIG. 2C illustrates a form of a frame set. The frame
set may have a form in which a magnitude of a reception
radar signal is expressed on a plane formed by a sampler
index axis and a time axis. For example, the frame set may
be represented as a data structure for a two-dimensional
(3D) matrix.

[0056] For example, the bio-information determination
apparatus 100 may support “256” samplers. In this example,
“256” sampler indices of a frame set may be formed. Also,
the bio-information determination apparatus 100 may col-
lect “512” reception radar signals at each time interval of 20
milliseconds (ms). Frames collected at each time interval of
20 ms may be accumulated in a time axis direction to form
a frame set. Thus, the time axis may have “512” units of time
(0.02 second (s)), and a single frame set may be generated
based on reception radar signals collected for 10.24 s.
However, there is no limitation to the example, and thus
numerical values of the frame set may vary depending on
needs and uses.

[0057] The frame set generated by the bio-information
determination apparatus 100 may include bio-information of
the target 110. For example, data indicating a largest fluc-
tuation among data in a time axis direction in the frame set
may correspond to information about a respiration of the
target 110. As shown in FIG. 2C, a largest fluctuation of data
in the time axis direction corresponding to a 138% sampler
may indicate that a phase of a reception radar signal fluc-
tuates over time due to the respiration of the target 110.
[0058] Unlike the largest fluctuation, relatively small
ripples shown in data in the time axis direction correspond-
ing to almost all samplers may represent information about
a heartbeat of the target 110. The bio-information determi-
nation apparatus 100 may extract the information about the
heartbeat and the respiration of the target 110 by processing
the data in the time axis direction in a time domain or a
frequency domain.

[0059] FIG. 3 is a flowchart illustrating an example of a
method of determining a heartbeat frequency of a target
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using an impulse radar according to an example embodi-
ment. The method of FIG. 3 may be performed by the
bio-information determination apparatus 100 of FIG. 1.
[0060] Referring to FIG. 3, in operation 310, the bio-
information determination apparatus 100 may generate a
frame set by accumulating frames received at preset time
intervals. The frames may be generated by overlapping of
radar pulses reflected from a target of which a heart rate is
to be measured.

[0061] The generated frame set may have a form in which
a magnitude of a reception radar signal is expressed on a
plane formed by a sampler index axis and a time axis. For
example, the frame set may be represented as a data struc-
ture for a 2D matrix.

[0062] In operation 320, the bio-information determina-
tion apparatus 100 may determine a first magnitude spec-
trum of the frame set corresponding to a first frequency axis
by performing a frequency conversion of frames included in
the frame set in a sampler index axis direction.

[0063] In the related art, a frame set is generated by
accumulating a plurality of frames, and a frequency conver-
sion is performed on data in a time axis direction corre-
sponding to a specific sampler, for example, a sampler
corresponding to a peak, to extract a respiratory frequency
or a heartbeat frequency of a target. However, because a
position of a sampler corresponding to a maximum peak
occurring in each of frames included in the frame set
fluctuates in response to a change in a distance between the
target and a radar antenna, there is a need to attempt to
perform a frequency conversion while continuing to track
the fluctuation in the position, which may cause an incon-
venience.

[0064] Forexample, a maximum peak occurring in each of
the frames in the frame set may frequently fluctuate in a
sampler index axis direction due to an influence by a
respiration, and the like. Thus, it may he difficult to extract
a respiratory frequency or a heartbeat frequency of a target
based on data in the time axis direction corresponding to a
specific sampler.

[0065] To overcome the above limitation, the bio-infor-
mation determination apparatus 100 may perform a fre-
quency conversion of each of frames included in a frame set
of FIG. 4A in a sampler index axis direction as shown in
FIG. 4B. As a result, a sampler index axis of the frame set
may be converted to a first frequency axis, and the first
magnitude spectrum of the frame set corresponding to the
first frequency axis may be determined. For example, the
bio-information determination apparatus 100 may use a fast
Fourier transform (FFT) to perform a frequency conversion
of each of the frames.

[0066] The frequency conversion may be performed as
described above, because even though the target slightly
moves in the sampler index axis direction, an influence of a
slight movement of the target may be reduced in the fre-
quency domain.

[0067] In the first magnitude spectrum determined by
performing the frequency conversion of each of the frames,
the reception radar signal may have a highest basic fre-
quency, and an influence of a phase fluctuation in the
reception radar signal due to a heartbeat or a respiration of
the target may be represented in a form of a change over time
in a size of a main lobe and a size of a side lobe for a basic
frequency of the reception radar signal. The bio-information
determination apparatus 100 may extract the heartbeat fre-
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quency of the target using the above fluctuation component
of the first magnitude spectrum.

[0068] In operation 330, the bio-information determina-
tion apparatus 100 may filter the first magnitude spectrum in
a time axis direction using a band-pass titter (BPF) with a
frequency band corresponding to the heartbeat frequency.

[0069] A reception radar signal collected by the bio-
information determination apparatus 100 using a reception
antenna may include noise or information about the respi-
ration as well as information about the heartbeat of the
target. Thus, to more accurately determine the heartbeat
frequency of the target, the bio-information determination
apparatus 100 may need to filter the first magnitude spec-
trum to acquire the information about the heartbeat of the
target.

[0070] To this end, the bio-information determination
apparatus 100 may filter the first to magnitude spectrum in
a time axis direction using the BPF with the frequency band
corresponding to the heartbeat frequency, as shown in FIG.
5A. The BPF may be used to pass frequencies of 1 hertz (Hz)
to 3 Hz corresponding to a heartbeat frequency of a human.
In the first magnitude spectrum filtered using the BPF, a
fluctuation component caused by the heartbeat of the target
may remain.

[0071] In operation 340, the bio-information determina-
tion apparatus 100 may apply a window function corre-
sponding to a data length in the time axis direction to the
filtered first magnitude spectrum.

[0072] For example, the bio-information determination
apparatus 100 may multiply the window function by data in
the time axis direction for each first frequency included in
the filtered first magnitude spectrum, to reduce a spectral
leakage in a next frequency conversion.

[0073] In this example, the window function may have the
same length as a length of an original signal, and may have
a shape in which the original signal starts from “0” to
smoothly increase to “1” and “1” maintained in an end
portion of the original signal smoothly decreases to “0.” For
example, the bio-information determination apparatus 100
may multiply the window function by data in the time axis
direction for each first frequency, to obtain a result of a
continuous wave without a steep gradient.

[0074] In operation 350, the bio-information determina-
tion apparatus 100 may determine a second magnitude
spectrum of the frame set corresponding to the first fre-
quency axis and a second frequency axis by performing a
frequency conversion of the first magnitude spectrum, to
which the window function is applied, in the time axis
direction.

[0075] For example, the bio-information determination
apparatus 100 may perform a frequency conversion of the
first magnitude spectrum, to which the window function is
applied, in a time axis direction, as shown in FIG. 5B. In this
example, a time axis of the first magnitude spectrum may be
converted to the second frequency axis, and the second
magnitude spectrum corresponding to the first frequency
axis and the second frequency axis may be determined.
Similarly, the bio-information determination apparatus 100
may use the FFT to perform the frequency conversion of the
first magnitude spectrum, and may extract a frequency
corresponding to a fluctuation component in the time axis
direction caused by an influence on the heartbeat of the
target.
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[0076] In operation 360, the bio-information determina-
tion apparatus 100 may determine a third magnitude spec-
trum of the frame set by adding up values of the second
magnitude spectrum for each second frequency.

[0077] For example. the bio-information determination
apparatus 100 may add up values of the second magnitude
spectrum in a second frequency axis direction, as shown in
FIG. 6A. As a result, the bio-information determination
apparatus 100 may determine the third magnitude spectrum
that is a one-dimensional (1D) magnitude spectrum for each
second frequency as shown in FIG. 6B.

[0078] In operation 370, the bio-information determina-
tion apparatus 100 may determine a frequency correspond-
ing to a peak in the third magnitude spectrum as the
heartbeat frequency. The third magnitude spectrum may
represent heartbeat frequencies of the target included in a
frame set generated based on the reception radar signal
collected using the reception antenna. For example, a second
frequency having a highest value in the third magnitude
spectrum may be a heartbeat frequency of the target to be
measured.

[0079] As described above, the bio-information determi-
nation apparatus 100 may efficiently determine bio-infor-
mation, for example, a heartbeat frequency, of a human
using a UWB impulse radar. Unlike the related art, accord-
ing to an example embodiment,a frequency conversion of a
single frame may be performed, data may be converted to
frequency domain data, and an additional process may be
applied, and thus it is possible to efficiently extract bio-
information of a target even though the target slightly moves
or a distance between the target and a radar antenna changes.

[0080] In the related art, a method of determining a
heartbeat frequency of a target using a reception radar signal
is provided. However, it is difficult to determine an exact
heartbeat frequency in response to a sudden and unintended
movement of the target.

[0081] According to an embodiment, even though a dis-
tance between the target and the radar antenna changes due
to a sudden and unintended movement of the target, the
bio-information determination apparatus 100 may minimize
an influence of a change in the distance, and may robustly
determine the heartbeat frequency of the target.

[0082] According to example embodiments, a method of
determining a heartbeat frequency of a target based on a
frame set in the bio-information determination apparatus
100 in terms of each of a time domain and a frequency
domain may be provided.

[0083] <Determination of Heartbeat Frequency of Target
in Time Domain>

[0084] FIG. 7 is a flowchart illustrating another example
of a method of determining a heartbeat frequency of a target
using an impulse radar according to an example embodi-
ment. The method of FIG. 7 may be performed by the
bio-information determination apparatus 100 of FIG. 1.

[0085] Referring to FIG. 7, in operation 710, the bio-
information determination apparatus 100 may generate a
frame set by accumulating frames received at preset time
intervals. The frames may be generated by overlapping of
radar pulses reflected from a target of which a heart rate is
to be measured.

[0086] The generated frame set may have a form in which
a magnitude of a reception radar signal is expressed on a
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plane formed by a sampler index axis and a time axis. For
example, the frame set may be represented as a data struc-
ture for a 2D matrix.

[0087] In operation 720, the bio-information determina-
tion apparatus may remove a transition portion in which a
transition occurs due to a movement of the target from the
generated frame set.

[0088] A frame set generated when the target moves, and
a frame set generated when the target does not move may be
compared with reference to FIGS, 8A, 8B, 8C and 8D. FIG.
8A illustrates a top view of the frame set generated when the
target does not move, and FIG. 8B illustrates a top view of
the frame set generated when the target moves. Referring to
FIG. 8B, data is horizontally deviated in an interval of about
2.5 s 10 4.7 s due to the movement of the target.

[0089] FIGS. 8C and 8D illustrate data in a time axis
direction corresponding to a 142” sampler in the frame sets
of FIGS. 8A and 8B, respectively. A ripple shown in FIG. 8C
may indicate that a phase of a reception radar signal fluc-
tuates over time by a heartbeat of the target.

[0090] The bio-information determination apparatus 100
may process the above data in the time axis direction in the
time domain or the frequency domain, to accurately extract
the heartbeat frequency of the target. For example, data may
be additionally processed when all frames included in the
frame set are aligned along a time axis. However, when
frames are not aligned as shown in FIG. 8B, data in the time
axis direction may be collected and a transition portion may
be present in a specific time interval as shown in FIG. 8D.
Due to the transition portion, information about the heart-
beat of the target may be distorted.

[0091] Thus, the bio-information determination apparatus
100 may minimize an influence of an unintended movement
of the target, and may clarify an interval corresponding to a
frame with the transition portion, to detect the heartbeat
frequency of the target. A sampler index corresponding to a
maximum peak in the frame set may reflect the movement
of the target. A position in which the maximum peak occurs
in the frame set may change based on a distance between the
target and a radar antenna. For example, when the target 110
is located far away from the radar antenna, the sampler index
may increase. Thus, it is possible to relatively accurately
quantify the movement of the target by observing a position
of a samipler index corresponding to the maximum peak in
the frame set.

[0092] For example., the bio-information determination
apparatus 100 may extract first sampler indices that each
indicate a maximum peak of each of frames included in the
frame set of FIG. 2C. The bio-information determination
apparatus 100 may determine a sanipler index cortesponding
to a largest number of maximum peaks among the first
sampler indices as a second sampler index. For example, the
138" sampler may correspond to a largest number of maxi-
mum peaks as shown in FIG. 2C. In this example, the
bio-information determination apparatus 100 may determine
the second sampler index based on a histogram of the
extracted first sampler indices.

[0093] The bio-information determination apparatus 100
may generate a movement profile based on the movement of
the target using a difference between a first sampler index
and a second sampler index. For example, FIGS. 9A and 9B
illustrate examples of movement profiles generated based on
the difference between the first sampler index and the second
sampler index. It may be found from FIG. 9A that the target
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moves in an interval of about 2.77 s to 3.51 s. Also, it may
be found from FIG. 9B that the target moves in an interval
of about 4.07 s to 4.41 s and an interval of about 5.91 s to
6.4 s.

[0094] The bio-information determination apparatus 100
may align frames included in the frame set based on the
generated movement profile. For example, the bio-informa-
tion determination apparatus 100 may control a maximum
peak of each of the frames to match a maximum peak
indicated by second sampler index based on the generated
movement profile, and may remove a frame with a transition
portion in which a transition occurs due to the movement of
the target.

[0095] For example, because the target moves in the
interval of about 2.77 s to 3.51 s as shown in FIG. 9A, all
frames corresponding to the interval may be removed. In
another example, as shown in FIG. 9B, all frames corre-
sponding to the interval of about 4.07 s to 4.41 s and the
interval of about 5.91 s to 6.4 s in which the target moves
may be removed. However, frames corresponding to an
interval ti of about 4.41 s to 5.91 s and an interval t, of about
6.4 s to 10.24 s may not need to be removed because the
target does not move in the intervals t; and t,.

[0096] Thus, the bio-information determination apparatus
100 may shift data of the frames corresponding to the
intervals t, and t, by “4” and “1” in a sampler index axis
direction so that a maximum peak of each of the frames
corresponding to the intervals t, and t, may be aligned with
a maximum peak indicated by the second sampler index.

[0097] The frame set reconstructed by the bio-information
determination apparatus 100 as is described above may be
an incomplete frame set with empty data because frames
with the transition portion are removed.

[0098] In operation 730, the bio-information determina-
tion apparatus may determine the heartbeat frequency of the
target based on the frame set from which the frame with the
transition portion is removed.

[0099] Because the frame set reconstructed in operation
720 is an incomplete frame set with empty data because a
frame with the transition portion is removed, a statistical
process may be required to measure an exact heartbeat
frequency of the target.

[0100] The reconstructed frame set may be regarded as
incomplete data that is uniformly sampled. Thus, to detect a
weak frequency component in the incomplete data, the
bio-information determination apparatus 100 may apply a
Lomb-Scargle periodogram as a mathematical process to the
incomplete data. The Lomb-Scargle periodogram may be a
kind of deformed power spectral densities. The Lomb-
Scargle periodogram may efficiently detect a periodic pat-
tern and a result of the detecting may have a high precision,
even though a periodic component is covered by noise.

[0101] A Lomb-Scargle normalized periodogram at a fre-
quency f may be defined as shown in Equation 1, for a set
of N data points X=X(t;) at times t; where j=1, ..., N.

[Equation 1]

Pe(f) {E[Zj(xd""?)°°s‘“"f‘”]2
= — +
' { Zj(cosw(ll—'r))2




US 2019/0320940 A1

-continued
[Z]_(Xj— :’E)sin w(t;— T)]z

X (sinw(t;- )7

J
|
'
I
)

[0102] InEquation 1, o=2xf, and X and o® denote a mean
and variance of X(tj) and are represented by Equations 2 and
3 shown below, respectively.

S ) [Equation 2]
X=—>X;
NJZ::‘
1 AN 2 [Equation 3]
o= —Y (X-X)
N-14

[0103] Also, a time offset T may be defined by Equation 4
shown below.

sin 2wt [Equation 4]
tan(2w7) = —— —
2. jeos 2wi;
[0104] The reconstructed frame set may include “512”

pieces of data X, in a time axis direction corresponding to a
sampler index indicting a maximum peak. The “512” pieces
of data X, may include an empty interval corresponding to
removed frames. Because a total number of pieces of data X,
is “512,” N may be set to “512.” A periodogram may be
calculated by applying N of “512” to Equation 1, to obtain
a result shown in FIGS. 6A and 6B. As shown in FIG. 10,
a frequency of about 1.61 Hz indicating a peak component
may be a heartbeat frequency of the target acquired from the
reconstructed frame set that is incomplete data.

[0105] <Determination of Heartbeat Frequency of Target
in Frequency Domain>

[0106] The bio-information determination apparatus 100
may determine, based on a frame set, a heartbeat frequency
of a target of which a heart rate is to be measured. The frame
set may be generated by accumulating frames received at
preset time intervals. The frames may be generated by
overlapping of radar pulses reflected from the target. The
bio-information determination apparatus 100 may process
the frame set in a frequency domain instead of the above-
described time domain, to determine the heartbeat frequency
of the to target.

[0107] For example, the bio-information determination
apparatus 100 may extract first sampler indices that each
indicate a maximum peak of each of frames included in the
frame set of FIG. 2C. The bio-information determination
apparatus 100 may determine a sampler index corresponding
to a largest number of maximum peaks among the first
sampler indices as a second sampler index. For example, the
138% sampler may correspond to a largest number of maxi-
mum peaks as shown in FIG. 2C, in this example, the
bio-information determination apparatus 100 may determine
the second sampler index based on a histogram of the
extracted first sampler indices.

[0108] The bio-information determination apparatus 100
may generate a movement profile based on a movement of
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the target using a difference between a first sampler index
and a second sampler index. For example, FIGS. 9A and 9B
illustrate examples of movement profiles generated based on
the difference between the first sampler index and the second
sampler index. It may be found from FIG. 9A that the target
moves in an interval of about 2.77 s to 3.51 s. Also, it may
be found from FIG. 9B that the target moves in an interval
of about 4.07 s to 4.41 s and an interval of about 5.91 s to
6.4 s.

[0109] The bio-information determination apparatus 100
may determine a magnitude spectrum of the frame set
corresponding to a frequency axis by performing a fre-
quency conversion of frames included in the frame set in a
sampler index axis direction. The determined magnitude
spectrum may be used to minimize an influence of a move-
ment of the target even thought the target moves.

[0110] The bio-information determination apparatus 100
may remove a portion corresponding to the movement of the
target from the magnitude spectrum based on the movement
profile. For example, because the target moves in the interval
of about 2.77 s to 3.51 s as shown in FIG. 9A, the
bio-information determination apparatus 100 may remove
all frames corresponding to the interval from the magnitude
spectrum. Similarly, because the target moves in the interval
of about 4.07 s to 4.41 s and the interval of about 5.91 s to
6.4 s as shown in FIG. 9B, the bio-information determina-
tion apparatus 100 may remove all frames corresponding to
the intervals from the magnitude spectrum.

[0111] The bio-information determination apparatus 100
may determine the heartbeat frequency of the target based on
the magnitude spectrum from which the portion is corre-
sponding to the movement of the target is removed. For
example, the bio-information determination apparatus 100
may apply a Lomb-Scargle periodogram as a mathematical
process to data in a time axis direction with a frequency
indicating a maximum peak in the magnitude spectrum from
which the portion corresponding to the movement of the
target is removed. The Lomb-Scargle periodogram may be
a kind of deformed power spectral densities. The Lomb-
Scargle periodogram may efliciently detect a periodic pat-
tern and a result of the detecting may have a high precision,
even though a periodic component is covered by noise.
[0112] Similarly to the time domain, the bio-information
determination apparatus 100 may apply the Lomb-Scargle
periodogram to the magnitude spectrum, to obtain a result of
FIG. 10. In FIG. 10, a frequency of about 1.61 Hz indicating
a peak component may be a heartbeat frequency of the
target.

[0113] As described above, the bio-information determi-
nation apparatus 100 may efficiently determine bio-infor-
mation, for example, a heartbeat frequency, of a human
using a UWB impulse radar. For example, when a target
suddenly and unintentionally moves, the bio-information
determination apparatus 100 may remove a transition por-
tion in which a transition occurs due to a movement of the
target, and may apply the Lomb-Scargle periodogram to the
removed transition portion, that is, incomplete data. Thus, it
is possible to robustly and efficiently extract bio-information
of the target with a higher accuracy.

[0114] FIG. 11 is a flowchart illustrating a method of
determining a respiratory rate of a target using an impulse
radar according to an example embodiment. The method of
FIG. 11 to may be performed by the bio-information deter-
mination apparatus 100 of FIG. 1.
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[0115] The bio-information determination apparatus 100
may determine the respiratory rate of the target based on a
reception radar signal. The reception radar signal may be
collected using a reception antenna by reflecting a projected
transmission radar signal from the target

[0116] Referring to FIG. 11, in operation 1110, the bio-
information determination apparatus 100 may generate a
frame set by accumulating frames received at preset time
intervals. The frames may be generated by overlapping of
radar pulses reflected from a target of which a respiratory
rate is to be measured.

[0117] The generated frame set may have a form in which
a magnitude of a reception radar signal is expressed on a
plane formed by a sampler index axis and a time axis. For
example, the frame set may be represented as a data struc-
ture for a 2D matrix.

[0118] In operation 1120, the bio-information determina-
tion apparatus 100 may determine a magnitude spectrum of
the frame set corresponding to a frequency axis by perform-
ing a frequency conversion of frames included in the frame
set in a sampler index axis direction.

[0119] In the related art, a frame set is generated by
accumulating a plurality of frames, and a frequency conver-
sion is performed on data in a time axis direction corre-
sponding to a specific sampler, for example, a sampler
corresponding to a peak, to extract a respiratory frequency
or a heartbeat frequency of a target. However, because a
position of a sampler corresponding to a maximum peak
occurring in each of frames included in the frame set
fluctuates in response to a change in a distance between the
target and a radar antenna, there is a need to attempt to
perform a frequency conversion while continuing to track
the fluctuation in the position, which may cause an incon-
venience.

[0120] For example, a maximum peak occurring in each of
the frames in the frame set may frequently fluctuate in the
sampler index axis direction due to an influence by a
respiration, and the like. Thus, it may be difficult to extract
a respiratory frequency or a heartbeat frequency of a target
based on data in the time axis direction corresponding to a
specific to sampler.

[0121] To overcome the above limitation, the bio-infor-
mation determination apparatus 100 may perform a fre-
quency conversion of each of frames included in a frame set
of FIG. 4A in a sampler index axis direction as shown in
FIG. 4B. As a result, a sampler index axis of the frame set
may be converted to a first frequency axis, and a magnitude
spectrum of the frame is set corresponding to the first
frequency axis may be determined. For example, the bio-
information determination apparatus 100 may use an FFT to
perform a frequency conversion of each of the frames.
[0122] The frequency conversion may be performed as
described above, because even though the target slightly
moves in the sampler index axis direction, an influence of a
slight movement of the target may be reduced in the fre-
quency domain.

[0123] In the magnitude spectrum determined by perform-
ing the frequency conversion of each of the frames, the
reception radar signal may have a highest basic frequency,
and an influence of a phase fluctuation in the reception radar
signal due to a heartbeat or a respiration of the target may be
represented in a form of a change over time in a size of a
main lobe and a size of a side lobe for a basic frequency of
the reception radar signal. The bio-information determina-
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tion apparatus 100 may extract a heartbeat frequency of the
target using the above fluctuation component of the magni-
tude spectrum.

[0124] In operation 1130, the bio-information determina-
tion apparatus 100 may filter the magnitude spectrum using
a low-pass filter (LPF) to remove a ripple component of a
high frequency band corresponding to the heartbeat fre-
quency of the target from the magnitude spectrum.

[0125] The reception radar signal collected by the bio-
information determination apparatus 100 using the reception
antenna may include undesired noise that suddenly changes,
or include information about a respiration of the target as
well as information about a heartbeat of the target. Thus, to
more accurately determine the respiratory rate of the target,
the bio-information determination apparatus 100 may need
to filter the magnitude spectrum to acquire the information
about the respiration of the target.

[0126] To this end, the bio-information determination
apparatus 100 may filter the magnitude spectrum in the time
axis direction using the LPF. The bio-information determi-
nation apparatus 100 may remove a noise component and
heartbeat data having a higher frequency than that of respi-
ration data of the target, by filtering the magnitude spectrum
using the LPF. In the magnitude spectrum filtered using the
LPF, a fluctuation component caused by the respiration of
the target may remain.

[0127] In operation 1140, the bio-information determina-
tion apparatus 100 may calculate an average peak of the
magnitude spectrum by adding up values of the filtered
magnitude spectrum for each frequency.

[0128] In operation 1150, the bio-information determina-
tion apparatus 100 may determine the respiratory rate based
on a period derived by the calculated average peak and a
respiratory frequency of the target determined based on the
derived period.

[0129] For example, the bio-information determination
apparatus 100 may calculate a respiratory period of the
target as shown in Equation 5 below

Period(7)=average peakx20 ms

[0130] Also, the bio-information determination apparatus
100 may calculate a respiratory frequency of the target based
on the respiratory period calculated in Equation 5, using
Equation 6 shown below.

[Equaticn 5]

Frequency(Hz)=1/Period

[0131] The bio-information determination apparatus 100
may determine the respiratory rate based on the calculated
respiratory frequency, using Equation 7 shown below.

[Equation 6]

RPM=Frequencyx60

[0132] When the respiratory rate is determined based on
the frame set as described above, the bio-information deter-
mination apparatus 100 may remove a frame that is first
accumulated in the frame set, and may insert a last collected
frame into the frame set, to reconstruct the frame set. The
bio-information determination apparatus 100 may continue
to is determine the respiratory rate based on the recon-
structed frame set.

[0133] FIGS. 12A, 12B, 12C, 12D, 12E and 12F illustrate
a process of generating a frame set according to an example
embodiment. Before the bio-information determination
apparatus 100 of FIG. 1 determines a respiratory rate of a
target, a frame set may be empty as shown in FIG. 12A. The
bio-information determination apparatus 100 may collect

[Equation 7]
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frames using a reception antenna and may accumulate the
frames in the frame set, as shown in FIG. 12B. When the
frame set is completed by accumulating the frames as shown
in FIG. 12C, the bio-information determination apparatus
100 may determine the respiratory rate of the target based on
the frame set.

[0134] The bio-information determination apparatus 100
may remove a frame that is first accumulated from the frame
set as shown in FIG. 12D, and may insert a last collected
frame into the frame set as shown in FIG. 12FE, to reconstruct
the frame set as shown in FIG. 12F. The bio-information
determination apparatus 100 may continue to determine the
respiratory rate of the target based on the reconstructed
frame set.

[0135] According to example embodiments, a frequency
conversion of a single frame derived by radar pulses
reflected from a target may be performed, data may be
converted to a frequency domain data, and an additional
process may be applied. Thus, it is possible to efficiently
extract bio-information of the target even though a distance
between the target and a radar antenna changes or the target
slightly moves.

[0136] The units described herein may be implemented
using hardware components, software components, and/or a
combination thereof. For example, the units and components
described herein may be implemented using one or more
general-purpose or special purpose computers, such as, for
example, a processor, a controller and an arithmetic logic
unit (ALU), a digital signal processor, a microcomputer, a
field programmable gate array (FPGA), a programmable
logic unit (PLU). a microprocessor, or any other device
capable of responding to and executing instructions in a
defined manner. A processing device may run an operating
system (OS) and one or more software applications that run
on the OS. The processing device also may access, store,
manipulate, process, and create data in response to execution
of the software. For purpose of simplicity, the description of
a processing device is used as singular; however, one skilled
in the art will be appreciated that a processing device may
include multiple processing elements and/or multiple types
of processing elements. For example, a processing device
may include multiple processors or a processor and a
controller. In addition, different processing configurations
are possible, such as parallel processors.

[0137] The software may include a computer program, a
piece of code, an instruction, or some combination thereof,
to independently or collectively instruct or configure the
processing device to operate as desired. Software and data
may be embodied permanently or temporarily in any type of
machine, component, physical or virtual equipment, com-
puter storage medium or device, or in a propagated signal
wave capable of providing instructions or data to or being
interpreted by the processing device. The software also may
be distributed over network coupled computer systems so
that the software is stored and executed in a distributed
fashion. The software and data may be stored by one or more
non-transitory computer readable recording mediums.
[0138] The methods according to the above-described
example embodiments may be recorded in non-transitory
computer-readable media including program instructions to
implement various operations of the above-described
example embodiments. The media may also include, alone
or in combination with the program instructions, data files,
data structures, and the like. The program instructions
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recorded on the media may be those specially designed and
constructed for the purposes of example embodiments, or
they may be of the kind well-known and available to those
having skill in the computer software arts. Examples of
non-transitory computer-readable media include magnetic
media such as hard disks, floppy disks, and magnetic tape
optical media such as CD-ROM discs, DVDs, and/or Blue-
ray discs; magneto-optical media such as optical discs; and
hardware devices that are specially configured to store and
perform program instructions, such as read-only memory
(ROM), random access memory (RAM), flash memory (e.g.,
USB flash drives, memory cards, memory sticks, etc.), and
the like. Examples of program instructions include both
machine code, such as produced by a compiler, and files
containing higher level code that may be executed by the
computer using an interpreter. The above-described devices
may be configured to act as one or more software modules
in order to perform the operations of the above-described
example embodiments, or vice versa.
[0139] A number of example embodiments have been
described above. Nevertheless, it should be understood that
various modifications may be made to these example
embodiments. For example, suitable results may be achieved
if the described techniques are performed in a different order
and/or if components in a described system, architecture,
device, or circuit are combined in a different manner and/or
replaced or supplemented by other components or their
equivalents. Accordingly, other implementations are within
the scope of the following claims.
What is claimed is:
1. A method of determining bio-information of a target,
the method comprising:
generating a frame set by accumulating frames during a
predetermined reception time, the frames each having
radar pulses that are reflected from a target of which a
respiratory rate is to be measured and that overlap;
determining a magnitude spectrum of the frame set cor-
responding to a frequency axis by performing a fre-
quency conversion of frames included in the frame set
in a sampler index axis direction; and
determining the respiratory rate of the target based on the
magnitude spectrum.
2. The method of claim 1, further comprising:
filtering the magnitude spectrum using a low-pass filter
(LPF) to remove a ripple component of a high fre-
quency band corresponding to a heartbeat frequency of
the target from the magnitude spectrum;
wherein the determining of the respiratory rate comprises
determining the respiratory rate based on the filtered
magnitude spectrum.
3. The method of claim 2, wherein the determining of the
respiratory rate comprises:
calculating an average peak of the magnitude spectrum by
adding up values of the filtered magnitude spectrum for
each frequency; and
determining the respiratory rate based on a period derived
by the calculated average peak and based on a respi-
ratory frequency of the target determined based on the
derived period.
4. An apparatus for determining bio-information of a
target, the apparatus comprising:
a processor configured to:
generate a frame set by accumulating frames during a
predetermined reception time, the frames each hav-
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ing radar pulses that are reflected from a target of
which a respiratory rate is to be measured and that
overlap;
determine a magnitude spectrum of the frame set
corresponding to a frequency axis by performing a
frequency conversion of frames included in the
frame set in a sampler index axis direction; and
to determine the respiratory rate of the target based on
the magnitude spectrum.
5. The apparatus of claim 4, wherein the processor is
further configured to:
filter the magnitude spectrum using a low-pass filter
(LPF) to remove a ripple component of a high fre-
quency band corresponding to a heartbeat frequency of
the is target from the magnitude spectrum, and
determine the respiratory rate based on the filtered mag-
nitude spectrum.
6. The apparatus of claim 4, wherein the processor is
further configured to:
calculate an average peak of the magnitude spectrum by
adding up values of the filtered magnitude spectrum for
each frequency; and
determine the respiratory rate based on a period derived
by the calculated average peak and based on a respi-
ratory frequency of the target determined based on the
derived period.
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