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MICROCIRCULATION DETECTION
SYSTEM AND METHOD

Related Applications

[0001] The present application is a continuation-in-part
application of U.S. application Ser. No. 15/996,652, filed
Jun. 4, 2018, which claims the priority benefit of U.S.
Provisional Application Ser. No. 62/587,114, filed on Nov.
16, 2017, and is a continuation-in-part application of U.S.
application Ser. No. 14/955,463, filed Dec. 1, 2015, which is
based on and claims priority to Taiwan Patent Application
Serial Number 104103138, filed Jan. 29, 2015 and Taiwan
Patent Application Serial Number 104116752, filed May 25,
2015, the disclosures of which are hereby incorporated by
reference herein in their entirety.

BACKGROUND

1. Field of the Disclosure

[0002] This disclosure generally relates to the microcir-
culation detection and, more particularly, to a microcircu-
lation detection system and method that detect a change of
the microcirculation with the increasing of a skin surface
temperature.

2. Description of the Related Art

[0003] Nowadays, portable electronic devices and wear-
able electronic devices have become the daily necessities to
many people. As the lifestyle changes, their functions have
also been constantly developed and improved.

[0004] At the same time, health has become an important
issue among people. Therefore, the portable electronic
devices and the wearable electronic devices have also been
gradually provided with physiological detection functions to
meet the requirements of the users.

SUMMARY

[0005] 1In light of this, the present disclosure provides an
array physiological detection system capable of detecting
and recording at least three dimensions of physiological
characteristics of the user, as well as an operating method
thereof.

[0006] The present disclosure provides an array physi-
ological detection system which generates a 3D distribution
of the physiological characteristics via a plurality of sensing
pixels respectively detecting the physiological characteris-
tics of different tissue areas, as well as an operating method
thereof.

[0007] The present disclosure, provides a microcirculation
detection system including a light source, a heating device,
a photosensitive array and a processing unit. The light
source is configured to irradiate light to illuminate a skin
area. The heating device is configured to heat the skin area.
The photosensitive array is configured to detect outgoing
light from the skin area and output a plurality of PPG
signals. The processing unit is configured to convert the
plurality of PPG signals to an array energy distribution,
identify an arc-like pattern in the array energy distribution,
and calculate a frequency variation of an oscillation of the
arc-like pattern within a heating period.

[0008] The present disclosure further provides a microcir-
culation detection system including a light source, a heating
device, a timer, a photosensitive array and a processing unit.
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The light source is configured to irradiate light to illuminate
a skin area. The heating device is configured to heat the skin
area. The timer is configured to count a heating period of the
heating device. The photosensitive array is configured to
detect outgoing light from the skin area and output a
plurality of PPG signals. The processing unit is configured
to convert the plurality of PPG signals to an array energy
distribution, identify a first arc-like pattern in the array
energy distribution at a first time point and a second arc-like
pattern in the array energy distribution at a second time
point, and identify whether a frequency variation of an
oscillation frequency of oscillating between the first arc-like
pattern and second arc-like pattern has a peak respectively
within a first time interval and a second time interval of the
heating period.

[0009] The present disclosure further provides a detection
method of a microcirculation detection system that includes
a light source, a heating device, a photosensitive array and
a processing unit. The detection method includes the steps
of: lighting a skin area by the light source; heating the skin
area by the heating device; detecting, by the photosensitive
array, outgoing light from the skin area and outputting a
plurality of PPG signals; converting, by the processing unit,
the plurality of PPG signals to an array energy distribution;
and recognizing, by the processing unit, a frequency varia-
tion of an energy fluctuation, within a heating period, at a
predetermined position in the array energy distribution, and
recognizing two peaks of the frequency variation in two
predetermined intervals within the heating period.

[0010] In the array physiological detection system and an
operating method of said system, a 4D physiological detec-
tion system can be further generated by creating a 3D energy
variation representative of a change of a 3D energy distri-
bution of the physiological characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] 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.

[0012] FIG. 1 is a flowchart for detecting a vascular
dilation and constriction information in a superficial micro-
circulation, as performed by an array physiological detection
system according to an embodiment of the present disclo-
sure.

[0013] FIG. 2A shows an image frame and a window of
interest (WOI) of the image frame as retrieved by the array
physiological detection system of an embodiment of the
present disclosure.

[0014] FIG. 2B shows a brightness variation of a plurality
of image frames as retrieved by the array physiological
detection system of an embodiment of the present disclo-
sure.

[0015] FIG. 2C is a spectrum of a plurality of signals
indicative of the vascular dilation and constriction states in
the superficial microcirculation, as detected by the array
physiological detection system of an embodiment of the
present disclosure.

[0016] FIG. 2D is an energy distribution diagram of a
plurality of pixel areas under a current heartheat frequency,
as detected by the array physiological detection system of art
embodiment of the present disclosure.
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[0017] FIG. 3A s a change of a variation value detected by
an array physiological detection system of an embodiment
of the present disclosure.

[0018] FIG. 3B is a change of an average value detected
by an array physiological detection system of an embodi-
ment of the present disclosure.

[0019] FIG. 4 is a systemic diagram of the array physi-
ological detection system of an embodiment of the present
disclosure.

[0020] FIG. 5 is a flowchart of an operating method of the
array physiological detection system of an embodiment of
the present disclosure.

[0021] FIGS. 6A and 6B are schematic diagrams of a 3D
energy distribution associated with light of 525 nm.
[0022] FIGS. 7A and 7B are schematic diagrams of a 3D
energy distribution associated with light of 880 nm.

[0023] FIG. 8 is a schematic diagram of a photosensitive
detection device according to another embodiment of the
present disclosure.

[0024] FIG. 9 is a block diagram of a photosensitive
detection system according to an alternative embodiment of
the present disclosure.

[0025] FIG. 10A is a block diagram of a microcirculation
detection system according to one embodiment of the pres-
ent disclosure.

[0026] FIG. 10B is an operational schematic diagram of a
microcirculation detection system according to one embodi-
ment of the present disclosure.

[0027] FIG. 11 is a schematic diagram of temperature
heating of a microcirculation detection system according to
one embodiment of the present disclosure.

[0028] FIG. 12 is a schematic diagram of frequency varia-
tions detected by a microcirculation detection system
according to one embodiment of the present disclosure.
[0029] FIG. 13 is a flow chart of a detection method of a
microcirculation detection system according to one embodi-
ment of the present disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0030] Itshouldbe noted that, wherever possible, the same
reference numbers will be used throughout the drawings to
refer to the same or like parts.

[0031] FIG. 1 shows a flowchart for detecting the dilation
and constriction condition of the blood vessels in a super-
ficial microcirculation, as performed by an array physiologi-
cal detection system according to an embodiment of the
present disclosure. The array physiological detection system
detects a 3D energy distribution of a given skin area via the
surface of the skin area of a user body part, so as to represent
the vascular dilation and constriction condition in the super-
ficial microcirculation. As such, the user will be able to
monitor the health condition by himself/herself. In addition,
the array physiological detection system according to the
embodiment of the present disclosure may be arranged in a
portable electronic device or a wearable electronic device to
construct a portable physiological detection device. There-
fore, a long-term self-supervision mechanism on the health
condition is available and suitable for the user. For example,
during a long period of time, the portable physiological
detection device may monitor a 3D energy variation which
is a change of the 3D energy distribution over time (i.e. the
variation of the microcirculation information over time).
Accordingly, the monitored results of the present array
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physiological detection system can be combined with the
examination results of a short-term physical examination of
amedical institution to provide highly reliable physiological
information.

[0032] First, the array physiological detection system
retrieves a plurality of signals outputted by a plurality of
pixels. Each signal represents a vascular dilation and con-
striction state in the superficial microcirculation. The signals
are photoplethysmography (PPG) signals as shown in the
step 101. In order to obtain the plurality of signals indicative
of the vascular dilation and constriction state in the super-
ficial microcirculation, the array physiological detection
system needs to obtain the vascular dilation and constriction
information in the dermis and uses the information as a
microcirculation data. This can be achieved via, for
example, an optical detection mechanism where a proper
wavelength of light is used such that the light is able to
penetrate the epidermis but will not penetrate the dermis
when the light is irradiated on the skin. Then, a photosen-
sitive array is used to detect the plurality of signals indica-
tive of the vascular dilation and constriction states in the
microcirculation of the skin area. The photosensitive array
includes a plurality of photosensitive pixels. Each photo-
sensitive pixel is capable of generating a signal indicative of
a vascular dilation and constriction state in the superficial
microcirculation. Thus, various statistic values can be
obtained for further application.

[0033] For instance, the light having a wavelength of 525
nm can be used and the skin penetration depth is smaller
than 1 mm. However, different wavelengths of lights can be
used for different body parts when detecting the vascular
changes in the superficial microcirculation of the dermis.
Since the dermis has a depth of about 1 to 3 mm, the
wavelength of the light should be properly selected such that
the skin penetration depth is not larger than 3 mm, such as
300 to 900 nm.

[0034] Next, the array physiological detection system gen-
erates a 3D energy distribution based on the plurality of
signals indicative of the vascular dilation and constriction
state in the superficial microcirculation, as shown in the step
102. The 3D energy distribution refers to a spectral energy
distribution. In the step, since the energies of the signals
detected by the photosensitive pixels contain various fre-
quencies, a certain frequency can be selected from the
various frequencies for further analysis. In an embodiment,
the current heartbeat frequency can be calculated from the
plurality of signals indicative of the vascular dilation and
constriction state in the superficial microcirculation. Then,
for a magnitude signal detected by each of the plurality of
photosensitive pixels, it can calculate a magnitude variation
of the magnitude signal under the heartbeat frequency in
order to represent the vascular dilation and constriction state
in the superficial microcirculation.

[0035] The blood vessels in the superficial microcircula-
tion dilate and constrict as the heart beats. Therefore, for a
given photosensitive pixel having a signal, the magnitude of
the signal varies more distinctly under the heartbeat fre-
quency or a multiple of the heartbeat frequency than other
frequencies other than the heartbeat frequency or the mul-
tiple of the heartbeat frequency.

[0036] Next, as shown in the step 103, the physiological
condition can be determined according to one or more
characteristic parameters of the energy distribution, such as
the magnitude variation, an average value, the heartbeat
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frequency . . . etc. Tt will be described later in the specifi-
cation on how the physiological characteristics are detet-
mined based on the characteristic parameters.

[0037] In the following, as shown in the step 104, a
physiological warning message can be provided to the user.
Accordingly, the user is able to adjust his/his daily schedule
and activities.

[0038] FIGS. 2A to 2D show a process for detecting the
vascular dilation and constriction states in the superficial
microcirculation according to the array physiological detec-
tion system of the embodiment of the present disclosure. As
an example of an optical physiological detection system,
FIG. 2A shows a retrieved image frame and a retrieved
window of interest (WOI) of the image frame. The size and
location of the WOI are adjustable. FIG. 2B shows a
brightness variation of a plurality of image frames or the
WOIs of the image frames during a period of time, such as
6 seconds, for example. The brightness variation represents
the vascular dilation and constriction state in the superficial
microcirculation. FIG. 2C shows a spectrum of the plurality
of signals indicative of the vascular dilation and constriction
state in the superficial microcirculation. The spectrum is
obtained by converting the brightness variation of FIG. 2B
(namely, the plurality of signals indicative of the vascular
dilation and constriction state in the superficial microcircu-
lation) into the frequency domain. The spectrum also shows
a current heartbeat frequency. FIG. 2D shows an energy
distribution array consisting of a plurality of energy values
of a plurality of pixel areas. Namely, the energy distribution
array shows a magnitude distribution of the plurality of pixel
areas. In FIG. 2D, the height of each bar represents an
individual spectral energy under the current heartbeat fre-
quency. It can be observed from FIG. 2D that the detected
results (energy values) vary from pixel to pixel, which
exhibits a change in the physiological characteristics (such
as the distribution or functioning of the capillaries in the
dermis), as described later. It should be mentioned that the
amplitude of one pixel shown in FIG. 2D is an energy value
of one pixel or an average energy value of multiple pixels.
[0039] The present disclosure can determine a state of
motion according to different microcirculation states. For
example, there are four microcirculation states, namely (I)
pre-exercise state, (II) warm up completion state, (III)
in-exercise state; and(TV) post-exercise cooling state.
[0040] With reference made to FIGS. 3A and 3B. FIG. 3A
is a change of the variation value detected by the array
physiological detection system of the embodiment of the
present disclosure. FIG. 3B is a change of the average value
detected by the array physiological detection system of the
embodiment of the present disclosure.

[0041] When the user is in the pre-exercise state (1), the
magnitude variation (A) of the magnitude signal is not large,
but the average value (B) of the magnitude signal is large.
[0042] When the user is in the warm up completion state
(1I), the magnitude variation (A) of the magnitude signal
gradually increases, but the average value (B) starts to
decrease. When the average value (B) of the magnitude
signal is smaller than a warm up average threshold (such as
TH,,), it indicates that the warm up is completed. Alterna-
tively, if the average value (B) of the magnitude signal is
smaller than the warm up average threshold (such as TH,,,)
and the magnitude variation (A) of the magnitude signal is
larger than a warm up variation threshold (such as TH,,)), it
indicates that the warm up is completed.
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[0043] When the user is in the in-exercise state (IIT), the
magnitude variation (A) of the magnitude signal is always
large but the average value (B) of the magnitude signal is
small. When the average value (B) of the magnitude signal
is smaller than an in-exercise average threshold (such as
TH,_,), it indicates that the user is doing the exercise.
Alternatively, when the average value (B) of the magnitude
signal is smaller than the in-exercise average threshold (such
as TH_,) and the magnitude variation (A) of the magnitude
signal is larger than an in-exercise variation threshold (such
as TH,,), it indicates that the user is doing the exercise.
[0044] When the user is in the post-exercise cooling state
(IV), the magnitude variation (A) of the magnitude signal
gradually decreases, but the average value (B) of the mag-
nitude signal starts to increase. When the average value (B)
of the magnitude signal increases back to a value larger than
a cooling average threshold (such as TH ;), it indicates that
the cooling process is completed. Alternatively, when the
average value (B) of the magnitude signal increases back to
a value larger than the cooling average threshold (such as
TH,_;) and the magnitude variation (A) of the magnitude
signal reduces back to a value smaller than a cooling
variation threshold (such as TH,;), it indicates that the
cooling process is completed.

[0045] Although four microcirculation states, three varia-
tion thresholds and three average thresholds are shown in
FIG. 3A and 3B, it is noted that the numbers of the
microcirculation states, the variation thresholds and the
average thresholds are not limited and may be changed
according to different applications. Thus, what is shown in
FIG. 3A and 3B is not used to limit the disclosure.

[0046] FIG. 4 shows an array physiological detection
system 400 according to an embodiment of the present
disclosure. The array physiological detection system 400 is
used to detect the vascular change in the microcirculation of
the skin and includes a light source 41, a photosensitive
array 43 and a processing unit 45.

[0047] The light source 41 can be a coherent light source,
a non-coherent light source or a partial-coherent light
source, such as a LED, a laser LED or the like. The light
source 41 irradiates the light “L”* on a skin area such that the
light “L” penetrates the skin and reaches the dermis of the
skin. Since the array physiological detection system 400 in
the present disclosure simply detects the vascular change in
the microcirculation of the dermis without detecting the
physiological information of the subcutaneous tissue below
the dermis, the light source 41 should have a proper wave-
length where the light will not be able to reach the subcu-
taneous tissue below the derails. The wavelength of the light
source 41 is selected as 300 to 940 nm, for example.
[0048] In other embodiments, a plurality of light sources
can be applied in a light source module, such as light sources
with different wavelengths of 525 nm, 880 nm, and 606 nm,
to obtain different results of reflected and scattered light
from human body. For example, when a short wavelength
light source, such as 525 nm, is applied, the result of 3D
energy distribution would present as some arc-like pattern in
response to physical pressure applied on human body. The
arc-like pattern can also be applied to evaluate whether the
system is properly wear by the user.

[0049] The short wavelength of light source among 300-
940 nm can cause more significant absorption variation of
human body, and this is presumed to be one reason causing
the arc-like pattern as shown in FIGS. 6A and 6B. The long
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wavelength of light source among 300-940 nm presents high
detectable result of 3D energy distribution under high pres-
sure status, thus the system can switch to use different light
sources in different sitvations (e.g., tightly attached or
loosely attached) to obtain good quality 3D energy distri-
bution. For example, FIGS. 7A and 7B are schematic
diagrams of a 3D energy distribution obtained by emitting
light of long wavelength in which no clear arc-like pattern
is observed.

[0050] The photosensitive array 43 is preferably an active
image sensor array such as a CMOS image sensor. Thus, the
size and location of the WOI (as shown in FIG. 2A) can be
selected as desired according to the sampling result. For
instance, the WOI can be determined based on the image
quality and the brightness distribution. The photosensitive
array 43 cannot output the information detected by the pixels
outside of the WOI. The photosensitive array 43 includes the
plurality of photosensitive pixels. Each photosensitive pixel
is used to continuously detect an outgoing light that emits
outwardly from the dermis of the skin area, thereby output-
ting a plurality of brightness signals as a PPG signal (i.e. the
vascular dilation and constriction indication signals in the
superficial microcirculation), as shown in FIG. 2A. In some
embodiments, the brightness signal is a digital signal, and
the photosensitive array 43 can include an analogous-to-
digital converter (ADC) for converting analogous signals
into digital signals.

[0051] The processing unit 45 is configured to convert the
brightness signals of the plurality of photosensitive pixels
(such as the PPG signal) into a plurality of frequency domain
data (as shown in FI1G. 2C), thereby obtaining the 3D energy
distribution indicative of the vascular dilation and constric-
tion states in the superficial microcirculation (as shown in
FIG. 2D). The processing unit 45 also calculates a variation
value and an average value of the plurality of frequency
domain data and identifies different microcirculation states
according to the changes of the variation value and the
average value (as shown in FIG. 3B). The processing unit 45
can be any device capable of calculating the data outputted
by a sensor array, such as a digital signal processor (DSP),
a central processor (CPU) or a microcontroller (MCU).
[0052] The processing unit 45 performs the above calcu-
lations via software, hardware, firmware or any combination
thereof. For example, the processing unit 45 includes a
frequency domain conversion module 451, a heartbeat cal-
culation module 452, a variation value calculation module
453, an average value calculation module 454, a comparison
unit 455 and a storage unit 456. It is understood that
although the various elements in FIG. 4 are directed to
different calculation functions, all of the calculation func-
tions are performed by the processing unit 45 since all of the
elements are arranged in the processing unit 45. Moreover,
the processing unit 45 can also include other calculation
functions such as data filtering and amplification. Other
insignificant functions of the processing unit 45 are omitted
in the specification.

[0053] Forexample, each of the plurality of photosensitive
pixels of the photosensitive array 43 outputs a plurality of
brightness signals which varies over time and is used as a
PPG signal (as shown in FIG. 2B). Thus, the processing unit
45 calculates a heartbeat frequency according to the PPG
signals.

[0054] In one embodiment, the frequency domain conver-
sion module 451 converts the PPG signal (as shown in FIG.
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2B) of each of the plurality of photosensitive pixels into a
frequency domain data (as shown in FIG. 2C). The heartbeat
calculation module 452 calculates an estimated heartbeat
frequency according to the frequency domain data of each of
the plurality of photosensitive pixels. Among the estimated
heartbeat frequencies of the plurality of photosensitive pix-
els, the one with the highest statistic will be used as the
heartbeat frequency. Namely, an estimated heartbeat fre-
quency can be calculated for each of the plurality of pho-
tosensitive pixels. Thus, a plurality of heartbeat frequencies
will be calculated for all of the photosensitive pixels. Among
the plurality of heartbeat frequencies, the one that corre-
sponds to the largest number of the pixels will be used as the
heartbeat frequency. In this manner, it is able to reduce the
error resulting from the noise and to improve the calculation
accuracy.

[0055] The plurality of photosensitive pixels in an image
frame (or in the WOI of the image frame) has a plurality of
brightness signals outputted by the photosensitive array 43.
Thus, in another embodiment, all or a part of the plurality of
brightness signals in each image frame (or in the WOI of the
image frame) may be added by the processing unit 45 to
calculate a sum of brightness. As a result, the plurality of
image frames will have a plurality of sums of brightness.
The heartbeat frequency may be calculated based on the
plurality of sums of brightness. Namely, in this embodiment,
the processing unit 45 calculates a sum of brightness for
each of the plurality of image frames. For the plurality of
image frames, the processing unit 45 calculates a variation
of the sum of brightness, which is used as a PPG signal as
shown in FIG. 2B. In this embodiment, the heartbeat cal-
culation module 452 can calculate the heartbeat frequency in
the time domain. For example, as shown in FIG. 2B, the
heartbeat calculation module 452 calculates a reciprocal of
a time internal THR. Alternatively, the variation of the sum
of brightness may be converted into the frequency domain
by the heartbeat calculation module 452 first, so as to
generate a frequency domain data as shown in FIG. 2C.
Then, the heartbeat calculation module 452 calculates the
heartbeat frequency based on the frequency domain data.
The heartbeat frequency is the one with the largest spectral
energy shown in FIG. 2C. In other words, in this embodi-
ment, FIG. 2B represents the variation of brightness for a
single photosensitive pixel. FIG. 2B also represents a varia-
tion of the sum of brightness for the plurality of image
frames. For a single photosensitive pixel having a variation
of brightness, FIG. 2C can represent a frequency domain
data of the variation of brightness thereof. For the plurality
of image frames having a variation of the sum of brightness,
FIG. 2C can represent a frequency domain data of the
variation of the sum of brightness thereof. This is dependent
on the application. In the present disclosure, a proper
algorithm such as fast Fourier transform (FFT) may be used
to perform the time to frequency domain conversion. How-
ever, this is not used to limit the present disclosure.

[0056] Upon the determination of the heartbeat frequency,
for each of the plurality of photosensitive pixels, the varia-
tion value calculation module 453 may generate a spectral
energy value under the heartbeat frequency. As such, the 3D
energy distribution (or an energy set) can be formed, as
shown in FIG. 2D. The variation value calculation module
453 calculates an energy variation of the 3D energy distri-
bution (or the energy set) which represents a magnitude
variation. For example, an energy difference between two
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adjacent photosensitive pixels may be calculated, and the
energy differences of all of the photosensitive pixels may be
added to generate a sum of energy difference. Alternatively,
for each photosensitive pixel having a respective energy
value, an energy difference between the respective energy
value of the photosensitive pixel and an average energy may
be calculated. Then, the energy differences (associated with
the average energy) of all of the photosensitive pixels may
be added to generate a sum of energy difference (associated
with the average energy). Still alternatively, a variance of the
energy set can be calculated. However, the calculations of
the variation value calculation module 453 are not limited to
the above as long as the calculation module 453 is able to
obtain the variation of the 3D energy distribution (or the
energy set). In this embodiment, the variation value of the
3D energy distribution is a variation of the spectral energy
under the heartbeat frequency.

[0057] After the heartbeat frequency is determined, the
average value calculation module 454 generates a spectral
energy value under the heartbeat frequency for each of the
plurality of photosensitive pixels. As such, the 3D energy
distribution (or 3D energy set) can be formed, as shown in
FIG. 2D. The average value calculation module 454 calcu-
lates an average value of the 3D energy distribution (or 3D
energy set) which represents a magnitude average value. In
the embodiment, the average value is an average value of the
spectral energy under the heartbeat frequency.

[0058] The 3D energy distribution as shown in FIG. 2D
can be applied to calculate and generate a representative
position for later evaluation. For example, the distribution
values higher than a threshold value can be used to calculate
a position of center of mass, a position of centroid, or a
center position of the used distribution values. The repre-
sentative position would vary according to physiologic
status of user, wherein the physiologic status is related to
physical motion or mental change of user.

[0059] It is noted that although the 3D energy distribution
(or 3D energy set) are calculated by the variation value
calculation module 453 and the average value calculation
module 454 in the above embodiment, the 3D energy
distribution (or 3D energy set) can also be calculated by
other components in the processing unit 45 such as the
frequency domain conversion module 451 or the heartbeat
calculation module 452.

[0060] In some embodiments, the processing unit 45 can
also identify different microcirculation states based on a
heartbeat frequency in addition to the changes of the varia-
tion value and the average value. Namely, in the specifica-
tion, the processing unit 45 can identify different microcir-
culation states (such as the pre-exercise state, the warm up
completion state, the in-exercise state and the post-exercise
cooling state) based on any combination between the change
of the variation value, the change of the average value, and
the change of the heartbeat frequency. However, the micro-
circulation states are not limited to the above.

[0061] The comparison unit 455 can identify different
microcirculation states by comparing the variation value
with at least one variation threshold (such as TH, , to TH, ,
in FIG. 3A). The comparison unit 455 can also identify
different microcirculation states by comparing the average
value with at least one average threshold (such as TH,, to
TH,; in FIG. 3B). In addition, the comparison unit 455 can
identify different microcirculation states by comparing the
heartbeat frequency with at least one heartbeat threshold. All
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of the above thresholds can be stored in the storage unit 456,
which can be a conventional memory (but is not limited
thereto).

[0062] FIG. 5 shows a flowchart of an operating method of
the array physiological detection system of the embodiment
of the present disclosure, which is performed to detect the
change of skin microcirculation via a plurality of photosen-
sitive pixels. The operating method includes irradiating the
light of a light source on a skin area such that the light of the
light source penetrates the skin and reaches the dermis of the
skin (S51), outputting a brightness variation signal by each
of the plurality of photosensitive pixels continuously detect-
ing the outgoing light that emits outwardly from the dermis
of the skin area (S52), converting the brightness variation
signals of the plurality of photosensitive pixels into a
plurality of frequency domain data (S53), calculating a
variation value and/or an average value of the plurality of
frequency domain data of the plurality of photosensitive
pixels (S54), and identifying a microcirculation state accord-
ing to a change of the variation value and/or a change of the
average value of the plurality of frequency domain data
(555).

[0063] The operating method of the embodiment of the
present disclosure is described below with reference made to
FIGS. 2A to 2D, 3A to 3B and 4-5.

[0064] In the step S51, the light source 41 irradiates the
light “L” on the skin area so that the light “L” penetrates the
surface of the skin area and reaches the dermis of the skin
area. As stated above, the wavelength of the light “L”” should
be properly selected such that the light “L” does not pen-
etrate the dermis of the skin. As such, the plurality of
photosensitive pixels simply detects the vascular change in
the superficial microcirculation without detecting the physi-
ological information of the subcutaneous tissue below the
dermis.

[0065] In the step S52, each of the plurality of photosen-
sitive pixels of the photosensitive array 43 continuously
detects the outgoing light that emits outwardly of the dermis
of the skin area and respectively outputs a brightness varia-
tion signal, as the PPG signal in FIG. 2B.Therefore, the
quantity of the PPG signals outputted by the photosensitive
array 43 is the same as the quantity of the active pixels.
[0066] Inthe step S53, the processing unit 45 converts the
brightness variation signals of the plurality of photosensitive
pixels into a plurality of frequency domain data, as shown in
FIG. 2C. Therefore, the quantity of the plurality of fre-
quency domain data is also the same as the quantity of the
active pixels.

[0067] In the step S54, the processing unit 45 calculates a
variation value and/or an average value of the plurality of
frequency domain data of the plurality of photosensitive
pixels (S54). Since the characteristics of the plurality of
frequency domain data are more noticeable under the heart-
beat frequency or a multiple of the heartbeat frequency, the
processing unit 45 calculates a heartbeat frequency accord-
ing to the brightness variation signals of the plurality of
photosensitive pixels prior to the calculations of the varia-
tion value and/or the average value. As stated above, the
heartbeat frequency may be directly calculated in the time
domain or may be calculated in a different manner in the
frequency domain. Then, the 3D energy distribution (or the
energy set) under the heartbeat frequency can be generated
as shown in FIG. 2D. Next, based on the 3D energy
distribution (or the energy set), the processing unit 45 can
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calculate an average value and/or a variation value of the
spectral energy under the heartbeat frequency. The calcula-
tion of the variation value is not described herein as it has
been discussed previously.

[0068] In the step S55, the processing unit 45 can identify
a microcirculation state according to the change(s) of the
variation value and/or the average value over time. The
identification is carried out by comparing the variation value
with at least one variation threshold and/or by comparing the
average value with at least one average threshold (as shown
in FIGS. 3A and 3B).

[0069] As stated above, in some embodiments, the pro-
cessing unit 45 can also identify a microcirculation state
based on the above factors along with the change of the
heartbeat frequency over time.

[0070] Finally, the processing unit 45 notifies the user of
the detected microcirculation state through images, sound or
the like. However, this is not taken as a limited sense.

[0071] In summary, the present disclosure does not deter-
mine the state of motion via the percent of Maximal Heart
Rate (MHR) or the user’s own judgement. Instead, the state
of motion is determined according to the vascular change in
the superficial microcirculation associated with the blood
circulation and distribution. In this mechanism, the vascular
change in the superficial microcirculation of the skin can be
represented by a plurality of brightness signals generated by
the plurality of photosensitive pixels of the photosensitive
array continuously detecting the outgoing lights that emit
outwardly of the dermis. The plurality of brightness signals
may form a PPG signal.

[0072] As stated above, the processing unit 45 can deter-
mine that the user is in the warm up completion state when
the average value is smaller than a warm up average
threshold (such as TH_ ) and/or when the magnitude varia-
tion (A) is larger than a warm up variation threshold (such
as TH,,). Furthermore, the processing unit 45 determines
that the user is doing the exercise when the average value
reduces back to a value smaller than an in-exercise average
threshold (such as TH ,) and/or when the magnitude varia-
tion (A) is larger than an in-exercise variation threshold
(such as TH,,). Moreover, the processing unit 45 determines
that the user is in the post-exercise cooling state when the
average value increases back to a value larger than a cooling
average threshold (such as TH ;) and/or when the magni-
tude variation (A) reduces hack to a value smaller than a
cooling variation threshold (such as TH, ;). The determina-
tion on the state of the motion in regard to the thresholds
may vary according to the application.

[0073] In an alternative embodiment, a physiological
detection device, e.g., 400 shown in FIG. 4, of the present
disclosure is further used to confirm whether the physiologi-
cal detection device is well-attached with a skin surface to
allow the physiological detection device to operate nor-
mally. It is known that the relative movement between a skin
surface and the physiological detection device can degrade
the image quality of the detected signal. Accordingly, to
confirm an attaching status is important.

[0074] For example referring to FIG. 4, the physiological
detection device 400 of this embodiment includes a light
source module 41, a photosensitive array 43 and a process-
ing unit 45. In addition, the physiological detection device
400 of this embodiment further includes a display 47 (e.g.,
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shown in FIG. 9) used to show a detected result of the
physiological detection device, e.g., alerting message, indi-
cation message or the like.

[0075] In this embodiment, the light source module 41 is
used to irradiate light of different wavelengths on a tissue
area below a skin to detect different depths of the tissue area.
As mentioned above, a shorter wavelength herein is used to
confirm whether a well-attached status is formed. For
example, the light source module 41 irradiates light of a first
wavelength, e.g., between 500 nm and 550 nm, on the tissue
area to be measured.

[0076] The photosensitive array 43 is used to detect out-
going light from the tissue area and output a plurality of PPG
signals each shown as FIG. 2B. As mentioned above, one
pixel outputs one PPG signal, or a plurality of pixels outputs
one averaged PPG signal, e.g., added by hardware circuit, as
shown in FIG. 2B.

[0077] The processing unit 45 is used to convert the
plurality of PPG signals to a 3D energy distribution, e.g.,
shown in FIG. 2D, identify an arc-like pattern in the 3D
energy distribution, and control the display 47 to show a
message indicating that the physiological detection device
41 is ready (i.e. well-attached) when the arc-like pattern is
confirmed, e.g., as shown in FIGS. 6A and 6B. The method
of generating the 3D energy distribution has been illustrated
above.

[0078] In one non-limiting embodiment, the arc-like pat-
tern includes at least one ring formed by energy amplitudes
in the 3D energy distribution larger than an energy threshold,
e.g., peaks with lighter color in FIGS. 6A and 6B. It is seen
from FIGS. 6A and 6B that more than one ring is shown. The
processing unit 45 obtains the ring in other way, e.g,
calculating a difference between energy amplitudes of adja-
cent pixels and finding local maximums in the 3D energy
distribution.

[0079] However, if an arc-like pattern does not exist in the
3D energy distribution, it means that the physiological
detection device 400 might not be worn properly or tight
enough for the physiological detection. Accordingly, the
processing unit 45 is further used to control the display 47
to show a message of changing a location of the physiologi-
cal detection device 400 or changing an attaching status of
the physiological detection device 400 when no arc-like
pattern is confirmed. The physiological detection device 400
is arranged in a way that an alert message is provided to the
user till the arc-like pattern is detected. After the arc-like
pattern is confirmed, the 3D energy distribution detected by
the physiological detection device 400 is considered as
containing valid data.

[0080] As mentioned above, the physiological detection
device 400 of the present disclosure is able to detect the
superficial microcirculation at different tissue depths. For
example, the processing unit 45 is further used to control the
light source module 41 to irradiate light of a second wave-
length, which is longer than the first wavelength, to cause the
photosensitive array 43 to detect the outgoing light from a
different tissue depth after said arc-like pattern is confirmed.
In one non-limiting embodiment, the second wavelength is
between 850 nm and 900 nm or between 590 nm and 620
nm, but not limited thereto. By changing the wavelength of
light and analyzing different 3D energy distributions corre-
sponding to different light wavelengths, it is possible to
obtain more detailed information within a detected tissue
area. In one non-limiting embodiments, the processing umt
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45 is arranged to control the display 47 to show a message
of changing the light wavelength to obtain a suitable 3D
energy distribution.

[0081] For example, FIG. 7A and 7B are schematic dia-
grams of 3D energy distribution corresponding to the light
source module 41 irradiating light of 880 nm, and using a
photosensitive array with 480*480 pixels each having a size
of 5 um*5 pm. It is seen from FIGS. 7A and 7B that no clear
arc-like pattern is shown. This is because when the light
having a longer wavelength is adopted, the irradiated light
penetrates more tissues (including shallower and deeper
tissues) and thus more complicated data is reflected in the
detected 3D energy distribution. More complicated process
is required to analyze the detected 3D energy distribution
associated with the light of a longer wavelength. Accord-
ingly, in one non-limiting embodiment, the processing unit
45 is not used to identify the arc-like pattern in the 3D
energy distribution associated with the light of the second
wavelength for simplification. That is, in the present disclo-
sure, the processing unit 45 is arranged to confirm whether
the physiological detection device 400 is worn properly
according to the light of a shorter wavelength, e.g., the first
wavelength mentioned herein, but not to confirm the wear-
ing status using the light of a longer wavelength, e.g., the
second wavelength mentioned herein.

[0082] Inaddition, the processing unit 45 is further used to
control the display 47 to show a message indicating a
direction of moving the physiological detection device 400
to obtain more meaningful data. FIGS. 7A and 7B are the 3D
energy distribution detected by the photosensitive array 43
at different time points using a same light wavelength. The
3D energy distribution repeatedly changes between FIGS.
7A and 7B with time. It is seen that amplitudes at lower
Y-Axis section (about at Y=0-10) always have higher energy
without changing with time, and this is considered that the
detected data exceeds a detectable range of the system.
According, the processing unit 45 informs the user by
showing on the display 47 to move the physiological detec-
tion device 400 along a positive Y-Axis (e.g., Y=40) in order
not to detect the always-high amplitude area.

[0083] 1In other embodiments, the processing unit 45 cal-
culates a position of center of mass, a position of centroid,
or a center position of the 3D energy distribution. If the
calculated position is not at a center of the 3D energy
distribution, the processing unit 45 controls the display 47 to
direct a user to move the physiological detection device 400
to cause said position to be close to the center of the 3D
energy distribution. That is, the processing unit 45 is
arranged to control the display 47 to show a direction of
moving the physiological detection device 400 to a pre-
defined area, e.g., an area having more vessels.

[0084] In the above embodiment, when the physiological
detection device 400 is not worn properly, the physiological
detection device 400 informs the user to change a location
or to wear the device with different tightness.

[0085] In an alternative embodiment, the physiological
detection device 400 performs a self-adjustment at first, and
if the self-adjustment cannot fulfill the requirement, e.g.,
detecting an arc-like pattern, then informs the user to adjust
the location or tightness as mentioned above. Referring to
FIG. 8, it is a schematic diagram of a physiological detection
device 400 according to an alternative embodiment of the
present disclosure which also includes a light source mod-
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ule, a photosensitive array 43 and a processing unit 45. In the
present embodiment, the physiological detection device 400
also includes a display 47.

[0086] The light source module in the present embodiment
includes a plurality of light emitting diodes (LED), e.g.,
LEDs 411-416 shown in FIG. 8, used to irradiate light of a
first wavelength on a tissue area with different groups of
light emitting diodes among the plurality of light emitting
diodes, wherein the first wavelength is between 500 nm and
550 nm. For example, the first group includes the light
emitting diodes 411-413. It should be mentioned that a
number of the LEDs and a size of the photosensitive array
are not limited to those shown in FIG. 8.

[0087] The photosensitive array 43 is used to detect out-
going light from the tissue area and output a plurality of PPG
signals, e.g., each shown as FIG. 2B. It should be mentioned
that an arrangement between the photosensitive array 43 and
the multiple LEDs 411-416 is not limited to that shown in
FIG. 8 as long as the photosensitive array 43 detects
outgoing light from different directions when different
groups of LEDs are lighted.

[0088] The processing unit 45 is used to convert the
plurality of PPG signals to a 3D energy distribution, identify
an arc-like pattern in the 3D energy distribution obtained
from lighting a first group of light emitting diodes, and
control a second group of light emitting diodes, e.g., LEDs
414-416, to emit light when the arc-like pattern is not
confirmed in the 3D energy distribution. Details of the
arc-like pattern have been described above and thus are not
repeated herein.

[0089] The difference from the above embodiment is that
when the arc-like pattern is not confirmed in the 3D energy
distribution associated with the first group of LEDs, the
processing unit 45 changes another group of LEDs to
irradiate the tissue area, also using the light of a first
wavelength. In addition to change LEDs at different loca-
tions to irradiate light, the processing unit 45 further changes
a window of interest (e.g., WOI shown in FIG. 2A) in an
image frame retrieved by the photosensitive array 43 in
order to obtain a suitable 3D energy distribution. If an
arc-like pattern is detectable by the self-adjustment, e.g,,
lighting different LEDs or changing WOI, the processing
unit 45 does not control the display 47 to show a message for
a manual adjustment.

[0090] As mentioned above, if the self-adjustment is work,
the physiological detection device 400 can be used to detect
the superficial microcirculation at different tissue depths.
That is, the processing unit 45 is further used to control the
light source module to irradiate light of a second wave-
length, which is longer than the first wavelength, when an
arc-like pattern is confirmed in the 3D energy distribution
associated with first group of light emitting diodes. As
mentioned above, the second wavelength is selected
between 850 nm and 900 nm or between 590 nm and 620
nm, but not limited thereto.

[0091] In an alternative embodiment, a physiological
detection system includes two physiological detection
device, e.g., referred to array PPG detectors, for monitoring
the superficial microcirculation at different parts of a human
body. For example referring to FIG. 9, it is a block diagram
of a physiological detection system 500 according to an
alternative embodiment of the present disclosure.

[0092] The physiological detection system 500 includes a
first array PPG detector 501, a second array PPG detector
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503, a processing unit 505 and a display 507. It should be
mentioned that although FIG. 9 shows that the processing
unit 505 is arranged outside of the first array PPG detector
501 and the second array PPG detector 502, the present
disclosure is not limited thereto. In one non-limiting
embodiment, the processing unit 505 is integrated in the first
array PPG detector 501 or the second array PPG detector
503.

[0093] The first array PPG detector 501 and the second
array PPG detector 503 are similar to the photosensitive
array 43 shown in FIG. 4. In this embodiment, the first array
PPG detector 501 is used to generate a plurality of first PPG
signals, and the second array PPG detector 503 is used to
generate a plurality of second PPG signals. The method of
a photosensitive array generating a plurality of PPG signals
(as shown in FIG. 2B) has been illustrated above.

[0094] For example. the first array PPG detector 501
includes a first light source module and a first photosensitive
array. The first light source module is used to irradiate light
of a first wavelength on a first tissue area. The first photo-
sensitive array is used to detect outgoing light from the first
tissue area and output the plurality of first PPG signals. The
second array PPG detector includes a second light source
module and a second photosensitive array. The second light
source module is used to irradiate light of the first wave-
length on a second tissue area. The second photosensitive
array is used to detect outgoing light from the second tissue
area and output the plurality of second PPG signals. For
example, the first wavelength is between 500 nm and 550
nm.

[0095] The display 507 is also used to show a detected
result of the physiological detection system.

[0096] The processing unit 505 uses a similar method
mentioned above to convert the plurality of first PPG signals
and the plurality of second PPG signals to a first 3D energy
distribution and a second 3D energy distribution, respec-
tively. In this embodiment, the first tissue area is at a hand
of a user and the second tissue area is at a leg of the user
without particular limitations as long as the two array PPG
detectors are located at two different skin surfaces to be
measured. For example, the processing unit 505 compares
the first 3D energy distribution and the second 3D energy
distribution to determine whether the superficial microcir-
culation at hand or a leg becomes worse, e.g., due to at a
sitting posture for a long time. Similarly, before the com-
parison, the processing unit 505 confirms whether the first
array PPG detector 501 and the second PPG detector 502 are
worn properly. That is, the processing unit 505 identifies an
arc-like pattern in the first 3D energy distribution and the
second 3D energy distribution. The physiological detection
system 500 operates normally when both the first 3D energy
distribution and the second 3D energy distribution contain a
detectable arc-like pattern, respectively.

[0097] After the arc-like pattern is confirmed in both the
first 3D energy distribution and the second 3D energy
distribution, the physiological detection system 500 continu-
ously monitors variations of the first 3D energy distribution
and the second 3D energy distribution with time.

[0098] In one embodiment, the processing unit 505 cal-
culates a first average energy of the first 3D energy distri-
bution and a second average energy of the second 3D energy
distribution, respectively. The processing unit 505 further
calculates a ratio of or a difference between the first average
energy and the second average energy, and monitors a
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variation of the ratio or the difference. When the ratio or the
difference changes to exceed to a variation threshold, it
means that the superficial microcirculations at the two
monitored parts of body are different and the processing unit
505 is arranged to control the display 507 to show an alert
message to inform the user to exercise the body.

[0099] In another embodiment, the processing unit 505
compares the first 3D energy distribution and the second 3D
energy distribution with an energy threshold, and calculates
a first area of the first 3D energy distribution having energy
amplitudes larger than the energy threshold and a second
area of the second 3D energy distribution having energy
amplitudes larger than the energy threshold. The processing
unit 505 monitors a variation of a ratio of or a difference
between the first area and a second area, and controls the
display 507 to show an alert message when the ratio or the
difference changes to exceed a variation threshold.

[0100] It should mentioned that the physiological detec-
tion system of this embodiment may include more than two
physiological detection devices to monitor different parts of
body, and the processing unit 45 controls the display 47 to
show a hint when the calculated multiple 3D energy distri-
butions are not balance or have a significant difference.
[0101] In another embodiment, the vascular information in
the superficial microcirculation of the skin can be detected
in a non-optical manner (such as Doppler detection) as long
as the required resolution is met. For example, the photo-
sensitive pixel is preferably in a size from 5x5 pum to 10x10
wm, and the photosensitive array is preferably in a size from
240x240 pm to 480x480 um. The detection is not limited to
the optical detection. Namely, the physiological detection
system always includes a sensor array and a processing unit
irrespective of whether a light source is included. The sensor
array is used to detect a microcirculatory data array in the
dermis of the skin in order to reflect the states of different
skin areas. The sensor array includes a plurality of pixel
areas, which is in the form of a plurality of photosensitive
pixels in an optical detection. In another detection mecha-
nism, the plurality of pixel areas is in the form of a plurality
of sensing pixels. In this regard, the processing unit deter-
mines different microcirculation states according to the
changes of the microcirculatory data array over time. The
changes of the microcirculatory data array include a change
of the microcirculatory data array over time, as well as a
change of the average value of the microcirculatory data
array over time.

[0102] Monitoring other features of the microcirculation is
also helpful to discover the peripheral vascular disease at
early stage. For example, an oscillation frequency with time
of arc-like patterns between FIGS. 6A and 6B reflects a
frequency of a precapillary sphincter opening and closing
the precapillary per minute. The present disclosure further
provides a microcirculation detection system and method
that do not adopt. Doppler method to detect a biphasic blood
flow response. An oscillation frequency of an arc-like pat-
tern detected by the microcirculation detection system of the
present disclosure is different from the heart rate, and the
oscillation frequency is about 5 to 10 times per minute.
[0103] Referring to FIG. 104, it is a block diagram of a
microcirculation detection system 1000 according to one
embodiment of the present disclosure. Similar to the physi-
ological detection system in FIG. 4, the microcirculation
detection system 1000 of this embodiment also includes a
light source 1001, a photosensitive array 1003 and a pro-
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cessing unit 1005, wherein the types of the light source
1001, the photosensitive array 1003 and the processing unit
1005 are respectively identical to the light source 41, the
photosensitive array 43 and the processing unit 45 men-
tioned above and thus details thereof are not repeated herein.
[0104] The arrangement of the light source 1001 and the
photosensitive array 1003 with respect to a skin surface is
referred to FIG. 4 as an example. The light source 1001 is
used to irradiate light to illuminate a skin area, wherein a
wavelength of the light is preferably selected between 500
nm and 550 nm for detecting a tissue depth that the precap-
illary locates. The photosensitive array 1003 is used to
detected outgoing light from the skin area and output a
plurality of PPG signals, wherein each PPG signal is referred
to FIG. 2B as an example. The photosensitive array 1003
includes a plurality of pixel areas arranged in a matrix (as
shown in FIG. 2A for example), and the plurality of pixel
areas is respectively used to output a brightness variation
signal as one of the plurality of PPG signals, wherein each
of the plurality of pixel areas includes at least one sensing
pixel. When one pixel area includes multiple sensing pixels,
the photosensitive array 1003 has a circuit used to sum up
detected signals of the multiple sensing pixels of one pixel
area to output a sum of brightness variation signals as a PPG
signal of said one pixel area.

[0105] The processing unit 1005 also converts the plural-
ity of PPG signals to an array energy distribution (e.g., the
3D energy distribution shown in FIG. 2D as an example),
and identifies an arc-like pattern in the array energy distri-
bution, e.g., identifying a first arc-like pattern ED1 (or the
one shown in FIG. 6A) in the array energy distribution at a
first time point, and a second arc-like pattern ED2 (or the one
shown in FIG. 6B) in the array energy distribution at a
second time point, wherein the first time point is different
from the second time point. As mentioned above, the array
energy distribution is an energy value distribution, corre-
sponding to a two dimensional space of the plurality of pixel
areas, of spectrum energies at a predetermined frequency
(e.g., heart rate or a multiplication thereof) of the plurality
of PPG signals. The arc-like pattern in the array energy
distribution oscillates or fluctuates with time, e.g., between
ED1 and ED2. When a skin surface temperature of a skin
area under detection is substantially fixed, an oscillation
frequency (times per minute) of the arc-like pattern is
maintained at a substantially fixed value.

[0106] In addition, the microcirculation detection system
1000 of this embodiment further includes a heating device
1002 for heating the skin area, and a timer 1006 for counting
a heating period of the heating device 1002. The timer 1006
is selected from known devices without particular limita-
tions as long as the timer 1.106 is controlled by the pro-
cessing unit 1005 to start to count time when the heating
device 1002 starts to heat the skin area. The processing unit
1005 further resets the timer 1006 before starting to count a
heating period.

[0107] Referring to FIG. 10B, it is an operational sche-
matic diagram of a microcirculation detection system 1000
according to one embodiment of the present disclosure. In
one non-limiting aspect, the heating device 1002 includes,
for example, a heating chamber 1021 and a heater 1022. The
heating chamber 1021 is used to accommodate the skin area.
For example, when a skin area to be detected is at a hand of
a user, the heating chamber 1021 has an opening 1023 for
the user to put his/her hand into the heating chamber 1021
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via the opening 1023. It is appreciated that when the heating
chamber 1021 is used to accommodate other body part of the
user (e.g., leg), the opening 1023 is arranged at different
surfaces of the heating chamber 1021 such that the user can
easily put in his/her body part therein for the detection.

[0108] The heater 1022 is, for example, an infrared heat
lamp or an electric heating tube that is disposed inside the
heating chamber 1021 for heating the gas inside the heating
chamber 1021. The infrared heat lamp can also heat the skin
area under detection with radiation heat. It is appreciated
that when a user puts his/her hand into the heating chamber
1021, the skin area under detection is uniformly heated by
the gas inside the heating chamber 1021. In other aspects, a
contact type heater is used to directly increase a temperature
at the skin area under detection. More specifically, the type
of the heater 1022 is not particularly limited as long as it is
able to increase the skin surface temperature.

[0109] Meanwhile, to record a skin surface temperature of
the skin area under detection, the microcirculation detection
system 1000 of this embodiment further includes a tempera-
ture sensor 1043 used to detect the skin surface temperature.
One benefit of uniformly heating the user’s hand is that a
skin surface temperature on a different finger (e.g., FIG. 10B
showing the fourth finger) measured by the temperature
sensor 1043 is considered as the skin surface temperature of
the skin area under detection (e.g., the second finger putting
on the light source 1001 and the photosensitive array 1003
shown in FIG. 10B). The measured temperature Ts is sent to
a buffer memory 1051 to be recorded and accessed by the
processing unit 1005. In addition, the microcirculation
detection system 1000 further includes a temperature sensor
1041 used to measure a chamber temperature Tc inside the
heating chamber 1021, and the measured temperature Tc is
sent to the buffer memory 1051 to be recorded and accessed
by the processing unit 1005. The buffer memory 1051 is a
volatile memory, and included in or outside of the process-
ing unit 1005 without particular limitations.

[0110] Referring to FIG. 11, it is a schematic diagram of
the chamber temperature Tc and the heated skin temperature
(e.g., left hand shown in FIG. 10B) within a heating period
of the microcirculation detection system 1000. In some
aspects, it is an option to also record an unheated skin
temperature (e.g.. right hand) using another temperature
sensor to confirm whether the skin heating process is normal
or not. Generally, the heating period is set from 12 to 15
minutes depending on different users. It is seen from FIG. 11
that when the chamber temperature Tc increases, the heated
skin is heated to a higher skin surface temperature.

[0111] In the process of heating the skin area under
detection by the heating device 1002, the photosensitive
array 1003 is used to continuously sense outgoing light from
the skin area to output a plurality of PPG signals at different
time points, and the plurality of PPG signals at each time
point is used to form one array energy distribution. The
processing unit 1005 identifies an arc-like pattern in each
array energy distribution at a predetermined frequency (e.g,,
frame rate), and calculates a frequency variation of an
oscillation of the arc-like pattern within the heating period.

[0112] In one non-limiting aspect, the oscillation of the
arc-like pattern is identified by an energy amplitude oscil-
lation at a position within the arc-like pattern of the energy
array distribution corresponding to at least one of the
plurality of pixel areas.
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[0113] In another non-limiting aspect, the oscillation of
the arc-like pattern is identified by a pattern oscillation
between the first arc-like pattern EDI and the second arc-like
pattern ED2. For example, the processing unit 1005 firstly
determines a first arc-like pattern EDI and a second arc-like
pattern ED2 to be stored in a frame buffer, wherein the first
arc-like pattern ED1 and the second arc-like pattern ED2 are
substantially out of phase from each other. During the
heating period, the processing unit 1005 compares the
similarity or correlation of every identified arc-like pattern
with the stored first arc-like pattern EDI and the second
arc-like pattern ED2 to confirm the oscillation therebetween.
When some arc-like patterns are alternatively identified as
the first arc-like pattern ED1 and the second arc-like pattern
ED2 (e.g., similarity or correlation higher than a threshold)
within the heating period, it is able to calculate the oscilla-
tion frequency.

[0114] For example referring to FIG. 12, it is a schematic
diagram of the frequency variation detected by a microcir-
culation detection system 1000 according to one embodi-
ment of the, present disclosure. FIG. 12 shows that an
oscillation frequency of the arc-like pattern has a peak (i.e.
highest oscillation frequency) respectively at the second and
the eleventh minutes after the heating is started, and this
phenomenon is referred to the biphasic blood flow response.
To detect these two phases (i.e., the two peaks), the pro-
cessing unit 1005 further identifies whether a peak of the
frequency variation (e.g., a change of oscillation times
between ED1 and ED2 per minute) occurs respectively in a
first time interval and a second time interval within a heating
period, wherein the first time interval is selected as 2 to 5
minutes of the heating period, and the second time interval
is selected as 10 to 15 minutes of the heating period. FIG. 12
further shows a frequency variation of the unheated skin as
a comparison. In actual operation, the microcirculation
detection system 1000 is arranged to only record a frequency
variation of the arc-like pattern of the heated skin without
recording the unheated skin.

[0115] In addition, the microcirculation detection system
1000 of this embodiment further includes an indication
device 1008 for indicating the detected result using images,
sounds, vibrations, lamps, wireless signals or the like. For
example, when the indication device 1008 is a display, the
display is used to show at least one of arc-like patterns at
different time points (e.g., the first arc-like pattern ED1 and
second arc-like pattern ED2 in FIG. 10A), the frequency
variation (e.g., using histogram or line chart shown in FIG.
12), the heating period (e.g., by numbers or line chart), the
chamber temperature and skin surface temperature (e.g.. by
numbers or line chart). When identifying that there is no
peak value within at least one of the first time interval and
the second time interval, it means that the blood flow control
on microcirculation of the user may not be normal and thus
the processing unit 1005 controls the indication device 1008
to generate an indication signal.

[0116] Referring to FIG. 13, it is a flow chart of a detection
method of a microcirculation detection system according to
one embodiment of the present disclosure. The detection
method is adaptable to the microcirculation detection system
1000 of FIGS. 10A and 10B for instance. The detection
method of this embodiment includes the steps of: lighting a
skin area by a light source (Step S131): heating the skin area
by a heating device (Step S132); detecting, by a photosen-
sitive array, outgoing light from the skin area and outputting
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a plurality of PPG signals (Step S133); converting, by a
processing unit, the plurality of PPG signals to an array
energy distribution (Step S134); and recognizing, by the
processing unit, a frequency variation of an energy fluctua-
tion, within a heating period, at a predetermined position in
the array energy distribution, and recognizing two peaks of
the frequency variation in two predetermined intervals
within the heating period (Step S135).

[0117] Firstly, the light source 1001 is turned on to illu-
minate a skin area, and the heating device 1002 starts to heat
the skin area (Steps S131-S132). In one non-limiting aspect,
the light source 2001 is arranged to emit light when the
heating device 1002 is powered on. The light source 1001,
the temperature sensor 1043 and the photosensitive array
1003 are directly arranged inside the heating chamber 1021,
or they are firstly arranged on the user’s body and then
disposed in the heating chamber 1021.

[0118] Inone non-limiting aspect, the photosensitive array
1003 is arranged to output a plurality of PPG signals when
the heating device 1002 starts to heat the heating chamber
1021, wherein a number of the PPG signals is determined by
a number of the pixel areas (Step S133).

[0119] The processing unit 1005 distributes spectrum
energies at a predetermined frequency of the plurality of
PPG signals on a two dimensional space corresponding to
the plurality of pixel areas to form an array energy distri-
bution, e.g., FIG. 10A showing array energy distributions at
different time points as ED1 and ED2 (Step S134).

[0120] The processing unit 1005 is arranged to determine
a predetermined position, e.g., a position within the array
energy distribution corresponding to at least one of the
plurality of pixel areas and having an energy oscillation
exceeding an energy threshold such as a mass center, a
gravity center or a center point of the arc-like pattern. The
processing unit 1005 calculates a frequency variation of an
oscillation frequency at the predetermined position within a
heating period, as shown in FIG. 12 for example. As
mentioned above, the processing unit 1005 identifies two
peaks in two predetermined intervals (e.g., between 2 and 5
minutes and between 10 and 15 minutes) within the heating
period (Step S135). When at least one of the predetermined
intervals does not have the frequency variation peak, the
processing unit 1005 controls the indication device 1008 to
perform an indication. Besides, the display 1008 is used to
show the calculated result of the processing unit 1005
including images of arc-like pattern, numbers or graphs of
frequency variation, recorded temperatures and heating
time. The processing unit 1005 further sends the calculated
result to an external device via a communication interface or
an Internet.

[0121] In the detection method herein, the processing unit
1005 calculates the frequency variation according to the
oscillation or fluctuation between two selected art-like pat-
terns as mentioned above.

[0122] In this embodiment, preferably the frequency
variation is recorded after an arc-like pattern is identified at
first. If the processing unit 1005 is not able to identify the
arc-like pattern, the method such as changing the position of
lighted light sources and adjusting the wearing tightness
mentioned above can be performed at first in order to obtain
an array energy distribution containing an arc-like pattern,
and then the skin area is heated and detected. In the present
disclosure, the arc-like pattern is similar to a water ripple
generated by a stone falling into water.
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[0123] The present disclosure is suitable for use in a
transdermal drug delivery system. The transdermal drug
delivery system refers to a drug administration where, after
a transdermal drug delivery is made, the drug takes effect
when guided through the skin in a certain speed, absorbed by
the blood vessels during the microcirculation, and finally
circulated in the human body. As a result, the first pass effect
of the liver can be avoided, and the detetioration on the
effect of the drug caused by the gastrointestinal tract is also
prevented. Advantageously, the number of times of drug
delivery is reduced, the interval between the drug deliveries
is prolonged, and the effective serum concentration is main-
tained.

[0124] The present disclosure can be used to monitor the
absorption condition of the drug in the microcirculatory
blood vessels. Specifically, when the magnitude variation of
the microcirculatory data increases and the heartbeat fre-
quency becomes larger, it can be determined that the trans-
dermal drug delivery system is functioning. To the contrary,
when all of the magnitude variation, the heartbeat frequency,
and the average magnitude value of the microcirculatory
data have been restored to the normal ranges as they were,
it can be determined that the functioning of the transdermal
drug delivery system is completed. Thus, further treatment
can be carried out, such as the second run of drug delivery.
In other words, the array physiological detection system of
the embodiment of the present disclosure is able to reflect
the condition of drug delivery via the 3D spectral energy,
thereby obtaining the effectiveness of the drug delivery.
[0125] Diabetic patients tend to have diseases such as
atherosclerosis of native arteries of the extremities and
peripheral neuropathy. The atherosclerosis of native arteries
will cause the ischemic necrosis of the tissues, and the
peripheral neuropathy will cause motor weakness and aste-
reognosis. Since the microcirculatory blood vessels are
innervated by sympathetic nerves, it is able to provide an
early warning mechanism indicating whether the diabetic
patients have contracted the aforementioned diseases via the
supervision of the vascular change.

[0126] The present disclosure is able to monitor the vas-
cular change of the microcirculatory blood vessels. When
the microcirculation date presents a magnitude variation and
an average value that decrease over time, it can be known
that the functioning of the blood vessels is retrograding. In
other words, the array physiological detection system of the
embodiment of the present disclosure is able to reflect the
degree of retrogression of the microcirculation, thereby
obtaining the severity of illness.

[0127] The present disclosure is able to detect the patho-
logical change of the patient. Specifically, an external exci-
tation may be applied to the patient, and the microcirculatory
response of the patient can be observed. For example, when
observing whether the patient has a peripheral neuropathy, a
cool and warm excitation is applied to the patient. In this
regard, if the microcirculation presents a reduced magnitude
variation and the heartbeat frequency does not increase, it
indicates that the activity of the peripheral nerve is not high.
In this case, a pathological change may be resulted.

[0128] The burned patients tend to have low blood capac-
ity shock as well as increased fragility and permeability of
the microcirculatory blood vessels due to the lack of local
skin protection. In this situation, since the condition of the
patients becomes worse quickly, the patients may have
multiple organ dysfunction syndrome if the patients are not
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rescued in time. In this regard, the array physiological
detection system of the embodiment of the present disclo-
sure is able to detect the circulations of the peripheral tissues
of the patients, thus monitoring the conditions of the patients
and preventing the patients from a worse condition. In other
words, the array physiological detection system of the
embodiment of the present disclosure is able to reflect the
operational status of the microcirculation via the 3D energy
spectrum, thereby reflecting the change on the conditions of
the patients.

[0129] It has been proven that the hyperbaric oxygen
therapy is clinically effective in improving the microcircu-
lations of the tissues after radiotherapy. The hyperbaric
oxygen therapy exhibits an outstanding curative effect in
treatment of radiative osteonecrosis and soft tissue necrosis.
When the patient is receiving the hyperbaric oxygen therapy,
the curative effect may be observed via the array physiologi-
cal detection system of the present disclosure. Specifically,
when the magnitude variation of the microcirculatory data
increases and the heartbeat frequency becomes larger, it
indicates that the activity of the microcirculatory blood
vessels has been gradually recovered. The therapy is effec-
tive. In other words, the array physiological detection sys-
tem of the embodiment of the present disclosure is able to
reflect the recovering process of the microcirculation via the
3D energy spectra Therefore, the curative effect can be
observed.

[0130] Shock is an ongoing phenomenon. When the tis-
suies or organs of the human body are not provided with a
sufficient amount of blood due to the inability of the circu-
lation system to provide a proper metabolism, the tissues or
organs in the body will have insufficient oxygen. As a result,
the cell metabolism will be abnormal, causing a damage to,
or death of, the cells. When the patient has a shock, the
microcirculatory blood vessels will start to dilate. In this
case, the condition of the patient may become worse if the
situation 1s not properly handled.

[0131] When an alleviation mechanism is made to the
shock, it can be observed whether the alleviation has taken
effect or not through the use of the array physiological
detection system of the embodiment of the present disclo-
sure. If the average value of the magnitude signal is very
large, the magnitude variation of the magnitude signal is not
large and the heartbeat frequency remains relatively large, it
indicates that the alleviation has not taken effect yet, and
vice versa. In other words, the array physiological detection
system of the embodiment of the present disclosure is able
to reflect the recovering process of the microcirculation via
the 3D energy spectrum. Therefore, the alleviation effect can
be observed.

[0132] Heat exhaustion and heatstroke are typically seen
in a case of excessively intensive exercise. In this situation,
the blood circulation of the skin will increase. As a result, the
amount of the blood that is pumped out by the heart should
be increased. When the amount of blood is insufficient, the
blood in the body will be reallocated such that the internal
organs will be allocated with a smaller amount of blood and
the skin tissues will be allocated with a larger amount of
blood to facilitate the sweating process. As such, the heat in
the body can be smoothly expelled. When the array physi-
ological detection system of the embodiment of the present
disclosure is used during the exercise, if it is detected that the
average value of the magnitude signal is very large, the
magnitude variation of the magnitude signal is not large, and



US 2019/0209026 A1

the heartbeat frequency remains relatively large, the user
will be reminded that he/she might have been in an intensive
exercise and should take a break. In other words, the array
physiological detection system of the embodiment of the
present disclosure is able to reflect the blood allocation
condition of the microcirculation via the 3D energy spec-
trum. Therefore, the cooling effect can be observed.
[0133] Microcirculation has the functions such as regulat-
ing the amount of the blood of the tissues, providing the cells
with the nutrition, discharging the metabolite . . . etc.
Through the array physiological detection system of the
embodiment of the present disclosure, the corresponding
temperature change of the peripheral tissue in the microcir-
culation can be detected. Namely, for the microcirculatory
blood vessels of a local tissue, when the average value of the
magnitude signal thereof is large, it indicates the tempera-
ture is increased, and vice versa. In other words, the array
physiological detection system of the embodiment of the
present disclosure is able to reflect the temperature condition
of the microcirculation via the 3D energy spectrum. There-
fore, the amount of blood in a local tissue can be observed.
[0134] For detecting the sympathetic nerves of the periph-
eral tissues of autistic patients, infants and pets, there has not
been any useful and portable device available for detecting
the microcirculatory blood vessels in the peripheral tissues.
The blood vessel walls of the artery and arteriole of the
microcirculatory blood vessels are formed by the smooth
muscle. The artery and arteriole of the microcirculatory
blood vessels are innervated by sympathetic nerves to con-
trol the opening and closing of the microcirculatory blood
vessels, thereby determining the amount of blood supply of
the tissues. Through the use of the array physiological
detection system of the embodiment of the present disclo-
sure, the activity of the sympathetic nerves may be surmised
in an indirect manner. When the activity of the sympathetic
nerves is high, the change of the microcirculatory blood
vessels is also more obvious, and vice versa. In other words,
the array physiological detection system of the embodiment
of the present disclosure is able to reflect the condition of
blood supply via the 3D energy spectrum. Therefore, the
activity of the sympathetic nerves can be observed.

[0135] The array physiological detection system of the
embodiment of the present disclosure can also be used to
determine the functioning of the heart as well as detecting
the systemic vascular defect and sclerosis. After all of the
vascular dilation and constriction indication signals in the
superficial microcirculation are integrated as a signal result,
the signal result will have different energies under different
frequencies. In general, the signals indicative of the energy
is supposed to appear at the heartbeat frequency or a
multiple of the heartbeat frequency while the energies of the
signals will remain in a normal range. The range can vary
from person to person. However, for the same user, the range
should not have a significant change as time goes on.
Therefore, if the signals indicative of the energy is at a
frequency which is not a multiple of the heartbeat frequency
or if the energies of the signals go out of the normal range
as time passes, it indicates that the functioning of the heart
or blood vessels of the user is abnormal. Further examina-
tion is required.

[0136] For example, when the signals indicative of the
energy appears at a frequency which is not a multiple of the
heartbeat frequency, it can indicate that the user has a cardiac
dysfunction such as valve defect. When the energies of the
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signals have gone way beyond the normal range, it can
indicate that the user has a vascular sclerosis. As a result, the
heart needs to increase its power in pumping the blood
throughout the body. In other words, the array physiological
detection system of the embodiment of the present disclo-
sure is able to reflect the abnormality of the microcirculation
via the 3D energy spectrum. Therefore, the functioning of
the heart can be observed.
[0137] In the above description, the magnitude variation
refers to an energy variation of the 3D spectral energy, and
the average value of the magnitude refers to an average
value of the 3D spectral energy. The distribution of the 3D
spectral energy is similar to what is shown in FIG. 2D. In
addition, the quantity of the active pixels as mentioned
above refers to a quantity of the pixels in the WOI. All of the
values discussed in the specification are merely for expla-
nation of the present disclosure and should not be used to
limit the disclosure.
[0138] Although the present disclosure has been described
in detail with reference to its presently preferable embodi-
ment, it will be understood by one of ordinary skill in the art
that various modifications can be made without departing
from the spirit and the scope of the present disclosure, as set
forth in the appended claims.
What is claimed is:
1. A microcirculation detection system, comprising:
a light source configured to irradiate light to illuminate a
skin area;
a heating device configured to heat the skin area;
a photosensitive array configured to detect outgoing light
from the skin area and output a plurality of PPG
signals; and
a processing unit configured to
convert the plurality of PPG signals to an array energy
distribution,

identify an arc-like pattern in the array energy distri-
bution, and

calculate a frequency variation of an oscillation of the
arc-like pattern within a heating period.

2. The microcirculation detection system as claimed in
claim 1, wherein a wavelength of the light is between 500
nm and 550 nm.

3. The microcirculation detection system as claimed in
claim 1, further comprising a display configured to show at
least one of the arc-like pattern at different time points, the
frequency variation, a heating temperature and a skin surface
temperature.

4. The microcirculation detection system as claimed in
claim 1, further comprising a timer configured to count the
heating period.

5. The microcirculation detection system as claimed in
claim 1, wherein the heating period is 15 minutes.

6. The microcirculation detection system as claimed in
claim 1, wherein the heating device comprises:

a heating chamber configured to accommodate skin area;

and

an infrared heat lamp disposed inside the heating chamber
and configured to heat the heating chamber.

7. The microcirculation detection system as claimed in
claim 1, wherein the photosensitive array comprises a plu-
rality of pixel areas arranged in a matrix and respectively
configured to output a brightness variation signal as one of
the plurality of PPG signals, wherein each of the plurality of
pixel areas includes at least one sensing pixel.
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8. The microcirculation detection system as claimed in
claim 7, wherein the array energy distribution is an energy
value distribution, corresponding to a two dimensional space
of the plurality of pixel areas, of spectrum energies at a
predetermined frequency of the plurality of PPG signals.

9. The microcirculation detection system as claimed in
claim 8, wherein the oscillation of the arc-like pattern is an
energy amplitude oscillation at a position within the arc-like
pattern of the energy array distribution corresponding to at
least one of the plurality of pixel areas.

10. A microcirculation detection system, comprising:

a light source configured to irradiate light to illuminate a

skin area;
a heating device configured to heat the skin area;
atimer configured to count a heating period of the heating
device;
a photosensitive array configured to detect outgoing light
from the skin area and output a plurality of PPG
signals; and
a processing unit configured to
convert the plurality of PPG signals to an array energy
distribution,

identify a first arc-like pattern in the array energy
distribution at a first time point and a second arc-like
pattern in the array energy distribution at a second
time point, and

identify whether a frequency variation of an oscillation
frequency of oscillating between the first arc-like
pattern and second arc-like pattern has a peak respec-
tively within a first time interval and a second time
interval of the heating period.

11. The microcirculation detection system as claimed in
claim 10, wherein

the first time interval is between 2 and 5 minutes; and

the second time interval is between 10 and 15 minutes.

12. The microcirculation detection system as claimed in
claim 10, wherein a wavelength of the light is between 500
nm and 550 nm.

13. The microcirculation detection system as claimed in
claim 10, further comprising an indication device and the
processing unit is further configured to

control the indication device to generation an indication
when at least one of the first time interval and the
second time interval does not have the peak.

14. The microcirculation detection system as claimed in
claim 13, wherein the indication device is a display, and the
display is configured to show the frequency variation within
the heating period.

15. The microcirculation detection system as claimed in
claim 10, wherein the heating device comprises:
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a heating chamber configured to accommodate the skin
area; and

an infrared heat lamp disposed inside the heating chamber
and configured to heat the heating chamber.

16. The microcirculation detection system as claimed in
claim 10, wherein the photosensitive array comprises a
plurality of pixel areas arranged in a matrix and respectively
configured to output a brightness variation signal as one of
the plurality of PPG signals, wherein each of the plurality of
pixel areas includes at least one sensing pixel.

17. The microcirculation detection system as claimed in
claim 16, wherein the array energy distribution is an energy
value distribution, corresponding to a two dimensional space
of the plurality of pixel areas, of spectrum energies at a
predetermined frequency of the plurality of PPG signals.

18. A detection method of a microcirculation detection
system, the microcirculation detection system comprising a
light source, a heating device, a photosensitive array and a
processing unit, the detection method comprising:

lighting a skin area by the light source;
heating the skin area by the heating device;

detecting, by the photosensitive array, outgoing light from
the skin area and outputting a plurality of PPG signals;

converting, by the processing unit, the plurality of PPG
signals to an array energy distribution; and

recognizing, by the processing unit, a frequency variation
of an energy fluctuation, within a heating period, at a
predetermined position in the array energy distribution
and two peaks of the frequency variation in two pre-
determined intervals within the heating period.

19. The detection method as claimed in claim 18, wherein

the photosensitive array comprises a plurality of pixel
areas, and

the array energy distribution is an energy value distribu-
tion, corresponding to a two dimensional space of the
plurality of pixel areas, of spectrum energies at a
predetermined frequency of the plurality of PPG sig-
nals.

20. The detection method as claimed in ¢laim 19, wherein
the predetermined position is a position within the array
energy distribution corresponding to at least one of the
plurality of pixel areas and having the energy fluctuation
exceeding an energy threshold.
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