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(57) ABSTRACT

A respiration rate detection device including a photoplethys-
mography (PPG) detector, an acceleration detector and a
processing unit is provided. The processing unit calculates
an acceleration peak frequency in an acceleration frequency
spectrum, and takes a PPG acceleration peak frequency in a
PPG frequency spectrum corresponding to the acceleration
peak frequency as a respiration rate.
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OPTICAL RESPIRATION RATE DETECTION
DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation-in-part applica-
tion of U.S. patent application Ser. No. 15/132,389 filed on,
Apr. 19, 2016, which claims the priority benefit of Taiwan
Patent Application Serial Number 104117736, filed on Jun.
1, 2015, the full disclosure of which is incorporated herein
by reference.

BACKGROUND

1. Field of the Disclosure

[0002] This disclosure generally relates to an optical
physiological detection device and a detection method
thereof, more particularly, to an optical respiration rate
detection device using photoplethysmography signals and a
detection method thereof.

2. Description of the Related Art

[0003] Conventional pulse oximeters utilize a non-inva-
sive method to monitor the blood oxygenation and the heart
rate of a user. A conventional pulse oximeter generally emits
a red light beam (wavelength of about 660 nm) and an
infrared light beam (wavelength of about 910 nm) to pen-
etrate a part of the human body and detects an intensity
variation of the penetrating light based on the feature that the
oxyhemoglobin and the deoxyhemoglobin have different
absorptivities in particular spectrum, e.g. referring to U.S.
Pat. No. 7,072,701 and entitled “Method for spectrophoto-
metric blood oxygenation monitoring”. After the intensity
variation of the penetrating light, e.g., photoplethysmogra-
phy signals or PPG signals, of the two wavelengths is
detected, the blood oxygenation can be calculated according
to an equation Oxygen Saturation=100%x[HbO,]/([HbO,]+
[Hb]), wherein [HbO,] is an oxyhemoglobin concentration
and [Hb] is a deoxy-hemoglobin concentration.

[0004] Generally, the intensity variation of the penetrating
light of the two wavelengths detected by a pulse oximeter
will increase and decrease with heartbeats. This is because
blood vessels will expand and contract with heartbeats such
that the blood volume through which the light beams pass
will change to accordingly change the ratio of light energy
being absorbed. Therefore, the heart rate of a user can be
calculated according to the PPG signal.

[0005] In addition to the above oxygen saturation and the
heart rate, the PPG signal can also be used to measure a
respiration rate. However, the PPG signal generally has ultra
low frequency noises which can degrade the accuracy of the
respiration rate measurement.

SUMMARY

[0006] Accordingly, the present disclosure provides an
optical respiration rate detection device with high detection
accuracy and a detection method thereof.

[0007] The present disclosure provides an optical respira-
tion rate detection device and a detection method thereof
that previously categorize a respiration rate range of a
current user to remove the noise interference thereby
improving the detection accuracy.
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[0008] The present disclosure further provides an optical
respiration rate detection device and a detection method
thereof that combine calculation results of different respira-
tion rate algorithms using different weightings to improve
the detection accuracy.

[0009] The present disclosure provides a respiration rate
detection device including an optical sensing unit, an accel-
eration sensing unit and a processing unit. The optical
sensing unit is configured to output an intensity variation
signal. The acceleration sensing unit is configured to output
an acceleration signal. The processing unit is configured to
convert the intensity variation signal to a first frequency
domain data and convert the acceleration signal to a second
frequency domain data, determine a frequency range accord-
ing to a second peak frequency in the second frequency
domain data, and calculate a respiration rate according to a
first peak frequency within the frequency range of the first
frequency domain data.

[0010] The present disclosure provides a respiration rate
detection device including an optical sensing unit, an accel-
eration sensing unit and a processing unit. The optical
sensing unit is configured to output an intensity variation
signal. The acceleration sensing unit is configured to output
an acceleration signal. The processing unit is configured to
convert the intensity variation signal to a first frequency
domain data and convert the acceleration signal to a second
frequency domain data, calculate a second peak value within
a predetermined frequency range of the second frequency
domain data, determine a first peak frequency of a first peak
value in the first frequency domain data corresponding to the
second peak value, and calculate a respiration rate according
to the first peak frequency.

[0011] The present disclosure provides a respiration rate
detection device including an optical sensing unit, an accel-
eration sensing unit and a processing unit. The optical
sensing unit is configured to output an intensity variation
signal. The acceleration sensing unit is configured to output
an acceleration signal. The processing unit is configured to
convert the intensity variation signal to a first frequency
domain data and convert the acceleration signal to a second
frequency domain data, determine a denoising range accord-
ing to a second peak frequency in the second frequency
domain data, remove the first frequency domain data within
the denoising range of the first frequency domain data, and
take a first peak frequency in the remained first frequency
domain data as a respiration rate.

[0012] The optical respiration rate detection device of the
present disclosure is a transmissive detection device or a
reflective detection device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Other objects, advantages, and novel features of the
present disclosure will become more apparent from the
following detailed description when taken in conjunction
with the accompanying drawings.

[0014] FIG. 1 is a schematic block diagram of a respiration
rate detection device according to a first embodiment of the
present disclosure.

[0015] FIG. 2A is a schematic diagram of an intensity
variation signal generated by a respiration rate detection
device according to an embodiment of the present disclo-
sure.
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[0016] FIG. 2B is a schematic diagram of frequency
domain data generated by a respiration rate detection device
according to an embodiment of the present disclosure.

[0017] FIG. 3 is a flow chart of a respiration rate detection
method according to a first embodiment of the present
disclosure.

[0018] FIG. 4 is a schematic block diagram of a respiration
rate detection device according to a second embodiment of
the present disclosure.

[0019] FIG. 5 is a schematic diagram of a look-up table of
a respiration rate detection device according a second
embodiment of the present disclosure.

[0020] FIG. 6is a flow chart of a respiration rate detection
method according to a second embodiment of the present
disclosure.

[0021] FIG. 7 is a schematic block diagram of a respiration
rate detection device according to a third embodiment of the
present disclosure.

[0022] FIG. 8 is an operational schematic diagram of a
respiration rate detection device according to a third
embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENT

[0023] The illustration below includes embodiments of the
present disclosure to clarify how the present disclosure is
applied to actual conditions. It should be mentioned that
elements not directly related to the present disclosure are
omitted in the drawings. Meanwhile, to clarify the relation-
ship between elements, scales of the element in the drawings
may not be identical to actual scales.

[0024] Referring to FIG. 1, it is a schematic block diagram
of a respiration rate detection device 100 according to a first
embodiment of the present disclosure. The respiration rate
detection device 100 categorizes currently detected photop-
lethysmography signals (or PPG signals) according to pre-
determined categorization data so as to remove the noise
interference in a part of frequency zones thereby increasing
the detection accuracy. The respiration rate detection device
100 includes a light source 11, an optical sensing unit 12 and
a processing unit 13.

[0025] The light source 11 is selected from a coherent light
source, a partially coherent light source or a non-coherent
light source without particular limitations, e.g., a light
emitting diode or a laser diode. The light source 11 provides
light to illuminate a skin region SR. The light enters skin
tissues under the skin region SR and then emerges from the
skin region SR after propagating inside the skin tissues for
a distance. In some embodiments, an illumination wave-
length of the light source 11 is selected from those used in
conventional pulse oximeters. In other embodiments, an
illumination wavelength of the light source 11 is selected
from 300 nm to 940 nm. It should be mentioned that,
although FIG. 1 shows only one light source 11, it is only
intended to illustrate but not to limit the present disclosure.
In some embodiments, if the respiration rate detection
device 100 is also used for detecting an oxygen saturation,
two light sources respectively illuminating red light and
infrared light are used. In other embodiments, if the respi-
ration rate detection device 100 also has a calibration
function, three light sources respectively illuminating green
light, red light and infrared light are used, wherein the green

Aug. 29,2019

light PPG signal is used to determine a filter parameter for
filtering the red light PPG signal and the infrared light PPG
signal.

[0026] The optical sensing unit 12 detects light emergent
from the skin region SR and outputs an intensity variation
signal. In some embodiments, the optical sensing unit 12 is
a photodiode and the intensity variation signal outputted
from the photodiode is used as the PPG signal. In some
embodiments, the optical sensing unit 12 is an image sensor
which has a pixel array including a plurality of pixels. Each
pixel of the pixel array respectively outputs an intensity
signal within a frame and the processing unit 13 further
calculates a sum of the intensity signals outputted from a
plurality of pixels within the frame, wherein a variation of
the sum of the intensity signals with time is used as the PPG
signal. In some embodiments, an intensity variation signal
outputted by each pixel of the pixel array is used as the PPG
signal, i.e. the pixel array outpuiting a plurality of intensity
variation signals. In addition, in some embodiments when
the optical sensing unit 12 is an image sensor, it is preferably
an active image sensor, e.g., a CMOS image sensor. In the
active image sensor, a window of interest is determined
according to an actual intensity distribution detected by the
pixel array thereof, wherein the processing unit 13 processes
pixel data only within the window of interest but ignores
pixel data outside the window of interest so as to improve
the practicability thereof.

[0027] The processing unit 13 is, for example, an appli-
cation specific integrated circuit (ASIC), a digital signal
processor (DSP), a microcontroller (MCU) or a central
processing unit (CPU) for receiving and post-processing the
intensity variation signal outputted from the optical sensing
unit 12. In this embodiment, the processing unit 13 converts
the intensity variation signal to frequency domain data,
categorizes the frequency domain data into one of a plurality
of frequency zones according to predetermined categoriza-
tion data, and calculates a respiration rate according to the
frequency domain data of the categorized frequency zone.

[0028] The processing unit 13 includes, for example, a
categorization module 131, a PPG measurement module
133, a frequency conversion module 135 and a respiration
calculation module 137. It should be mentioned that
although FIG. 1 shows functions performed by the process-
ing unit 13 as different functional blocks, it is only intended
to illustrate but not to limit the present disclosure. The
functions performed by the categorization module 131, the
PPG measurement module 133, the frequency conversion
module 135 and the respiration calculation module 137 are
all considered to be performed by the processing unit 13 and
implemented by software, hardware or a combination
thereof without particular limitations.

[0029] Referring to FIGS. 1 and 2A-2B, FIG. 2A is a
schematic diagram of an intensity variation signal (or PPG
signal) generated by a respiration rate detection device
according to an embodiment of the present disclosure, and
FIG. 2B is a schematic diagram of frequency domain data
generated by a respiration rate detection device according to
an embodiment of the present disclosure.

[0030] The PPG measurement module 133 receives the
intensity variation signal from the optical sensing unit 12
and continuously acquires intensity signals within a time
interval, e.g., 5 to 10 seconds, to be used as the PPG signal.
For example, FIG. 2A shows the intensity variation signal
within a time interval of 6 seconds to be used as the PPG



US 2019/0261890 A1

signal. As the optical sensing unit 12 sequentially outputs
intensity signals at a sample rate (or frame rate), the time
intervals may or may not be overlapped with one another in
time. For example, the PPG measurement module 133 takes
the intensity variation signal between 1 to 7 seconds as a
next PPG signal or takes the intensity variation signal
between 7 to 13 seconds as a next PPG signal, and so on.
[0031] When the optical sensing unit 12 is a photodiode,
the PPG measurement module 133 directly retrieves the
intensity variation signal being outputted within a time
interval as the PPG signal, wherein the PPG measurement
module 133 does not perform any processing on the inten-
sity variation signal or performs the pre-processing such as
filtering or amplifying on the intensity variation signal.
When the optical sensing unit 12 is an image sensor, the PPG
measurement module 133 calculates a sum of intensity
signals of at least a part of pixel data (e.g. pixel data within
a window of interest) of every frame outputted by the pixel
array, and continuously retrieves the sum of intensity signals
within a time interval, e.g., 5 to 10 seconds, as the PPG
signal as shown in FIG. 2A. In other embodiments, when the
optical sensing unit 12 is an image sensor, the image sensor
itself has the function of calculating the sum of intensity
signals (e.g., implemented by circuit). In this case, the PPG
measurement module 133 retrieves the sum of intensity
signals within a time interval, e.g., 5 to 10 seconds, as the
PPG signal. In this case, the PPG measurement module 133
does not perform any processing on the sum of intensity
signals or performs the pre-processing such as filtering or
amplifying on the sum of intensity signals. It should be
mentioned that although FIG. 2A shows the intensity varia-
tion signal within 6 seconds being used as the PPG signal,
it is only intended to illustrate but not to limit the present
disclosure.

[0032] The frequency conversion module 135 converts the
intensity variation signal (or PPG signal) into frequency
domain data as shown in FIG. 2B, wherein the frequency
conversion is selected from, for example, the fast Fourier
transform (FFT) or discrete Fourier transform (DFT) with-
out particular limitations.

[0033] As shown in FIG. 2B, if there is no ultra low
frequency noise, the maximum spectral amplitude should
appear at a position Nbl in the frequency domain data.
However, when ultra low frequency noises exist, another
maximum spectral amplitude at a position Nb1' could exist
in the frequency domain data to lead to a misidentification.
Accordingly, the frequency conversion module 135 further
sends the frequency domain data to the categorization mod-
ule 131 to be compared with predetermined categorization
data therein. The categorization module 131 categorizes the
frequency domain data as one of a plurality of frequency
zones, e.g., an ultra low frequency zone or a low frequency
zone shown in FIG. 2B. In some embodiments, the catego-
rization module 131 separates two frequency zones by an
isolation frequency, wherein the isolation frequency is
selected from a frequency range between 0.15 Hz and 0.25
Hz, but not limited thereto. It is appreciated that when the
processing unit 13 separates more than two frequency zones,
the isolation frequencies are selected from more than two
frequency ranges.

[0034] In the present disclosure, the predetermined cat-
egorization data is previously built up by a machine learning
algorithm, wherein the machine learning algorithm is imple-
mented by, e.g., the neural network, support vector machine,
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random forest and so on without particular limitations. As
shown in FIG. 1, a machine learning algorithm unit 15
previously receives a plurality of ultra low frequency learn-
ing data Tdl and low frequency learning data Td2 for
learning so as to recognize data characteristics of different
frequency zones, wherein the ultra low frequency learning
data Td1 and the low frequency learning data Td2 are the
frequency domain data obtained from the categorized (e.g,,
categorized ultra low frequency data or categorized low
frequency data) PPG signal previously converted by the
frequency conversion module 135. It is appreciated that
when there are more frequency zones to be categorized (i.e.
not limited to the ultra low frequency zone or low frequency
zone), more types of the learning data (i.e. frequency domain
data) are required. It should be mentioned that although FIG.
1 shows that the machine learning algorithm unit 15 is
outside of the processing unit 13, e.g., in an external host or
an external computer system, the present disclosure is not
limited thereto. In other embodiments, the machine learning
algorithm unit 15 is included inside the processing unit 13.
[0035] Finally, the respiration calculation module 137
calculates a respiration rate Nb1 according to the frequency
domain data of the categorized frequency zone. For
example, the respiration calculation module 137 takes a
frequency corresponding to a maximum spectral amplitude
in the categorized frequency zone as a respiration frequency
(respiration rate). Referring to FIG. 2B, when the categori-
zation module 131 categorizes current frequency domain
data into the low frequency zone, the respiration calculation
module 137 takes a frequency corresponding to the maxi-
mum spectral amplitude Nb1 therein as a current respiration
rate, which is then outputted; when the categorization mod-
ule 131 categorizes current frequency data as the ultra low
frequency zone, the respiration calculation module 137 takes
a frequency corresponding to the maximum spectral ampli-
tude Nb1' therein as a current respiration rate, which is then
outputted.

[0036] 1In this embodiment, the processing unit 13 ignores
the frequency domain data outside the categorized frequency
zone. For example, when the frequency domain data is
categorized as the low frequency zone, the frequency
domain data in the ultra low frequency zone is ignored;
whereas, when the frequency domain data is categorized as
the ultra low frequency zone, the frequency domain data in
the low frequency zone is ignored. In addition, the operation
of embodiments having more frequency zones is similar. It
is possible to implement the ignoring as below.

[0037] In one embodiment, the frequency conversion
module 135 provides current frequency domain data to the
categorization module 131 to be compared with predeter-
mined categorization data therein and categorized. The
categorization module 131 informs the frequency conver-
sion module 135 of the categorized result to allow the
frequency conversion module 135 to provide the frequency
domain data only in the categorized frequency zone to the
respiration calculation module 137. Accordingly, the respi-
ration calculation module 137 will not process the frequency
domain data outside the categorized frequency zone.
[0038] In another embodiment, the frequency conversion
module 135 provides all current frequency domain data to
the respiration calculation module 137, and the categoriza-
tion module 131 provides categorization information to the
respiration calculation module 137. Accordingly, when a
current respiration rate obtained by the respiration calcula-
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tion module 137 is within a categorized frequency zone, the
current respiration rate is outputted; whereas, when the
current respiration rate obtained by the respiration calcula-
tion module 137 is not within the categorized frequency
zone, a frequency corresponding to a next maximum spec-
tral amplitude is calculated and confirmed with the catego-
rized frequency zone till a current respiration rate within the
categorized frequency zone is obtained and the current
respiration rate within the categorized frequency zone is
then outputted. Or the respiration calculation module 137
calculates the current respiration rate according to the fre-
quency domain data only within a categorized frequency
zone but ignores the frequency domain data outside the
categorized frequency zone.

[0039] Referring to FIG. 3, it is a flow chart of a respira-
tion rate detection method according to a first embodiment
of the present disclosure including the steps of: providing,
by a light source, light to illuminate a skin region (Step S31);
detecting, by an optical sensing unit, emergent light from the
skin region and outputting an intensity variation signal (Step
S32); converting the intensity variation signal to frequency
domain data (Step S33); categorizing the frequency domain
data according to predetermined categorization data (Step
S34); and calculating a respiration rate according to the
frequency domain data of a categorized frequency zone
(Step S35). The respiration rate detection method of this
embodiment is applicable, for example, to the respiration
rate detection device 100 of FIG. 1, and since details of
implementation have been illustrated above, details thereof
are not repeated herein.

[0040] By using the respiration rate detection device and
the respiration rate detection method of the first embodiment
of the present disclosure, the interference from noises out-
side the categorized frequency zone is removed thereby
improving the detection accuracy.

[0041] Referring to FIG. 4, it is a schematic block diagram
of a respiration rate detection device 200 according to a
second embodiment of the present disclosure. The respira-
tion rate detection device 200 determines a set of weightings
and a set of respiration rate calculation algorithms according
to a main frequency amplitude of a current PPG signal, takes
respiration rates obtained by different respiration rate cal-
culation algorithms as respiration rate components, and
combines the respiration rate components according to the
set of weightings to form an output respiration rate thereby
improving the detection accuracy. The respiration rate detec-
tion device 200 includes a light source 21, an optical sensing
unit 22 and a processing unit 23, wherein the light source 21
and the optical sensing unit 22 are similar to those of the first
embodiment and thus details thereof are not repeated herein.
[0042] In this embodiment, the processing unit 23 is also
selected from a digital signal processor (DSP), a microcon-
troller (MCU) or a central processing unit (CPU), and used
to receive an intensity variation signal outputted from the
optical sensing unit 12 and perform the post-processing. The
processing unit 23 converts the intensity variation signal into
frequency domain data, determines a set of weightings and
a set of respiration rate calculation algorithms according to
a signal to noise ratio (SNR) of the frequency domain data,
and calculates a respiration rate according to the set of
weightings and the set of respiration rate calculation algo-
rithms.

[0043] The processing unit 23 includes a PPG measure-
ment module 233, a frequency conversion module 235, a
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weighting determining module 236, a respiration calculation
module 237 and a plurality of respiration rate calculation
units 2311 to 231N, wherein the function of the PPG
measurement module 233 is similar to the PPG measure-
ment module 133 of the first embodiment and thus details
thereof are not repeated herein. The frequency conversion
module 235 converts the PPG signal (e.g., shown in FIG.
2A) outputted by the PPG measurement module 233 into
frequency domain data (e.g., shown in FIG. 2B). It should be
mentioned that although FIG. 4 shows functions performed
by the processing unit 23 as different functional blocks, it is
only intended to illustrate but not to limit the present
disclosure. The functions performed by the PPG measure-
ment module 233, the frequency conversion module 235, the
weighting determining module 236, the respiration calcula-
tion module 237 and the plurality of respiration rate calcu-
lation units 2311 to 231N are all considered to be executed
by the processing unit 23 and implemented by software,
hardware or a combination thereof without particular limi-
tations.

[0044] In the present disclosure, respiration rate calcula-
tion algorithms include, for example, directly performing the
Fourier spectrum analysis on the PPG signal, acquiring
respiration characteristics in the PPG signal (e.g. character-
istics of amplitude variation or frequency variation) and then
performing the Fourier spectrum analysis on the respiration
characteristics, the independent component analysis and the
adaptive noise filtering, without particular limitations. The
respiration rate calculation algorithms also include the self-
designed respiration rate calculation algorithm which cal-
culates a current respiration rate in time domain or fre-
quency domain. Any respiration rate calculation algorithms
are applicable to the respiration rate detection device 200 as
long as different respiration rate calculation algorithms
correspond to different signal features, e.g., the signal to
noise ratio or energy distribution, wherein said different
signal features are used to determine the weighting corre-
sponding to the associated respiration rate calculation algo-
rithm. For example, although a distortion is not obvious by
directly performing the Fourier spectrum analysis on the
PPG signal, the result is easily influenced by ultra low
frequency noises. Accordingly, when the respiration rate
component obtained by the Fourier spectrum analysis is
within an ultra low frequency zone, the weighting corre-
sponding to the Fourier spectrum analysis is reduced so as
to reduce the interference from noises within the ultra low
frequency zone.

[0045] In one embodiment, it is assumed that the above
four respiration rate calculation algorithms are used, and the
weighting corresponding to each respiration rate calculation
algorithm is assumed to be 1 at first. If a signal to noise ratio
of the obtained frequency domain data is lower than a first
threshold (e.g., thresholdl), it means that the noise is obvi-
ous such that the weighting corresponding to the adaptive
noise filtering is increased (e.g., increasing the weighting by
1). If the signal to noise ratio of the obtained frequency
domain data is higher than a second threshold (e.g., thresh-
old2), it means that the noise is not obvious such that the
weighting corresponding to directly performing the Fourier
spectrum analysis on the PPG signal is increased (e.g.,
increasing the weighting by 1). If a sum of spectral ampli-
tudes of ultra low frequency signals (or a ratio of the sum of
spectral amplitudes of ultra low frequency signals with
respect to a sum of spectral amplitudes of low frequency
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signals) is higher than a third threshold (e.g., threshold3), it
means that the respiration characteristics in the PPG signal
are easily interfered by ultra low frequency noises such that
the weighting corresponding to acquiring respiration char-
acteristics in the PPG signal and then performing the Fourier
spectrum analysis on the respiration characteristics is
decreased (e.g., decreasing the weighting by 1) and/or the
weighting corresponding to the independent component
analysis is increased (e.g., increasing the weighting by 1). If
a sum of spectral amplitudes of ultra low frequency signals
(or a ratio of the sum of spectral amplitudes of ultra low
frequency signals with respect to a sum of spectral ampli-
tudes of low frequency signals) is lower than a fourth
threshold (e.g., thresholdd), the weighting corresponding to
acquiring respiration characteristics in the PPG signal and
then performing the Fourier spectrum analysis on the res-
piration characteristics is increased (e.g., increasing the
weighting by 1).

[0046] Next, referring to FIGS. 2B, 4-5, FIG. 5 is a
schematic diagram of a look-up table of a respiration rate
detection device according a second embodiment of the
present disclosure.

[0047] The weighting determining module 236 determines
a set of weightings and a set of respiration rate calculation
algorithms according to a signal to noise ratio (SNR) of the
frequency domain data. In some embodiments, the signal to
noise ratio is a ratio of a maximum spectral amplitude with
respect to a sum of other spectral amplitudes in the fre-
quency domain data. For example in FIG. 2B, the signal to
noise ratio is a ratio of a spectral amplitude at Nb1' with
respect to a sum of other spectral amplitudes. Accordingly,
after the weighting determining module 236 obtains a signal
to noise ratio, the signal to noise ratio is compared with a
look-up table as shown in FIG. 5, wherein the relationship
of a plurality of signal to noise ratios with respect to a
plurality of weightings is previously built up to form the
look-up table. In other words, the processing unit 23 is built
in a plurality of respiration rate calculation algorithms (e.g.,
2311 to 231N), and the selected set of respiration rate
calculation algorithms includes at least one of the stored
respiration rate calculation algorithms, and each signal to
noise ratio (e.g., SNR, to SNR,,) corresponds to a set of
weightings and an associated set of respiration rate calcu-
lation algorithms. It should be mentioned that although FIG.
5 shows the relationship of a plurality of signal to noise
ratios with respect to a plurality of weightings, it is only
intended to illustrate but not to limit the present disclosure.
In some embodiments, the look-up table stores the relation-
ship of a plurality of signal to noise ratio ranges with respect
to a plurality of weightings. In other embodiments, the
look-up table stores the relationship of a plurality of signal
to noise ratios (or signal to noise ratio ranges) and frequency
zones with respect to a plurality of weightings. In the present
disclosure, the weighting may be between 0 and 1. In other
words, when the weighting corresponding to one respiration
rate calculation algorithm is 0, it means that the respiration
rate calculation algorithm is not used. In other embodiments,
the look-up table stores the relationship of a plurality of
energy distributions (e.g., a sum of spectral amplitudes of
ultra low frequency signals, a ratio of a sum of spectral
amplitudes of ultra low frequency signals with respect to a
sum of spectral amplitudes of low frequency signals) with
respect to a plurality of weightings.
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[0048] Finally, the respiration calculation module 237
calculates a respiration rate Nb2 according to the selected set
of weightings and the selected set of respiration rate calcu-
lation algorithms. In one embodiment, each algorithm of the
selected set of respiration rate calculation algorithms respec-
tively calculates a respiration rate component R, R, .. . Ry,
according to the intensity variation signal. For example, the
respiration rate Nb2 is a sum of products of each of the
selected set of weightings W, W, . . . W, and each of the
respiration rate component R, R, . . . R, obtained by the
associated respiration rate calculation algorithm, i.e.
Nb2=R xW +R,xW,+. .. +R\xW,, wherein at least one of
R, R, ... Ry is not zero. In other words, according to
actually acquired frequency domain data, it is possible that
the respiration calculation module 237 calculates a current
respiration rate according to one respiration rate calculation
algorithm, and in this case the weighting corresponding to
the one respiration rate calculation algorithm is set to 1 and
the weightings corresponding to other respiration rate cal-
culation algorithms are set to zero. That is, the above
respiration rate components are the respiration rates
obtained by every respiration rate calculation algorithm, and
when a set of respiration rate calculation algorithms includes
more than one respiration rate calculation algorithms, the
respiration rate obtained by each of the more than one
respiration rate calculation algorithms is not directly used as
an output respiration rate and referred as a respiration rate
component herein. When a set of respiration rate calculation
algorithms includes one respiration rate calculation algo-
rithm, the respiration rate component obtained by the one
respiration rate calculation algorithm is used as an output
respiration rate.

[0049] Referring to FIG. 6, it is a flow chart of a respira-
tion rate detection method according to a second embodi-
ment of the present disclosure including the steps of: pro-
viding, by a light source, light to illuminate a skin region
(Step S61); detecting, by an optical sensing unit, emergent
light from the skin region and outputting an intensity varia-
tion signal (Step S62); converting the intensity variation
signal to frequency domain data (Step S63); calculating a
signal to noise ratio of the frequency domain data (Step
S64); determining a set of weightings and a set of respiration
rate calculation algorithms according to the signal to noise
ratio (Step S65); and calculating a respiration rate according
to the set of weightings and the set of respiration rate
calculation algorithms (Step S66). The respiration rate
detection method of this embodiment is applicable to the
respiration rate detection device 200 of FIG. 4.

[0050] Referring to FIGS. 2A-2B and 4-6, details of this
embodiment are illustrated hereinafter.

[0051] Step S61: The light source 21 emits light of a
predetermined optical spectrum to illuminate a skin region
SR. As described in the first embodiment. corresponding to
different applications, it is possible that the respiration rate
detection device 200 includes more than one light source.
[0052] Step S62: The optical sensing unit 22 detects
emergent light from the skin region SR and outputs an
intensity variation signal. As described in the first embodi-
ment, the optical sensing unit 22 is a light emitting diode or
an image sensor having a pixel array.

[0053] Step S63: As described in the first embodiment, the
PPG measurement module 233 continuously acquires the
intensity variation signal within a time interval (e.g., 5 to 10
seconds) to be used as the PPG signal, wherein according to
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different embodiments of the optical sensing unit 22, the
intensity variation signal is the intensity signals or a sum of
intensity signals within a time interval. The frequency
conversion module 235 converts the intensity variation
signal (or the PPG signal) into frequency domain data.
[0054] Step S64: The weighting determining unit 236
calculates a signal to noise ratio of the frequency domain
data at first. For example, the weighting determining unit
236 determines a main frequency, e.g., Nb1' shown in FIG.
2B having a maximum spectral amplitude and taken as the
main frequency, in the frequency domain data at first. Then,
the weighting determining unit 236 calculates a ratio of a
spectral amplitude of the main frequency with respect to a
sum of other spectral amplitudes in the frequency domain
data to be used as the signal to noise ratio herein.

[0055] Step S65: Then, the weighting determining unit
236 compares the signal to noise ratio with a look-up table
(as shown in FIG. 5) to determine a set of weightings and a
set of respiration rate calculation algorithms. As mentioned
above, the look-up table previously stores the relationship of
a plurality of signal to noise ratios (or a plurality of signal
to noise ranges) with respect to a plurality of weightings,
e.g., storing in a memory of the processing unit 23. Accord-
ingly, when the weighting determining unit 236 obtains a
signal to noise ratio, a set of weightings and a set of
respiration rate calculation algorithms are determined cor-
respondingly.

[0056] After the set of respiration rate calculation algo-
rithms is determined, each algorithm of the determined set
of respiration rate calculation algorithms respectively cal-
culates a respiration rate component R, R, .. . R, according
to the intensity variation signal (or the PPG signal). It is
appreciated that the respiration rate calculation algorithm
not included in the selected set of respiration rate calculation
algorithms does not operate so as to reduce the system
resources.

[0057] Step S66: Finally, the respiration calculation mod-
ule 237 calculates a sum of products of each of the set of
weightings W,, W, . .. W, and each of the respiration rate
components R, R, ... R, obtained by the set of respiration
rate calculation algorithms corresponding to the set of
weightings, e.g., Nb2=R xW +R,xW,+ . . . +R,xW,, and
the sum of products Nb2 is then outputted.

[0058] In the present disclosure, the respiration rate Nbl
or Nb2 outputted by the processing unit 13 or 23 is appli-
cable to different applications, e.g., being displayed, being
compared with at least one threshold, being recorded and so
on without particular limitations.

[0059] In some embodiments, the respiration rate detec-
tion methods in the above first and second embodiments are
combinable to further improve the detection accuracy. For
example, the first embodiment is initially used to remove the
frequency domain data in some frequency zones, and then
the second embodiment is used to calculate the frequency
domain data being left (e.g., the frequency domain data in
the ultra low frequency zone or in the low frequency zone
shown in FIG. 2B). Details of the two embodiments are
illustrated above, and thus details thereof are not repeated
herein.

[0060] It should be mentioned that although FIGS. 1 and
4 show that the light sources 11 and 21 and the optical
sensing units 12 and 22 are located at a same side of a skin
region SR to form a reflective detection device, it is only
intended to illustrate but not to limit the present disclosure.
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In other embodiments, the light source and the optical
sensing unit are located at opposite sides of the skin region
to form a transmissive detection device.

[0061] As mentioned above, the PPG signal sometimes
includes ultra low frequency noises to degrade the detection
accuracy. Accordingly, the present disclosure further pro-
vides a respiration rate detection device that utilizes the
detection result of an acceleration sensor to confirm a
respiration rate.

[0062] Referring to FIG. 7, it a schematic block diagram
of a respiration rate detection device 700 according to a third
embodiment of the present disclosure including an accel-
eration sensing unit 71, an optical sensing unit 72 and a
processing unit 73 electrically coupled to the two sensing
units. The respiration rate detection device 700 further
includes a light source as mentioned above, and thus details
thereof are not repeated herein.

[0063] The respiration rate obtained by the respiration rate
detection device 700 is transmitted to a display 75 via a
wired or wireless communication interface (not shown in
FIG. 7) to be shown thereon using numbers or graphs. The
display 75 is included in or separated from the respiration
rate detection device 700.

[0064] The optical sensing unit 72 of this embodiment is
identical to the optical sensing unit 12 shown in FIG. 1 and
also used to output an intensity variation signal (or referred
to PPG signal). The optical sensing unit 72 is a photodiode
or a CMOS image sensor as mentioned above, and thus
details thereof are not repeated herein.

[0065] The acceleration sensing unit 71 is, for example, a
MEMS acceleration sensor, a G-sensor or the like, and is
used to output an acceleration signal ACC. The acceleration
sensing unit 71 is preferably arranged close to or adjacent to
the optical sensing unit 72 and operates simultaneously with
the optical sensing unit 72. More specifically, within a
detection time-interval, the optical sensing unit 72 outputs a
time-varied intensity variation signal PPG and the accelera-
tion sensing unit 71 outputs a time-varied acceleration signal
ACC to the processing unit 73 for the post-processing, e.g.,
filtering, comparing and calculation.

[0066] Similar to the processing unit 13, the processing
unit 73 is also an ASIC or a DSP that performs the calcu-
lation using a hardware and/or software. The processing umt
73 also includes a PPG frequency conversion module 732
(operating similar to 135) used to convert the intensity
variation signal PPG to a first frequency domain data, e.g,,
the PPG spectrum S, shown in FIG. 8. The processing
unit 73 further includes an acceleration (ACC) frequency
conversion module 731 used to convert the acceleration
signal ACC to a second frequency domain data, e.g., the
ACC spectrum S~ shown in FIG. 8.

[0067] FIG. 8 is an operational schematic diagram of a
respiration rate detection device 700 according to a third
embodiment of the present disclosure. The processing unit
73 further includes a respiration calculation circuit 733 used
to confirm a correct respiration rate and eliminate noises
according to the first frequency domain data S,, and the
second frequency domain data S, It is appreciated that
although FIG. 7 shows three separated blocks, operations of
these three separated blocks are all considered executed by
the processing unit 73.

[0068] In one aspect, the processing unit 73 is used to
determine a frequency range according to a second peak
frequency (e.g., a frequency corresponding to Nal shown in
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FIG. 8) in the second frequency domain data S, and
calculate a respiration rate according to a first peak fre-
quency (e.g., a frequency corresponding to Nb1 shown in
FIG. 8) within the determined frequency range of the first
frequency domain data S,,. As noises in the PPG signal
contain a double frequency and a half frequency of the
respiration rate, the frequency range is preferably set as a
range of 0.1 Hz taking the second peak frequency Nal as a
center thereof. If the respiration rate of a user changes, the
second peak frequency and the corresponding frequency
range are also changed.

[0069] In another aspect, the processing unit 73 is used to
calculate a second peak value (e.g., Nal) within a predeter-
mined frequency range of the second frequency domain data
S,cc» and determine a first peak frequency of a first peak
value (e.g., Nbl) in the first frequency domain data Spp;
corresponding to the second peak value Nal. Finally, the
processing unit 73 calculates a respiration rate according to
the first peak frequency.

[0070] As mentioned above, as the respiration rate is
within a predetermined range. the predetermined frequency
range is preferably set between 0.1 Hz and 0.5 Hz, or set
adaptably corresponding to different users manually or auto-
matically.

[0071] In this aspect, the first peak value Nb1 correspond-
ing to the second peak value Nal is, for example, referred to
that (i) the two peaks Nal and Nbl have a frequency
difference Af smaller than 0.05 Hz, (ii) the overlapping of a
full-width at half maximum (FWHM) of a spectrum shape of
the second peak with that of the first peak is larger than a
predetermined threshold or a predetermined ratio, or (iii)
select one of multiple peak values in the first frequency
domain data S, closest to the second peak value Nal, e.g.,
Nb1 instead of Nb'".

[0072] In another aspect, the processing unit 73 is used to
determine a denoising range according to a second peak
frequency (e.g., the frequency corresponding to Nal) in the
second frequency domain data S .., and remove the first
frequency domain data of the first frequency domain data
Sprg Within the determined denoising range. Finally, the
processing unit 73 takes a first peak frequency in the
remained (i.e. out of the denoising range) first frequency
domain data as a respiration rate.

[0073] As mentioned above, some noises in the first fre-
quency domain data S, come from a double frequency
and a half frequency of the respiration rate. Accordingly, the
denoising range is preferably set as a frequency range
outside 0.05 Hz from the second peak frequency, e.g., 0.1 Hz
to (Nal-0.05 Hz) and (Na1+0.05 Hz) to 0.5 Hz. The second
peak frequency Nal is arranged as a center of the denoising
range. For example, the processing unit 73 removes the first
frequency domain data within the denoising range from a
memory or a buffer. In the case that the remained first
frequency domain data does not have a peak value, the
processor 37 increases the denoising range (e.g., from 0.05
Hz to 0.1 Hz each side) in a next intensity variation signal
PPG to keep more first frequency domain data.

[0074] To further reduce the memory space and increase
the processing speed, within a predetermined time interval
after the denoising ranged is determined, the processing unit
73 further performs a discrete Fourier transform (DFT) on
the intensity variation signal PPG within a remained (out of
the denoising range) frequency range without converting the
data using the indices within the denoising range.
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[0075] When using the respiration rate detection device
700 of the third embodiment to measure a respiration rate,
the user is preferably in a steady status to obtain a clear
second frequency domain data S ... In addition, to elimi-
nate the noises caused by slight motion (e.g. finger move-
ment) of the user during measurement, the processing unit
73 is further used to ignore acceleration data in the accel-
eration signal ACC associated with an acceleration value or
a slope of acceleration variation (in the time domain) larger
than a predetermined threshold, the acceleration value is too
high or the slope is too large. This is because that the
acceleration, which is caused by the user’s breathing, mea-
sured by the acceleration sensing unit 71 generally have
smoothing acceleration values instead of abruptly changed
values.

[0076] Inthe third embodiment, if the acceleration sensing
unit 71 does not detect a clear acceleration peak, e.g., the
second frequency domain data S, not containing any
second peak value larger than an amplitude threshold TH,
the second frequency domain data S .. containing more
than one peak larger than an amplitude threshold TH or the
SNR thereof being too high, the processing unit 73 calcu-
lates the respiration rate according to the method in the first
embodiment or the second embodiment. For example, the
processing unit 73 categorizes the first frequency domain
data S, as one of a plurality of frequency zones according
to predetermined categorization data, and calculates a res-
piration rate using the first frequency domain data S,.;
within the categorized frequency zone. Or, the processing
unit 73 determines a set of weightings associated with a set
of respiration rate calculation algorithms according to a sum
of spectral amplitudes of the first frequency domain data
Spre lower than a predetermined frequency (e.g., 0.25 Hz,
but not limited to), and calculates a respiration rate accord-
ing to the set of weightings and the set of respiration rate
calculation algorithms. Details thereof have been illustrated
above, and thus are not repeated herein.

[0077] Furthermore, since the respiration rate generally
does not exceed a rage between 0.1 Hz and 0.5 Hz, the
processing unit 37 further firstly filters the first frequency
domain data S,,; and the second frequency domain data
S, cc using a digital filter having a pass band between 0.1 Hz
and 0.5 Hz after obtaining the first frequency domain data
Spre and the second frequency domain data S, .-, and then
calculates the respiration rate using the above methods so as
to improve the accuracy.

[0078] In the present disclosure, the peak value is referred
to maximum spectral amplitude within the concerned fre-
quency spectrum.

[0079] As mentioned above, the calculation of a respira-
tion rate using PPG signals can be influenced by ultra low
frequency noises to degrade the detection accuracy. There-
fore, the present disclosure further provides a respiration rate
detection device (FIGS. 1 and 4) and a respiration rate
detection method (FIGS. 3 and 6) that improve the detection
accuracy by the previous categorization or combining cal-
culation results of different algorithms.

[0080] Although the disclosure has been explained in
relation to its preferred embodiment, it is not used to limit
the disclosure. It is to be understood that many other
possible modifications and variations can be made by those
skilled in the art without departing from the spirit and scope
of the disclosure as hereinafter claimed.



US 2019/0261890 A1

What is claimed is:

1. A respiration rate detection device, comprising:

an optical sensing unit configured to output an intensity

variation signal;

an acceleration sensing unit configured to output an

acceleration signal; and

a processing unit configured to

convert the intensity variation signal to a first frequency
domain data and convert the acceleration signal to a
second frequency domain data,

determine a frequency range according to a second
peak frequency in the second frequency domain data,
and

calculate a respiration rate according to a first peak
frequency within the frequency range of the first
frequency domain data.

2. The respiration rate detection device as claimed in
claim 1, wherein the frequency range is a range of 0.1 Hz
taking the second peak frequency as a center thereof.

3. The respiration rate detection device as claimed in
claim 1, wherein the processing unit is further configured to
ignore acceleration data in the acceleration signal associated
with an acceleration value or a slope of acceleration varia-
tion larger than a predetermined threshold.

4. The respiration rate detection device as claimed in
claim 1, wherein

the optical sensing unit is a photodiode or a CMOS image

sensor; and

the acceleration sensing unit is a MEMS acceleration

sensor.

5. The respiration rate detection device as claimed in
claim 1, wherein the processing unit is further configured to
filter the first frequency domain data and the second fre-
quency data with a filter having a pass band between 0.1 HZ
and 0.5 HZ.

6. The respiration rate detection device as claimed in
claim 1, wherein when the second frequency domain data
does not contain any second peak value larger than a
frequency threshold, the processing unit is further config-
ured to

categorize the first frequency domain data as one of a

plurality of frequency zones according to predeter-
mined categorization data, and

calculate the respiration rate using the first frequency

domain data within the categorized frequency zone.
7. The respiration rate detection device as claimed in
claim 1, wherein when the second frequency domain data
does not contain any second peak value larger than a
frequency threshold, the processing unit is further config-
ured to
determine a set of weightings associated with a set of
respiration rate calculation algorithms according to a
sum of spectral amplitudes of the first frequency
domain data lower than a predetermined frequency, and

calculate the respiration rate according to the set of
weightings and the set of respiration rate calculation
algorithms.

8. A respiration rate detection device, comprising:

an optical sensing unit configured to output an intensity

variation signal,

an acceleration sensing unit configured to output an

acceleration signal; and
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a processing unit configured to

convert the intensity variation signal to a first frequency
domain data and convert the acceleration signal to a
second frequency domain data,

calculate a second peak value within a predetermined
frequency range of the second frequency domain
data,

determine a first peak frequency of a first peak value in
the first frequency domain data corresponding to the
second peak value, and

calculate a respiration rate according to the first peak
frequency.

9. The respiration rate detection device as claimed in
claim 8, wherein the predetermined frequency range is
between 0.1 Hz and 0.5 Hz.

10. The respiration rate detection device as claimed in
claim 8, wherein the processing unit is further configured to
ignore acceleration data in the acceleration signal associated
with an acceleration value or a slope of acceleration varia-
tion larger than a predetermined threshold.

11. The respiration rate detection device in claim 8§,
wherein the corresponding is referred to that overlapping of
a full-width at half maximum of a spectrum shape of the
second peak value with that of the first peak value is larger
than a predetermined threshold.

12. The respiration rate detection device as claimed in
claim 8, wherein when the second frequency domain data
does not contain any second peak value larger than a
frequency threshold, the processing unit is further config-
ured to

categorize the first frequency domain data as one of a

plurality of frequency zones according to predeter-
mined categorization data, and

calculate the respiration rate using the first frequency

domain data within the categorized frequency zone.
13. The respiration rate detection device as claimed in
claim 8, wherein when the second frequency domain data
does not contain any second peak value larger than a
frequency threshold, the processing unit is further config-
ured to
determine a set of weightings associated with a set of
respiration rate calculation algorithms according to a
sum of spectral amplitudes of the first frequency
domain data lower than a predetermined frequency, and

calculate the respiration rate according to the set of
weightings and the set of respiration rate calculation
algorithms.

14. A respiration rate detection device, comprising:

an optical sensing unit configured to output an intensity

variation signal;

an acceleration sensing unit configured to output an

acceleration signal; and

a processing unit configured to

convert the intensity variation signal to a first frequency
domain data and convert the acceleration signal to a
second frequency domain data,

determine a denoising range according to a second peak
frequency in the second frequency domain data,

remove the first frequency domain data of the first
frequency domain data within the denoising range,
and

take a first peak frequency in the remained first fre-
quency domain data as a respiration rate.
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15. The respiration rate detection device as claimed in
claim 14, wherein the denoising range is a frequency range
outside 0.05 Hz from the second peak frequency, which is
taken as a center of the denoising range.

16. The respiration rate detection device as claimed in
claim 14, wherein the processing unit is further configured
to ignore acceleration data in the acceleration signal asso-
ciated with an acceleration value or a slope of acceleration
variation larger than a predetermined threshold.

17. The respiration rate detection device as claimed in
claim 14, wherein within a predetermined time interval after
the denoising ranged is determined, the processing unit is
further configured to perform a discrete Fourier transform on
the acceleration signal within a remained frequency range.

18. The respiration rate detection device as claimed in
claim 14, wherein the processing unit further configured to
filter the first frequency domain data and the second fre-
quency data with a filter having a pass band between 0.1 HZ
and 0.5 HZ.

19. The respiration rate detection device as claimed in
claim 14, wherein when the second frequency domain data
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does not contain any second peak value larger than a
frequency threshold, the processing unit is further config-
ured to
categorize the first frequency domain data as one of a
plurality of frequency zones according to predeter-
mined categorization data, and
calculate the respiration rate using the first frequency
domain data within the categorized frequency zone.
20. The respiration rate detection device as claimed in
claim 14, wherein when the second frequency domain data
does not contain any second peak value larger than a
frequency threshold, the processing unit is further config-
ured to
determine a set of weightings associated with a set of
respiration rate calculation algorithms according to a
sum of spectral amplitudes of the first frequency
domain data lower than a predetermined frequency, and
calculate the respiration rate according to the set of
weightings and the set of respiration rate calculation
algorithms.
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