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INDIVIDUALIZED CONTROL SYSTEM

RELATED APPLICATIONS

[0001] The present application is a continuation-in-part
application of U.S. patent application Ser. No. 16/519,197
filed on, Jul. 23, 2019, which is a continuation-in-part
application of U.S. patent application Ser. No. 16/360,605
filed on, Mar. 21, 2019, which is a continuation-in-part
application of U.S. patent application Ser. No. 16/117,334
filed on, Aug. 30, 2018, which is a continuation-in-part
application of U.S. patent application Ser. No. 15/964,718
filed on, Apr. 27, 2018, which is a continuation-in-part
application of U.S. patent application Ser. No. 15/722,435
filed on, Oct. 2, 2017, which is a continuation-in-part
application of U.S. patent application Ser. No. 15/343,509
filed on, Nov. 4, 2016, which is a continuation-in-part
application of U.S. patent application Ser. No. 14/684,648
filed on, Apr. 13, 2015, and claims priority to Taiwanese
Application Number 103123544, filed Jul. 8, 2014, 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 a control sys-
tem and, more particularly, to an individualized control
system utilizing a biometric characteristic and an operating
method thereof.

2. Description of the Related Art

[0003] Pulse oximeters utilize a noninvasive method to
monitor the blood oxygenation and the heart rate of a user.
An optical pulse oximeter generally emits a red light beam
(wavelength of about 660 nm) and an infrared light beam
(wavelength of about 910 nm) to penetrate a part of the
human body and detects an intensity variation of the pen-
etrating 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
entitled “Method for spectrophotometric blood oxygenation
monitoring”. After the intensity variations, e.g. photopl-
ethysmographic signals or PPG signals, of the penetrating
light of the two wavelengths are detected, the blood oxy-
genation can then be calculated according to an equation:
Blood oxygenation=100%x[HbO,]/(|HbO,|+[Hb]),
wherein [HbO,] is an oxyhemoglobin concentration; and
[Hb] is a deoxyhemoglobin concentration.

[0004] Generally, the intensity variations of the penetrat-
ing light of the two wavelengths detected by a pulse oxi-
meter will increase and decrease with heartbeats. This is
because blood vessels expand and contract with the heart-
beats such that the blood volume that the light beams pass
through will change to accordingly change the ratio of light
energy being absorbed. Therefore, the absorptivity of blood
of different light spectra can be calculated according to the
intensity information changing continuously so as to calcu-
late PPG signals. By further analyzing the PPG signals,
biometric characteristics such as the heart rate variability
(HRV) and second derivative of photoplethysmogram (SD-
PPG) are obtainable.

[0005] In addition, another kind of electrode type biosen-
sor monitors the biometric characteristics such as the heart

Apr. 23,2020

rate variability (HRV), electroencephalography (EEG), gal-
vanic skin response (GSR), electrocardiogram (ECG) and
electromyography (EMG) by detecting bio-signals.

SUMMARY

[0006] Accordingly, the present disclosure provides an
individualized control system utilizing a biometric charac-
teristic and an operating method thereof, wherein the indi-
vidualized control system includes, for example, an intelli-
gent control system, a security control system and an
interactive control system.

[0007] The present disclosure provides a detection device
of an individualized control system including a portable
device and a wearable accessory. The portable device is
configured to detect a biometric characteristic or a user input
to identify a user ID according to the biometric characteristic
or the user input, and output an ID signal according to the
identified user ID. The wearable accessory is configured to
detect a respiration signal in a PPG signal, send a confirmed
signal after the ID signal is received and the respiration
signal is continuously detected, and not send the confirmed
signal when the respiration signal is not detected.

[0008] The present disclosure further provides a detection
device of an individualized control system including a
portable device and a wearable accessory. The portable
device is configured to detect a biometric characteristic or a
user input to identify a user 1D according to the biometric
characteristic or the user input, and output an ID signal
according to the identified user ID. The wearable accessory
is configured to detect an arc-like pattern in an energy
distribution associated with multiple photoplethysmogram
(PPG) signals, send a confirmed signal after the ID signal is
received and the arc-like pattern is continuously detected,
and not send the confirmed signal when the arc-like pattern
is not detected.

[0009] The present disclosure further provides an indi-
vidualized control system including a portable device and a
wearable accessory. The portable device is configured to
detect a biometric characteristic or a user input to identify a
user ID according to the biometric characteristic or the user
input, and output an ID signal according to the identified
user ID. The wearable accessory is configured to calculate a
signal-to-noise ratio (SNR) of a photoplethysmogram (PPG)
signal, send a confirmed signal after the ID signal is received
and the calculated SNR is continuously larger than an SNR
threshold, and not send the confirmed signal when the
calculated SNR is not larger than the SNR threshold.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] 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.

[0011] FIG. 1A is a block diagram of an individualized
control system according to one embodiment of the present
disclosure.

[0012] FIG. 1B is an operational schematic diagram of the
individualized control system of FIG. 1A.

[0013] FIG. 2A is a block diagram of an individualized
control system according to one embodiment of the present
disclosure.

[0014] FIG. 2B is an operational schematic diagram of the
individualized control system of FIG. 2A.
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[0015] FIG. 3A s a block diagram of a biometric detection
module according to one embodiment of the present disclo-
sure.

[0016] FIG. 3B is an operational schematic diagram of a
biometric detection module according to one embodiment of
the present disclosure.

[0017] FIG. 4 is a schematic diagram of a thin biometric
detection module according to one embodiment of the
present disclosure.

[0018] FIG. 5 is an upper view of the detection region of
a biometric detection module according to one embodiment
of the present disclosure.

[0019] FIGS. 6A and 6B are upper views of a biometric
detection module according to some embodiments of the
present disclosure.

[0020] FIGS. 7A and 7B are cross-sectional views of the
thin semiconductor structure of a biometric detection mod-
ule according to some embodiments of the present disclo-
sure.

[0021] FIG. 8 is a flow chart of an operating method of an
individualized control system according to one embodiment
of the present disclosure.

[0022] FIG. 9 is a schematic diagram of time-domain
SDPPG signal obtained according to a PPG signal detected
by a detection device according to one embodiment of the
present disclosure.

[0023] FIG. 10 is a schematic diagram of frequency-
domain SDPPG signal obtained according to a PPG signal
detected by a detection device according to one embodiment
of the present disclosure.

[0024] FIG. 11 is a block diagram of an individualized
control system adapted to a smart parking lot according to
another embodiment of the present disclosure.

[0025] FIG. 12 is a schematic diagram of a smart parking
lot according to an embodiment of the present disclosure.
[0026] FIGS. 13A and 13B are operational schematic
diagrams of an individualized control system according to
some embodiments of the present disclosure.

[0027] FIG. 14 it is a schematic diagram of a PPG signal
detected by a wearable accessory according to one embodi-
ment of the present disclosure.

[0028] FIG. 15 it is a schematic diagram of a respiration
signal retrieved from the PPG signal shown in FIG. 14.
[0029] FIG. 16A is a schematic diagram of an energy
distribution of the PPG signal shown in FIG. 14.

[0030] FIG. 16B is a schematic diagram of an energy
distribution of spectrum energy associated with PPG signals
of multiple pixels or pixel regions of a pixel array according
to one embodiment of the present disclosure.

[0031] FIGS. 17A and 17B are schematic diagrams of
arc-like patterns in the energy distributions according to
some embodiments of the present disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENT

[0032] Itshould be noted that, wherever possible, the same
reference numbers will be used throughout the drawings to
refer to the same or like parts.

[0033] The present disclosure provides an individualized
control system including a detection device and a control
host. The detection device is adaptable to a wearable and/or
portable accessory capable of being directly in contact with
a human body skin, such as a watch, a bracelet, a foot ring,
a necklace, eyeglasses, an earphone and a cell phone, but not
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limited thereto. The control host may include a micropro-
cessor unit (MCU) or a central processing unit (CPU) or may
be a computer system or a central control system. The
control host controls, directly or via internet, the operation
of a home appliance, a power system, a vehicle device, a
security system, a warning device or the like, wired or
wirelessly. The individualized control system of the present
disclosure detects at least one biometric characteristic of a
user through the detection device to be configured as a
reference for ID recognition, and an ID signal is sent to the
control host for individualized control, wherein said indi-
vidualized control may be the automatic control according to
the history record or the setting of the user, or the confir-
mation of the existence of the user so as to perform ON/OFF
of a predetermined device.

[0034] In some embodiments, the biometric characteristic
includes at least one of a blood oxygenation, a heart rate
variability (HRV) and a second derivative of photoplethys-
mogram (SDPPG), wherein said biometric characteristic
may be obtained by further processing PPG signals detected
by the detection device, and said processing is known to the
art and thus details thereof are not described herein. The
inventors noticed that the heart rate variability and the
second derivative of photoplethysmogram are different from
person to person such that the heart rate variability and the
second derivative of photoplethysmogram may be config-
ured as a reference for ID recognition. In addition, the blood
oxygenation changes with body conditions of a user, e.g.
corresponding variation occurring at a fatigue state, and thus
by continuously monitoring the blood oxygenation it is able
to implement an interactive control with the user according
to monitored results. The biometric characteristic further
includes fingerprint and/or facial feature, and the technique
of identifying an individual according to the detected fin-
gerprint and facial feature is known to the art, and thus
details thereof are not repeated herein.

[0035] Insome embodiments, corresponding to the control
system to which the control host is connected, said indi-
vidualized control includes at least one of a home appliance
control, a power system control, a vehicle device control, a
security system control and a warning device control.
[0036] For example, when the control host receives the ID
signal from the detection device, the control host may be
used to control the setting, adjustment, output strength,
directivity and ON/OFF of a home appliance so as to realize
an intelligent control; for example, the ON/OFF or emission
intensity of a light source at a specific region, the ON/OFF
or operation strength of an air conditioner at a specific
region, the channel selection of a television or an audio
player, but not limited thereto.

[0037] Forexample, when the control host receives the ID
signal from the detection device, the control host may be
used to control the ON/OFF of a power system so as to
realize an intelligent control; for example, the power supply
at a specific region or of a specific equipment, but not limited
thereto.

[0038] Forexample, when the control host receives the ID
signal from the detection device, the control host may be
used to control the setting, adjustment, output strength,
directivity and ON/OFF of a vehicle device so as to realize
an intelligent control; for example, the door lock operation,
the strength and wind direction of an air conditioner, the
position setting of a chair, the angle setting of a mirror, the
channel setting of a radio, but not limited thereto.
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[0039] For example, when the control host receives the ID
signal from the detection device, the control host may be
used to control the ON/OFF of a security system so as to
realize a security control, for example, the setting of
entrance control, the rise/fall of a gate, the ON/OFF of a
monitoring system, but not limited thereto.

[0040] For example, when the control host receives the ID
signal from the detection device, the control host may be
used to control the ON/OFF of a warning system so as to
realize an interactive control; for example, the prompting of
history records, the fatigue warning, but not limited thereto.
In this embodiment, after identifying a user according to the
heart rate variability and second derivative of photoplethys-
mogram, the control host then accesses the record of blood
oxygenation associated with the user and starts to monitor
continuously. When a variation of the blood oxygenation
being monitored indicates a fatigue state, a fatigue warning
is provided, e.g. using audio, image, light, vibration or the
like without particular limitations. It is appreciated that
according to different ways of warning, the control host
correspondingly controls the required device such as a
speaker, a display device, a light source, a vibrator and so on.
[0041] Referring to FIGS. 1A and 1B, FIG. 1A is a block
diagram of an individualized control system according to
one embodiment of the present disclosure and FIG. 1B is an
operational schematic diagram corresponding to FIG. 1A,
wherein a portable device, e.g. a cell phone, is shown as the
detection device herein, but the present disclosure is not
limited thereto.

[0042] The individualized control system of this embodi-
ment includes a detection device 1 and a control host 9. The
detection device 1 is configured to detect a biometric char-
acteristic to identify a user identification (ID) according to
the biometric characteristic, and output an ID signal accord-
ing to the user ID. The control host 9 is configured to receive
the 1D signal to perform an individualized control, e.g. the
above intelligent control, security control and/or interactive
control, associated with the user ID according to the ID
signal.

[0043] Inthis embodiment, the detection device 1 includes
a biometric detection module 10, an 1D recognition module
12, an access device 14 and an output interface 16. In one
embodiment, the detection device 1 is configured to detect
a biometric signal Sy, (i.e. PPG signals) from a skin surface
to be sent to the ID recognition module 12. In another
embodiment, the detection device 1 directly processes the
biometric signal to generate a biometric characteristic, e.g.
the above heart rate variability and/or second derivative of
photoplethysmogram, to be sent to the ID recognition mod-
ule 21.

[0044] The ID recognition module 21 then compares the
biometric characteristic with pre-stored biometric character-
istic information so as to identify a user ID. If the ID
recognition module 21 receives the biometric signal Sy, the
ID recognition module 21 firstly processes the biometric
signal Sy, so as to generate the biometric characteristic and
then performs the comparison so as to generate an ID signal
Sp. If the ID recognition module 21 receives the biometric
characteristic, the biometric characteristic is directly com-
pared so as to generate the ID signal S.

[0045] The access device 14 stores the information of the
blood oxygenation, heart rate variability and second deriva-
tive of photoplethysmogram associated with the user 1D,
wherein the information may be previously stored in a data
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construction procedure before operation (e.g. in a first
startup) and updated according to new data detected during
operation. The access device 14 may include a database 142
for storing the biometric characteristic information of one or
a plurality of users. In addition, the access device 1 may
access the biometric characteristic information associated
with the user ID from an external database via internet; i.e.
the database 142 may be at external of the access device 14.
[0046] The output interface 16 is preferably a wireless
transmission interface, e.g. Bluetooth interface, microwave
communication interface or the like, and is configured to
output the ID signal S, to the control host 9. For example,
the ID signal S, includes at least one ID bit configured to
indicate 1D information of the user, e.g. “1” indicating a
valid ID and “0” indicating an invalid ID, but not limited
thereto.

[0047] In this embodiment, the detection device 1 may be
a portable device utilizing an optical detection method to
detect the biometric characteristic (illustrated by examples
below), wherein said optical method is referred to detecting
PPG signals and obtaining the blood oxygenation, heart rate
variability and/or second derivative of photoplethysmogram
according to the PPG signals.

[0048] Referring to FIGS. 2A and 2B, FI1G. 2A is a block
diagram of an individualized control system according to
another embodiment of the present disclosure and FIG. 2B
is an operational schematic diagram corresponding to FIG.
2A, wherein the detection device 1' includes a portable
device (e.g. shown as a cell phone herein) and a wearable
accessory (shown as a bracelet herein), but the present
disclosure is not limited thereto.

[0049] In one embodiment, the bracelet and the portable
device detect the biometric characteristic using the optical
detection method. For example, the bracelet includes a
biometric detection module 10' and a transmission interface
16', wherein the biometric detection module 10' is config-
ured to detect a first biometric signal Sg,, e.g. PPG signals.
The transmission interface 16' sends the first biometric
signal Sz, to the portable device by wireless communication,
e.g. Bluetooth communication. It is appreciated that the
bracelet further includes a power module configured to
provide the power required in operation. As mentioned
above, the wearable accessory may be a watch, a foot ring,
a necklace, eyeglasses or an earphone. In one embodiment,
the bracelet may process the first biometric signal Sy, at first
so as to generate at least one biometric characteristic, and the
transmission interface 16' transmits the biometric character-
istic to the portable device wirelessly.

[0050] The portable device includes the ID recognition
module 12, a receiving interface 13, the access device 14 and
the output interface 16, wherein operations of the ID rec-
ognition module 12, the access device 14 and the output
interface 16 are identical to those in the descriptions of FIG.
1A and thus details thereof are not repeated herein. After the
receiving interface 13 receives the first biometric signal Sz,
from the transmission interface 16', the ID recognition
module 12 generates a biometric characteristic according to
the first biometric signal S,, compares the biometric char-
acteristic with pre-stored biometric characteristic informa-
tion to identify a user 1D, and outputs an ID signal S,
through the output interface 13 according to the user ID. As
mentioned above, the biometric characteristic information
may be previously stored in a database inside or outside of
the access device 14. When the receiving interface 13
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receives the biometric characteristic from the transmission
interface 16', the ID recognition module 12 directly com-
pares the received biometric characteristic with the pre-
stored biometric characteristic information so as to identify
a user ID.

[0051] In some embodiments, the portable device may
include a detection module 10 configured to detect a second
biometric signal Sg,, and the ID recognition module 12
identifies which of the first biometric signal Sz, and the
second biometric signal Sz, is better, e.g. having a higher
signal-to-noise ratio (SNR), and the better one is used in the
following operation.

[0052] The control host 9 then performs an individualized
control associated with the user ID according to the received
1D signal S,, wherein the individualized control has been
described above and thus details thereof are not repeated
herein.

[0053] In another embodiment, the bracelet and the por-
table device detect the biometric characteristic using an
electrode detection method. For example, the bracelet and
the portable device respectively have an electrode, and the
bracelet is configured to detect a bio-electrical signal (e.g.
the first biometric signal Sy, ) from a left hand (or right hand)
to be sent to the portable device. The portable device is
configured to detect another bio-electrical signal (e.g. the
second biometric signal S;,) from the right hand (or left
hand). The portable device (e.g. the ID recognition module
12) generates the heart rate variability (HRV) according to
the first biometric signal Sz, and the second biometric signal
Sz, to be configured as a reference data for ID recognition,
wherein the principle of said electrode detection method is
known to the art. As mentioned above, as the inventors
noticed that the HRV is different from person to person, it
may be adapted to the ID recognition. In addition, when the
bracelet is replaced by a foot ring, a necklace, eyeglasses or
an earphone, the detected positions are not limited to left and
right hands.

[0054] Next, the operation of the optical biometric detec-
tion module 10 and 10' in the present embodiment is
illustrated below, but the present disclosure is not limited
thereto.

[0055] Referring to FIG. 3A, it is a block diagram of a
biometric detection module according to one embodiment of
the present disclosure. The biometric detection module
includes a light source module 101, a detection region 103 A,
a control module 106 and a power module 109. The detec-
tion module 10 is configured to detect at least one biometric
characteristic, e.g. a heart rate variation, a blood oxygen-
ation and/or a second derivative of photoplethysmogram,
from a skin surface S via a detection surface Sd thereof,
wherein the principle of detecting the heart rate variation,
the blood oxygenation and the second derivative of photop-
lethysmogram according to PPG signals is known to the art
and thus details thereof are not described herein. The power
module 109 is configured to provide power required by the
detection module 10 in operation. It should be mentioned
that the power module 109 may directly use a power module
of the portable device, i.e. the power module 109 may be
outside of the detection module 10.

[0056] The light source module 101 includes, for example,
at least one light emitting diode, at least one laser diode, at
least one organic light emitting diode or other active light
sources and is configured to emit red light and/or infrared
light in a time division manner to illuminate the skin surface
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S, wherein the skin surface S is different according to
different implementations of the detection device 1. In one
embodiment, the light source module 101 includes a single
light source whose emission spectrum is changeable by
adjusting a driving parameter (such as the driving current or
driving voltage) so as to emit red light and infrared light,
wherein the red light and the infrared light are those gen-
erally used in the biometric detection. In another embodi-
ment, the light source module 101 includes a red light source
and an infrared light source configured to emit red light and
infrared light, respectively. It is possible to use other light
sources capable of emitting invisible light to illuminate the
skin surface S as long as the biometric characteristic is
detectable by analyzing the detected light signal. The invis-
ible light does not bother the user during operation.

[0057] The detection region 103A is, for example, a semi-
conductor detection region which includes a plurality of
detection pixels each including at least one photodiode
configured to convert optical energy to electric signals. The
detection region 103A is configured to detect penetrating
light emitted from the light source module 101 for illumi-
nating the skin surface S and passing through body tissues
so as to correspondingly generate a red light signal and/or an
infrared light signal, wherein the red light signal and the
infrared light signal are photoplethysmographic signals or
PPG signals. When the invisible light source is used, the
detection region 103 A generates corresponding light signals.

[0058] The control module 106 is configured to control the
light source module 101 to emit light in a time division
manner and corresponding to the light detection of the
detection region 103A, as shown in FIG. 3B, wherein the
signal sequence shown in FIG. 3B is only intended to
illustrate but not to limit the present disclosure. The control
module 106 may directly calculate the biometric character-
istic according to at least one of the red light signal and the
infrared light signal, or may transmit the red light signal and
the infrared light signal directly to the ID recognition
module 12 to allow the ID recognition module 12 to calcu-
late the biometric characteristic.

[0059] FIG. 4 shows a thin biometric detection module
according to one embodiment of the present disclosure,
which includes at least one light source module 101, a
substrate 102, a plurality of detection pixels 103 and a
plurality of contact points 105, wherein the detection pixels
103 form an optical semiconductor detection region 103A,
which has a thin semiconductor structure 104 (further illus-
trated in FIGS. 7A and 7B). The contact points 105 are
configured to electrically connect the optical semiconductor
detection region 103A to the substrate 102 for being con-
trolled by a control module 106 (as shown in FIG. 3A),
wherein the detection pixels 103 may be arranged in a chip
201 and the contact points 105 are configured as outward
electrical contacts of the chip 201. The light source module
101 is also electrically connected to the substrate 102, and
the control module 106 is configured to control the light
source module 101 to illuminate the skin surface S such that
emitted light may enter the body tissues (e.g. the part of
human body corresponding to the detection device) of a user.
Meanwhile, the control module 106 is also configured to
control the detection pixels 103 to detect light transmitting
out from the body tissues. As vessels and blood in the body
tissues have different optical properties, by arranging spe-
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cific light source the biometric characteristic may be iden-
tified according to optical images detected by the detection
pixels 103.

[0060] More specifically, the control module 106 may be
integrated in the chip 201 or disposed on the substrate 102
(on the same or different surfaces of the substrate 102 with
respect to the chip 201) and configured to control the light
source module 101 and the optical semiconductor detection
region 103A. The substrate 102 has a substrate surface 1023
on which the chip 201 and the light source module 101 are
disposed. In this embodiment, in order to effectively reduce
the total size, a relative distance between the chip 201 and
the light source module 101 is preferably smaller than 8
millimeters.

[0061] In some embodiments, the contact points 105 may
be the lead frame structure. In other embodiments, the
contact points 105 may be bumps, the ball grid array or wire
leads, but not limited thereto.

[0062] In some embodiments, an arca of the detection
region 103A is larger than 25 mm®. The optical semicon-
ductor detection region may successively capture images at
a frame rate higher than hundreds of frames per second. For
example, the control module 106 may control the optical
semiconductor detection region to capture optical images at
a frame rate higher than 300 frames per second and control
the light source module 101 to emit light corresponding to
the image capturing.

[0063] FIG. 5 is an upper view of the optical semicon-
ductor detection region 103 A according to one embodiment
of the present disclosure. In the application of detecting
biometric characteristics, e.g. the blood oxygenation, the
heart rate variation and the second derivative of photopl-
ethysmogram, as the skin surface S does not have a fast
relative movement with respect to the detection surface Sd,
a size of the detection region 103A does not obviously affect
the detected result. FIG. 5 shows the detection region 103A
as a rectangular shape, and a ratio of the transverse and
longitudinal widths may be between 0.5 and 2. Accordingly,
no matter which of the biometric characteristics such as the
vein texture, blood oxygenation, heart rate variation, blood
pressure or second derivative of photoplethysmogram of a
user is to be detected, the user only needs to attach the
detection region 103A to the skin surface S. An area of the
detection region 103A is at least larger than 25 mm>.
[0064] FIGS. 6A and 6B are upper views of a thin bio-
metric detection module according to some embodiments of
the present disclosure, which show the arrangement of light
sources and the application using a plurality of light sources.
In FIG. 6A, the light source module 101 is shown to be
arranged at one side of a plurality of detection pixels 103 and
electrically connected to the substrate 102. Tt should be
noted that in this embodiment, although the light source
module 101 is arranged at one side of the detection pixels
103, as the light may penetrate into the body tissues of the
user, the position of the light source module does not affect
a direction of the detection device as long as the skin surface
is continuously illuminated by the light source module
during the detection process.

[0065] In FIG. 6B, two different light sources 101a and
1015 are shown. In this embodiment, the term “different
light sources” is referred to the light sources emitting light
of different wavelengths. As different components in the
body tissues have different optical responses toward differ-
ent light wavelengths, e.g. having different absorptions, by
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detecting different light sources the biometric characteristic
associated with the light wavelengths may be derived and
the carrection may be performed according to the detected
images associated with different light sources so as to obtain
more correct detected results. For example, the oxygen
component in the blood has different absorptions associated
with different light colors, and thus by detecting the energy
of different light colors the blood oxygenation may be
derived. In other words, the thin biometric detection module
according to some embodiments of the present disclosure
may include two light sources 101a and 1015 respectively
emitting light of different wavelengths, e.g. red light and
infrared light. And the optical semiconductor detection
region may include two types of detection pixels configured
to respectively detect different light wavelengths emitted
from the light sources.

[0066] For example, if a blood oxygenation is to be
detected, two light wavelengths close to the absorption
wavelength 805 nm of HbO, and Hb may be selected, e.g.
about 660 nm and 940 nm. Or the light wavelength between
730 nm and 810 nm or between 735 nm and 895 nm may be
selected. The blood oxygenation may be derived according
to the difference of light absorption of blood between the
two light wavelengths, and the related detection technology
is well known to the art and thus details thereof are not
described herein.

[0067] According to FIGS. 6A and 6B, it is known that a
plurality of light sources may be adopted in the present
disclosure and is not limited to use only a single light source
or two light sources. Furthermore, according to the biomet-
ric characteristic to be detected, different detection pixels
may be arranged corresponding to more light sources, and
positions of the light sources do not have particular limita-
tions. In the thin structure, the biometric detection module of
the present disclosure may be applied to detect various
biometric characteristics. Different light sources may also be
adopted in order to detect biometric characteristics. If it is
desired to acquire uniform images, identical light sources
may be arranged at both sides of same detection regions such
that light may enter the body tissues from two sides of the
same detection regions.

[0068] FIGS. 7A and 7B are cross-sectional views of the
optical semiconductor detection region according to some
embodiments of the present disclosure, which are partial
schematic diagrams of the thin semiconductor structure 104.
FIG. 7A is an embodiment in which a planar layer 203 also
has the abrasion resistant ability. For example, the planar
layer 203 made of polyimide material may have enough
abrasion resistant ability to be adapted to the present dis-
closure. That is, the planar layer 203 is also configured as an
abrasion resistant layer herein. The planar layer 203 is
formed on the top of the chip structure 201 and on the chip
surface 2018 to overlay the optical semiconductor detection
region for protecting the semiconductor structure 104. As
the top of the chip structure 201 may have many convexes
and concaves (as shown in the figure) after the metal layer
and the electrode are formed thereon according to the
semiconductor layout, the non-uniform surface has a nega-
tive effect to the optical detection and a weaker weather-
proof ability. Accordingly, the planar layer 203 is formed on
the top to allow the thin semiconductor structure 104 to have
a flat surface to be suitable to the present disclosure. In the
present disclosure, as the thin semiconductor structure 104
is exposed to air and directly in contact with the user’s body
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frequently, a better abrasion resistant ability is required. In
the semiconductor manufacturing technology nowadays, the
polyimide-based material may be selected as the abrasion
resistant material. Meanwhile, the planar layer 203 is pref-
erably transparent to visible or invisible light corresponding
to the selection of the light source. In addition, the abrasion
resistant material may be glass material or the like. For
example, the abrasion resistant layer is a glass layer.
[0069] It should be noted that in order to reduce the
diffusion of light to blur the image when passing through the
planar layer 203, preferably a distance from the surface of
the semiconductor structure 104 to the surface of the chip
structure 201, i.e. a thickness of the planar layer 203 herein,
is limited to be smaller than 100 micrometers. That is, a
distance from the chip surface 2018 to an upper surface of
the planar layer 203 (i.e. the abrasion resistant layer) is
preferably smaller than 100 micrometers. When detecting
the biometric characteristic, the upper surface of the planar
layer 203 is configured as the detection surface Sd to be
directly in contact with a skin surface S such that light
emitted from the light source module 101 directly illumi-
nates the skin surface S and sequentially passes through the
body tissues and the planar layer 203 to be detected by the
optical semiconductor detection region. In one embodiment,
a distance between an emission surface of the light source
module 101 and the substrate surface 102S is identical to a
distance between the upper surface of the planar surface 203
and the substrate surface 102S. That is, when the emission
surface of the light source module 101 and the upper surface
of the planar surface 203 have an identical height, the light
emitted by the light source module 101 efficiently passes
through the skin surface to enter the part of human body and
is detected by the optical semiconductor detection region.
[0070] The difference between FIG. 7B and FIG. 7A is that
the planar layer 203 in FIG. 7B does not have enough
abrasion resistant ability, and thus another abrasion resistant
layer 205 is formed upon the planar layer 203. Similarly, in
order to reduce the diffusion of light when passing through
the planar layer 203 and the abrasion resistant layer 205, in
this embodiment a total thickness of the planar layer 203 and
the abrasion resistant layer 205 is preferably limited to be
smaller than 100 micrometers. In this embodiment, the
planar layer 203 may be any material without considering
the abrasion resistant ability thereof and the abrasion resis-
tant layer 205 may be made of polyimide-based abrasion
resistant material. In addition, the abrasion resistant material
may be glass material or the like. For example, the abrasion
resistant layer is a glass layer.

[0071] In some embodiments, it is possible to arrange a
plurality of detection regions, e.g. arranging a plurality of
linear detection regions along a predetermined direction or
inserting a plurality of light sources between the linear
detection regions. For example, the linear optical semicon-
ductor detection regions may be arranged adjacent to each
other, or the linear optical semiconductor detection regions
and the light sources may be arranged alternatively so as to
obtain a better optical imaging. As the detection principle is
not changed, details thereof are not described herein.
[0072] Said substrate 102 is configured to electrically
connect the light source module 101 and the detection pixels
103 and to allow the light source module to emit light to
enter the body tissues, and the substrate may be a flexible
soft substrate or a hard substrate made of hard material
without particular limitations.
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[0073] 1In the embodiment of a thin type structure, the
optical semiconductor detection region may be directly
attached to the skin surface of a user without other optical
mechanism(s) to perform the image scaling and the light
propagation. And thin and durable features thereof are
suitable to be applied to wearable accessories.

[0074] In some embodiments, according to the adopted
light source, different light filters may be formed during
manufacturing the detection pixels to allow the desired light
to pass through the filters and to be received by the detection
pixels. The filters may be formed in conjunction with the
semiconductor manufacturing process on the detection pix-
els using the conventional technology or formed on the
detection pixels after the detection pixels are manufactured.
In addition, by mixing filtering material in a protection layer
and/or a planar layer, the protection layer and/or the planar
layer may have the optical filter function. That is, in the
embodiment of the present disclosure, said different detec-
tion pixels is referred to the detection pixels with different
light filters but not referred to the detection pixels with
different structures.

[0075] Itis appreciated that in order to reduce the size, the
biometric detection module 10 and 10' are illustrated by the
embodiment shown in FIG. 4, but the present disclosure is
not limited thereto. In some embodiments, other optical
mechanism(s) may be disposed between the light source
module 101 and the skin surface S to be detected and/or
between the detection region 103 A and the skin surface S to
be detected according to different applications.

[0076] Referring to FIG. 8, it is a flow chart of an
operating method of an individualized control system
according to one embodiment of the present disclosure,
which includes the steps of: detecting, using a detection
device, a biometric characteristic (Step Ss,); comparing the
biometric characteristic with pre-stored biometric character-
istic information to identify a user ID (Step Ss,); and
performing, using a control host, an individualized control
according to the user ID (Step S.,).

[0077] Steps Ss;: If the detection device 1 is a portable
device, the portable device directly detects the biometric
characteristic and performs the 1D recognition. If the detec-
tion device 1' includes a portable device and a wearable
accessory (e.g. foot ring, bracelet, watch, necklace, eye-
glasses or earphone), the operating method further includes
the steps of: detecting, using the wearable accessory, a
biometric signal (Step Ss;,); transmitting the biometric
signal from the wearable accessory to the portable device
(Step Ss,,); and generating, using the portable device, the
biometric characteristic according to the biometric signal
(Step S5, ;). In another embodiment, the wearable accessory
may directly generate the biometric characteristic to be sent
to the portable device, wherein the wearable accessory and
the portable device are coupled to each other by Bluetooth
communication.

[0078] Steps S,,: The portable device may directly com-
pare the biometric characteristic with the pre-stored biomet-
ric characteristic information stored therein or compare the
biometric characteristic with the biometric characteristic
information pre-stored externally via internet. It is appreci-
ated that the portable device has the function of connecting
to the internet.

[0079] Step Sss: After the user ID is recognized, the
portable device transmits, through wireless transmission, an
1D signal Sy to a control host so as to perform an individu-
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alized control, e.g. the above intelligent control, security
control and/or interactive control.

[0080] In addition, the biometric characteristic informa-
tion stored in the database may be automatically updated
with the operation of the user so as to maintain the accuracy
of the ID recognition.

[0081] The individualized control system of embodiments
of the present disclosure is adaptable for electricity control
of a large area, e.g., controlling the on/off and strength of
illumination lights, the on/off and strength of air condition-
ers and/or the on/off of monitoring cameras in partial area(s)
of the whole large area according to the identified user ID to
fulfill the requirements of the energy conservation and
carbon reduction.

[0082] For example, in a smart parking lot including a
plurality of illumination lights and monitoring cameras, the
illumination lights and monitoring cameras are arranged
corresponding to a plurality of parking spaces and passways,
e.g., at least one illumination light arranged corresponding
to one parking space, and one illumination light arranged
every a predetermined distance at the passway going to the
one parking space. The control host 9 of the individualized
control system controls the operation of a entrance gate of
the smart parking lot, the operation of illumination lights and
monitoring cameras in an area of a specific parking space
associated with a specific user (i.e. the identified user ID),
the operation of illumination lights and monitoring cameras
in an area of a specific passway to the specific parking space,
e.g., the passway from the entrance gate to the specific
parking space and from the specific parking space to an
elevator entrance.

[0083] The control host 9 is arranged, for example, near
the entrance gate and/or the elevator entrance of the smart
parking lot for receiving ID signal Sp from the detection
device 1, 1' when the detection device 1, 1' enters a detecting
range of the control host 9. Accordingly, when the detection
device 1, 1' identifies, e.g., according to characteristic cod-
ing, the biometric characteristic of a current user belonging
to a specific user (e.g., by comparing with pre-stored char-
acteristic coding in the database 142), the ID signal Sp
associated with the specific user is then wired or wirelessly
sent to the control host 9. After receiving the ID signal Sp,
the control host 9 opens the entrance gate, turns on the
illumination light(s) and monitoring camera(s) in an area of
a specific parking space associated with the specific user,
turns on the illumination light(s) and monitoring camera(s)
in an area of a passway to the specific parking space, and
keeps the illumination lights and monitoring cameras in the
rest areas being turned off such that most of illumination
lights and monitoring cameras in the smart parking lot are
turned off and only those arranged in areas to be used by the
specific user are turned on to effectively save power and
improve the control performance.

[0084] As mentioned above, the detection device 1, 1' has
database 142 which previously stores information of a
specific parking space and a passway to the specific parking
space respectively associated with each of a plurality of
system user IDs. For example, a first user ID is previously
recorded to use a first parking space and a first specific
passway to the first parking space; a second user ID is
previously recorded to use a second parking space and a
second specific passway to the second parking space; and so
on. In one embodiment, the ID signal Sp includes multiple
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bits to indicate information of the specific parking space and
the specific passway to the specific parking space.

[0085] In other embodiments, the database 142 is included
in the control host 9. The detection device 1, 1' recognizes
a current user ID and sends an ID signal Sp associated with
the current user ID to the control host 9. The control host 9
then reads control information of the illumination lights, air
conditioners and cameras from the database 142 therein
according to the received ID signal Sp.

[0086] As illustrated in one embodiment above, the detec-
tion device is composed of a wearable accessory (e.g., a
bracelet) and a portable device (e.g., a cell phone). The
wearable accessory is used to detect light signals (e.g., red
light signal and infrared light signal). The portable device
wirelessly receives raw data of the light signals from the
wearable accessory and generates PPG signals, time-domain
signals and/or frequency-domain signals of SDPPG (refer-
ring to FIGS. 9 and 10). The portable device compares
current time-domain signals and/or frequency-domain sig-
nals of SDPPG (associated with a current user) with pre-
stored characteristic coding of SDPPG to perform the ID
recognition. Once a user 1D is identified to be one of a
plurality of users recorded in the database 142, the corre-
sponding control associated with the identified user ID is
executed by the control host 9.

[0087] Nowadays, SDPPG is often used for indicating the
arterial stiffness, but is not used as a tool for recognizing a
user ID. The SDPPG is obtained by performing a second
derivative on the PPG signal (e.g., the red and/or infrared
PPG signal) detected by the detection device 1, 1'. Corre-
sponding to different users, characteristic parameters or
vectors of the SDPPG are respectively coded as character-
istic coding to be stored in the database 142 previously,
wherein the characteristic parameters or vectors include, for
example, characteristic values of time-domain signals and/or
frequency-domain signals of the SDPPG.

[0088] Referring to FIGS. 9 and 10, FIG. 9 is a schematic
diagram of time-domain SDPPG signal obtained according
to a PPG signal detected by a detection device according to
one embodiment of the present disclosure, and FIG. 10 is a
schematic diagram of frequency-domain SDPPG signal
obtained according to a PPG signal detected by a detection
device according to one embodiment of the present disclo-
sure. The PPG signal detected by the detection device 1, 1'
is an oscillating signal in time domain, and thus the SDPPG
obtained thereby also oscillates with time as shown in FIG.
9. It is appreciated that if the detection device 1, 1' performs
the ID recognition according to the frequency-domain signal
of SDPPG, the detection device 1, 1' further includes a
frequency conversion unit for converting the time-domain
signal in FIG. 9 to the frequency-domain signal in FIG. 10.
The frequency conversion unit is implemented by software,
hardware or a combination thereof. As mentioned above,
corresponding to different users (or user IDs), the detection
device 1, 1' obtains different time-domain signals and fre-
quency-domain signals of SDPPG This difference is coded
and used as a way to distinguish different users in the present
disclosure.

[0089] In the data construction procedure before opera-
tion, the detection device 1, 1' is operated to take at least one
distance (i.e. time difference) as well as magnitude differ-
ence or ratio between time-domain signal peaks of SDPPG
as characteristics to be coded, e.g., taking (H1, H2, T1, T2)
or (H2/H1, T1, T2) as characteristic coding, and store one
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characteristic coding corresponding to each of multiple
system users, wherein H1, H2, T1, T2, H2/H1 are digital
codes with 2 bits, 4 bits or more bits. In operation, when the
detection device 1, 1' detects the time-domain signal of
SDPPG of a current user (e.g., shown in FIG. 9), the
characteristic coding of SDPPG of the current user is
generated and compared with the pre-stored characteristic
coding associated with a plurality of users to perform the ID
recognition. More specifically, the characteristic coding of
SDPPG includes at least one time difference (e.g., T1, T2)
and at least one amplitude difference (e.g., H1, H2) between
time-domain signal peaks of SDPPG. In this embodiment,
one of the time-domain signal peaks is a maximum peak
within one of repeatedly successive second derivative of
photoplethysmograms calculated by the detection device 1,
1', e.g., the first peak shown to have a maximum value in
FIG. 9. It is appreciated that the pre-stored characteristic
coding in the database 142 may be automatically updated
each time the associated user ID is identified.

[0090] To increase the identification accuracy, in the data
construction procedure the detection device 1, 1' further
takes at least one distance (i.e. frequency difference) as well
as intensity difference or ratio between frequency-domain
signal peaks of SDPPG as characteristics to be coded, e.g.,
taking (M1, M2, {1, £2) or (M2/M1, {1, £2) as characteristic
coding, and stores one characteristic coding corresponding
to each of multiple system users, wherein M1, M2, f1, {2,
M1/M2 are digital codes with 2 bits, 4 bits or more bits.
More specifically, the characteristic coding further includes
at least one frequency difference (e.g., f1, 2) and at least one
intensity difference (e.g., M1, M2) between frequency-
domain signal peaks of SDPPG, wherein one of the fre-
quency-domain peaks has a maximum intensity value. In
other embodiments, the detection device 1, 1' performs the
ID recognition only according to the frequency characteris-
tic coding without according to the time characteristic
coding.

[0091] In addition, the conventional machine learning or
rule based method may be used to perform the characteristic
learning and categorizing on the time-domain and/or fre-
quency-domain signals of SDPPG to identify characteristic
parameters or vectors corresponding to different users.
Accordingly, when the current PPG signal of a current user
is detected by the detection device 1, 1', the detection device
1, 1' performs the characteristic analyzing on SDPPG
obtained from the detected current PPG signal and compares
the analyzed result with pre-stored characteristic parameters
or vectors (e.g., characteristic coding) in the database 142 to
recognize the user ID of the current user. Corresponding
control is then executed.

[0092] It is appreciated that a number and values of
characteristic values in FIGS. 9 and 10 are only intended to
illustrate but not to limit the present disclosure.

[0093] In another embodiment, in addition to controlling
the illumination lights at a specific parking space and
passway associated with the identified user ID, the individu-
alized control system of the present disclosure is further
used to perform the vehicle autopilot in the smart parking lot
after a vehicle entering the gate.

[0094] Referring to FIG. 11, it is a block diagram of an
individualized control system adapted to a smart parking lot
according to another embodiment of the present disclosure.
The individualized control system herein also includes a
detection device 1 and a control host 9 as FIGS. 1A and 2A.

Apr. 23,2020

The detection device 1 and the control host 9 perform
identical operations mentioned above, e.g., controlling the
parking lot system including lights, cameras and/or gates.
Furthermore, the control host 9 in this embodiment has an
autopilot controller 901 used to automatically guide a car to
a specific parking space, which is determined according to
the ID signal Sp received from the detection device 1,
through the associated passway. The autopilot controller 901
is integrated in a CPU, MCU or ASIC of the control host 9.

[0095] In this embodiment, the database 142 is shown to
be included in the control host 9, but not limited to. The
database 142 also previously stores information of a specific
parking space and a passway to the specific parking space
respectively associated with each of a plurality of user IDs.
When a current user 1D, which is associated with the ID
signal Sp from the detection device 1, matches a predeter-
mined user ID previously stored in the database 142, the
autopilot controller 901 of the control host 9 automatically
guides, e.g., by wirelessly sending an autopilot signal Sap,
a car to the specific parking space associated with the
specific user ID according to the received ID signal Sp. The
autopilot signal Sap includes information of moving speed
and moving direction.

[0096] Itis appreciated that, in this embodiment, the car to
be guided by the autopilot controller 901 has an autopilot
mode. Referring to FIG. 12, it is a schematic diagram of a
smart parking lot according to an embodiment of the present
disclosure. For example, the specific user sitting in the car
pushes a button or selects to enter the autopilot mode, and
the car transmits an autopilot permission signal Sapp to the
control host 9 to construct a wirelessly communication
between the car and the control host 9. Then, the control host
9 starts to send the autopilot signal Sap to automatically
guide the car after receiving the autopilot permission signal
Sapp from the car.

[0097] The vehicle autopilot is implemented by suitable
ways. For example, the control host 9 analyzes pictures
captured by multiple cameras, e.g., 94, or signals detected by
RFID tags in the smart parking lot to determine a current
position of the car, and the control host 9 sends commands
(e.g., autopilot signal Sap), which contains a moving speed,
amoving direction, a target parking space and the associated
passway, to the car to lead the car to the target parking space.
The control host 9 automatically monitors the movement of
all cars in the smart parking lot by the cameras 94 or the
RFID tags. The arrangement of the RFID tags is known to
the art and thus details thereof are not described herein.

[0098] In another example, the smart parking lot further
comprises a plurality of directing lights 93 arranged on the
floor and/or walls. The control host 9 analyzes pictures
captured by multiple cameras, e.g., 94, or signals detected by
RFID tags in the smart parking lot to determine a current
position of the car, and the control host 9 sequentially turns
on the directing lights 93 in the passway to guide the car to
the target parking space. In this example, the car is arranged
with at least one camera each having a field of view FV for
taking pictures around the car. The car has a processing unit
such as a CPU, MCU or ASIC in the vehicle central control
to analyze the captured pictures, e.g., identifying images of
the directing lights 93 in the pictures to determine the
moving direction and moving speed, such that the car is
navigated to the target parking space by following the
lighted directing lights 93 in the passway.
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[0099] Tt is possible to use other autopilot methods to
automatically guide the car to the specific parking space as
long as the car has a function to communicate with the
control host 9 to allow the control host 9 to direct the car in
a suitable way to the specific parking space which is
confirmed by accessing the database 142 according to the ID
signal sent from the detection device 1.

[0100] In the above embodiments, the ID signal Sp is
associated with a user and identified according to the bio-
metric characteristic of the user. In an alternative embodi-
ment, the ID signal Sp is associated with a device instead of
a user, i.e. the ID signal Sp indicating a device ID. This
embodiment is for a scenario that one car is used by several
people but using the same portable electronic device. Of
course, it is possible that said several people have different
portable electronic devices only said different portable elec-
tronic devices all being registered in the individualized
control system previously. For example, each portable elec-
tronic device is registered in the individualized control
system using Bluetooth linkage and the device ID is
recorded in the database 142 previously.

[0101] Accordingly, in this embodiment, the portable elec-
tronic device is used to wirelessly send an 1D signal Sp
associated with the portable electronic device, which has
been previously recorded in the database 142 of the indi-
vidualized control system. For example, when the commu-
nication is implemented by wireless technique, a linkage is
automatically or manually setup when the car enters a link
range. Similarly, the database 142 in this embodiment pre-
viously stores information of a specific parking space and a
passway to the specific parking space respectively associ-
ated with each of a plurality of device IDs. The host
controller 9 wirelessly receives the ID signal Sp from the
portable electronic device, accesses the database 142 to
identify a current device ID associated with the received ID
signal Sp; and turns on the illumination lights in areas of the
specific parking space and the passway associated with the
current device ID according to the received ID signal Sp. Tt
is appreciated that when the current device ID is not found
in the database 142, the gate of the smart parking lot is not
opened by the control host 9, and the control host 9 does not
perform any corresponding control of the parking lot sys-
tem.

[0102] The host controller 9 in this embodiment performs
similar operations as the above embodiments only the 1D
signal to be identified and compared being related to the
device in this embodiment. For example, the control host 9
is further used to automatically guide a car to the specific
parking space associated with the identified device ID. In
this case, even if the portable electronic device in the car is
used by different persons, the car is still led to the parking
space associated with the device ID by the control host 9.
[0103] It is appreciated that the portable electronic device
may confirm whether a current user is a legal user before
entering the operation system of the portable electronic
device. For example, the current user is asked to enter a
password or a predetermined gesture to enter the operation
system of the portable electronic device, and the 1D signal
is sent when a match of the password or the predetermined
gesture is confirmed, e.g., when starting to drive the car or
just before passing the gate, by the portable electronic
device. The method of checking a password or a predeter-
mined gesture by a portable electronic device is known to
the art, e.g., the password or the predetermined gesture is set
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by the legal user previously in a security setting. In another
embodiment, it is possible that the portable electronic device
includes the above detection device 1 to detect a biometric
characteristic of a user, and the ID signal is sent when a
match of the biometric characteristic is confirmed, e.g.,
when starting to drive the car or just before passing the gate,
by the portable electronic device. That is, the host controller
9 does not confirm the user but confirms the registered
devices. It is the portable electronic device to perform the
confirming of the legal operator.

[0104] Referring to FIG. 134, it is a schematic diagram of
an individualized control system according to another
embodiment of the present disclosure. The individualized
control system includes a portable device 300, a wearable
accessory 400 and a control host 9, wherein the type of and
the executed individualized control by the control host 9
have been illustrated above, and thus details thereof are not
repeated herein.

[0105] In FIG. 13A, a watch is shown to represent the
wearable accessory 400, and a smartphone is shown to
represent the portable device 300, but the present disclosure
is not limited thereto. The portable device 300 is further
selected from a tablet computer, a personal digital assistance
(PDA), a notebook computer or the like. The wearable
accessory 400 is a bracelet, a watch, a foot ring, a necklace,
eyeglasses, an earphone or the like as long as it can be worn
by a user.

[0106] Inthis embodiment, the portable device 300 is used
to detect a biometric characteristic to identify a user 1D
according to the biometric characteristic. The portable
device 300 further outputs an ID signal Sp according to the
identified user ID. As mentioned above, the biometric char-
acteristic includes a heart rate variability (HRV) and a
second derivative of photoplethysmogram (SDPPG), e.g.,
obtained from the detected PPG signal which is detected by
the detection module 10. Details of detecting the HRV and
SDPPG and generating the ID signal Sp have been described
above, and thus details thereof are not repeated herein.
[0107] In this embodiment, the biometric characteristic is
not limited to the HRV and SDPPG. In other embodiments,
the biometric characteristic is a fingerprint, an iris, a face, a
voiceprint or an atrial fibrillation (AF) that indicates an
individual character of a user. It is appreciated that when the
fingerprint is used as the biometric characteristic, the por-
table device 300 further includes a fingerprint detector,
which is an optical type or an electrode type without
particular limitations. When the iris or face is used as the
biometric characteristic, the portable device 300 further
includes an image sensor used to capture an iris image or a
face image. When the voiceprint is used as the biometric
characteristic, the portable device 300 further includes a
microphone to collect the user’s speech. When the AF is
used as the biometric characteristic, the portable device 300
further includes the detection module 100 to detect the PPG
signal or includes electrodes to detect ECG The portable
device 300 includes a processor such a MCU or CPU for
performing the ID recognition according to the detected
signals, e.g., audio signals, image signals, ECG signals, PPG
signals.

[0108] The wearable accessory 400 is used to detect a
heartbeat, e.g., including the detection module 10' (as shown
in FIG. 2B) on a side thereof facing the user’s skin to detect
a PPG signal, and calculate the heartbeat using the PPG
signal in a time domain or a frequency domain. When
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receiving the 1D signal Sp and continuously detecting the
heartbeat, the wearable accessory 400 sends a confirmed
signal Sc to the control host 9; whereas, when the heartbeat
is not detected, the confirmed signal Sc is not sent. In some
embodiments, the heartbeat is identified not detectable when
the signal-to-noise (SNR) of the PPG signal in time domain
is too low or the main frequency of the heartbeat cannot be
identified in frequency domain.

[0109] The control host 9 is used to receive the confirmed
signal Sc from the wearable accessory 400 and perform the
aforementioned individualized control associated with the
user 1D according to the confirmed signal Sc being received.

[0110] In one non-limiting embodiment, when the wear-
able accessory 400 receives the ID signal Sp and the
heartbeat is continuously detectable, a confirmed state,
meaning a legal user being confirmed, is activated. The
control host 9 is used to receive a confirmed signal S¢ from
the wearable accessory 400 after the wearable accessory 400
activates the confirmed state, and to perform the individu-
alized control associated with the user ID according to the
confirmed signal Sc. That is, the wearable accessory 400
outputs the confirmed signal Sc only after the ID signal Sp
is received.

[0111] While the confirmed state is active, the wearable
accessory 400 sends the confirmed signal Sc when receiving
a request from the control host 9. For example, the control
host 9 receives the confirmed signal Sc through a Bluetooth
communication, a radio frequency identification (RFID)
technique or other wireless communication techniques. In
one embodiment, when the control host 9 sends a request for
constructing a Bluetooth communication, the wearable
accessory 400 accepts and builds up a linkage with the
control host 9 (e.g., Bluetooth pairing being performed
previously). After the communication is constructed, the
wearable accessory 400 transmits the confirmed signal Sc to
the control host 9. In another embodiment, the wearable
accessory 400 is integrated with a RFID tag, and the control
host 9 generates microwaves to the RFID tags to cause the
tags to respond the confirmed signal Sc to the control host
9.

[0112] In this way, even though the portable device 300 is
not available on hand, the user uses the wearable accessory
400 as an electronic key to actively or passively transmit the
confirmed signal Sc to the control host 9 as long as the user
continuously wears the wearable accessory 400 with his/her
body to allow the heartbeat is detectable by the wearable
accessory 400. The control host 9 performs the individual-
ized control associated with the user ID after receiving the
confirmed signal Sc.

[0113] In addition, when the wearable accessory 400 does
not detect the heartbeat while the confirmed state is active
for a predetermined period of time, it means that the
wearable accessory 400 may be taken off from the user who
is ID recognized. The predetermined period of time can be
very short, for example as soon as the wearable accessory
400 is taken off. And if the heartbeat, under the confirmed
state, is not detectable for a predetermined period of time
and then detected again, it means that the wearable acces-
sory 400 may be taken off from the user who is ID
recognized and then worn by another user who is not yet ID
confirmed by the portable device 300, and thus the con-
firmed state is preferably also left. If it is desired to activate
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the confirmed state again, another ID recognition performed
by the portable device 300 is necessary. Accordingly, a
higher security is achieved.

[0114] The control host 9 includes, for example, a micro-
controller (MCU), a central processing unit (CPU) or a
specific application integrated circuit (ASIC) that executes
the functions thereof by hardware and/or software. The
functions are determined according to the equipment or
system controlled thereby.

[0115] In addition, after the wearable accessory 400
receives the ID signal Sp or the confirmed state is activated,
the wearable accessory 400 selects to transmit a signal in
response to the portable device 300 that the ID signal Sp has
been received to cause the portable device 300 to stop
outputting the ID signal Sp, but not limited thereto. In other
embodiments, the wearable accessory 400 sends a signal to
the portable device 300 to cause the portable device 300 to
stop outputting the ID signal Sp after the confirmed signal Sc
is transmitted.

[0116] Referring to FIG. 13B, it is a schematic diagram of
an individualized control system according to an alternative
embodiment of the present disclosure. The individualized
control system also includes a portable device 300, a wear-
able accessory 400 and a control host 9.

[0117] In this embodiment, the portable device 300
includes a Bluetooth device 301, wherein an arranged posi-
tion of the Bluetooth device 301 in FIG. 13B is only
intended to illustrate but not to limit the present disclosure.
The portable device 300 is also used to detect a biometric
characteristic to identify a user ID according to the biometric
characteristic, wherein the biometric characteristic is similar
to those mentioned above. The portable device 300 turns on
the Bluetooth device 301 when the user ID is confirmed,
wherein details of the portable device 300 for detecting the
biometric characteristic and confirming the user ID have
been illustrated above, and thus are not repeated herein. The
difference between this embodiment and the previous
embodiment is that in this embodiment the portable device
300 turns on the Bluetooth device 301 to require a construc-
tion of a Bluetooth link (e.g., Bluetooth pairing being done
previously) with the wearable accessory 400 after the user
ID is confirmed.

[0118] In this embodiment, the wearable accessory 400 is
also used to detect a heartbeat e.g., including a detection
module 10' whose detection method has been described
above. When a Bluetooth link between the wearable acces-
sory 400 and the portable device 300 is accomplished and a
heartbeat is continuously detectable, the wearable accessory
400 transmits a confirmed signal Sc to the control host 9. It
is appreciated that the wearable accessory 400 also has a
Bluetooth device 401 used to form the Bluetooth connec-
tion.

[0119] In this embodiment, the wearable accessory 400
activates a confirmed state after the Bluetooth link is formed
so as to actively or passively send the confirmed signal Sc,
wherein an active way is to repeatedly transmit at a trans-
mission frequency using a wireless communication tech-
nique, and the passive way has been described by examples
in the previous embodiment such as using Bluetooth com-
munication or RFID.

[0120] In the present disclosure, the confirmed state is
referred to that the wearable accessory 400 is ready to
output, actively or passively, the confirmed signal Sc. It
should be mentioned that the confirmed state is not referred
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to a specific state entered by performing a special operation
with the wearable accessory 400. The confirmed state being
left is referred to that the confirmed signal Sc is not
outputted unless a next ID signal Sp is received by the
wearable accessory 400.

[0121] Similarly, the control host 9 is used to receive a
confirmed signal Sc from the wearable accessory 400 after
the wearable accessory 400 activates the confirmed state,
and performs the individualized control associated with the
user 1D according to the confirmed signal Sc being received.
[0122] In abrief, a difference between FIGS. 13A and 13B
is that in FIG. 13B, after the Bluetooth link is constructed,
the wearable accessory 400 identifies the ID recognition
being accomplished and thus the confirmed signal Sc is
transmitted to the control host 9.

[0123] In addition, when the wearable accessory 400 fin-
ishes the Bluetooth link or activates the confirmed state, the
Bluetooth link 1s selected to be released to reduce the total
power consumption of the system, but not limited thereto.
[0124] In this embodiment, the wearable accessory 400 is
also used as an electronic key to improve the user experi-
ence.

[0125] As mentioned above, the individualized control
system in embodiments of FIGS. 13A and 13B uses the
confirmed signal Sc sent by the wearable accessory 400 to
inform the control host 9 to perform the individualized
control, and this is different from the above embodiments in
which the ID signal Sp is used to inform the control host 9
to perform the individualized control. In FIGS. 13A and
13B, the ID signal Sp is sent to the wearable accessory 400.
That is, the control host 9 performs a home appliance
control, a power system control, a vehicle device control, a
security system control and a warning device control based
on the confirmed signal Sc rather than the ID signal Sp.
[0126] In other embodiments, the control host 9 is
arranged in a way that when anyone of the confirmed signal
Sc and the ID signal Sp 1s receive, the individualized control
is performed.

[0127] In an alternative embodiment, the portable device
300in FIGS. 13A and 13B is replaced by a work station. The
work station is located, for example, at an entrance or a gate
of a building. Any one intended to enter the building needs
to finish a security check at the work station. Accordingly,
the work station includes a detection module used to detect
a fingerprint, an iris, a face, a voiceprint, an atrial fibrillation,
PPG, EGC, HRV or SDPPG as that described in the portable
device 300 mentioned above. The work station includes any
suitable computer system used to perform the detection
based on built in hardware and/or software codes.

[0128] In this embodiment, when the work station con-
firms the user ID according to the specific feature(s) of a
person, the work station generates a ID signal Sp.

[0129] In this embodiment, a wearable accessory such as
400 in FIGS. 13A and 13B is used to detect a heartbeat and
receive the ID signal Sp sent from the work station. When
receiving the 1D signal Sp and continuously detecting the
heartbeat, the wearable accessory sends a confirmed signal
Sc to a control host such as 9 in FIGS. 13A and 13B.
[0130] The control host is used to receive the confirmed
signal Sc from the wearable accessory and perform the
aforementioned individualized control associated with the
user 1D according to the confirmed signal Sc being received.
In one non-limiting embodiment, the control host preferably
has multiple receivers arranged at different rooms and
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spaces of the building for receiving the confirmed signal Sc
at different places. The type of the receivers is determined
according to the communication between the wearable
accessory and the control host. For example, if the RFID
based communication is used, the receivers are RFID signal
receivers; and if the Bluetooth based communication is used,
the receivers are Bluetooth devices. In another non-limiting
embodiment, the building is disposed with multiple control
hosts at different rooms and spaces. The control host per-
forms different individualized controls as those mentioned
above at different places according to functions of said
different rooms or places.

[0131] In addition, in a room or space that a person
wearing the wearable accessory is required to take off the
wearable accessory from time to time, preferably another
work station is arranged in that room or space as an auxiliary
check point for the person to recheck his/her 1D for trigger-
ing the wearable accessory again.

[0132] In brief, the individualized control system in this
embodiment includes a work station, a wearable accessory
and a control host. In addition to that the work station is
generally set at a fixed spot which is different from the
portable device 300, operations of the work station, the
wearable accessory and the control host in this embodiment
are respectively similar to the portable device 300, wearable
accessory 400 and control host 9 in FIGS. 13A and 13B. The
work station in this embodiment at least includes a detection
module for detecting the biometric characteristic, a proces-
sor for identifying a user ID according to the biometric
characteristic, and a wireless communication device for
transmitting the ID signal to the wearable accessory.
[0133] In one non-limiting embodiment, the work station
1s a part of the control host, or coupled with the control host.
And when the work station identifies a user ID, the control
host is informed with which person has been identified.
[0134] In one non-limiting embodiment, the vehicle
device control includes starting a vehicle using the con-
firmed signal Sc. In one non-limiting embodiment, the
security system control includes unlocking a security system
using the confirmed signal Sc. The home appliance control
includes turning on at least one appliance with a predeter-
mined user setting using the confirmed signal Sc. The power
system control includes turning on cameras, light sources,
fans or other devices in a particular area using the confirmed
signal Sc.

[0135] The wearable accessory 400 further detects an
attached status with a user to determine whether the wear-
able accessory 400 is properly worn by the user to improve
confidence of the detected result. Many technologies can be
applied to perform this function. Such as by using a pressure
sensor to detect the tension of a belt for fixing the wearable
accessory 400 on the user’s body, or to detect the pressure
on the user’s skin when the wearable accessory 400 is wear
tightly. Or, by using a capacitive sensor to detect the
proximity between the wearable accessory 400 and the
user’s skin, the attached status is confirmable. Or, by using
a humidity sensor to detect the slight sweat between the
wearable accessory 400 and user’s skin, the attached status
is confirmable. Or, by using a thermal sensor to detect the
temperature change between the wearable accessory 400 and
user’s skin, the attached status is confirmable.

[0136] In order to determine whether the attached status is
good or not, a processor of the wearable accessory 400, e.g,,
a digital processing unit (DSP) or an application specific
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integrated circuit (ASIC), compares the detected result (e.g.,
including pressure, capacitance change, humidity or tem-
perature) of the above sensors with a predetermined thresh-
old, which is previously determined corresponding to a type
of sensor. When a variation of the detected result exceeds the
predetermined threshold, the attached status is determined to
have a change between an attached state and a lift up state.

[0137] In other aspects, the wearable accessory 400 con-
firms the attached status by analyzing intensity of light
passing through different polarizers and detected by the
detection module 10, by analyzing intensity of different light
wavelengths detected by the detection module 10, by ana-
lyzing intensity distribution of an image frame detected by
the detection module 10, and by calculating a time-of-flight
according to signals (e.g., avalanche current) detected by a
single photon avalanche photodiode (SPAD).

[0138] When the user removes the wearable accessory 400
from his’her body, the wearable accessory 400 can then
detect the status change, and stops generating the confirmed
signal if a lift up state is confirmed.

[0139] In the above embodiments, the portable device is
arranged to identify a user ID according to the biometric
characteristic of the user. In an alternatively embodiment,
the portable device is arranged to identify the user 1D
according to a user input which includes a password, a
gesture, knocks and/or a speech sentence. One difference
between this embodiment and the above embodiments is that
the biometric characteristic being detected by the portable
device is replaced by the user input. Other operations of the
portable device are identical to those in the above embodi-
ments, and thus details thereof are not repeated herein.

[0140] In an aspect that uses the password as a user input,
the portable device includes a keyboard or a touch panel to
receive a set of password inputted by a current user. The
portable device then compares the inputted password with a
set of pre-stored password to confirm the user ID of the
current user. The pre-stored password is preferably set or
selected by the same user in a setting procedure and stored
in a memory of the portable device.

[0141] Inan aspect thatuses the gesture as a user input, the
portable device includes a touch panel or an optical gesture
detector to detect a gesture inputted by a current uset, e.g.,
using his or her finger(s). For the touch panel, the current
user draws the gesture on the touch panel; whereas for the
optical gesture detector, the user draws the gesture (e.g.,
moving finger) in the space in front of the optical gesture
detector. The portable device then compares the inputted
gesture with a pre-stored gesture to confirm the user ID of
the current user. The pre-stored gesture is preferably set or
performed by the same user in a setting procedure and stored
in a memory of the portable device.

[0142] Inan aspect that uses the knocks as a user input, the
portable device includes a gyro or a 2D or 3D acceleration
sensor to detect knocking signals inputted by a current user.
The portable device then compares the inputted knocking
signals with pre-stored knocking signals to confirm the user
1D of the current user. The pre-stored knocking signals have
a predetermined pattern. As long as the inputted knocking
signals have a same pattern with the predetermined pattern,
the portable device confirms the user ID. The pre-stored
knocking signals (or predetermined pattern) is preferably
inputted or performed by the same user in a setting proce-
dure and stored in a memory of the portable device.
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[0143] 1In an aspect that uses the speech sentence as a user
input, the portable device includes a microphone to receive
a speech sentence said by a current user. The portable device
then compares the said speech sentence (including numbers
and/or words) with a pre-stored speech sentence to confirm
the user ID of the current user. The pre-stored speech
sentence is preferably inputted or recorded by the same user
in a setting procedure and stored in a memory of the portable
device. That is, the portable device has the language pro-
cessing function to process the speech sentence inputted via
the microphone and identifies whether the inputted speech
sentence matches a predetermined speech sentence, like an
audio password, to identify the user ID.

[0144] Another difference between this embodiment and
the above embodiments is that the continuously detected
heartbeat is replaced by continuously detected attached
status. The attached status is detected by detecting at least
one of a heartbeat, capacitance using a capacitive sensor,
light intensity using an optical sensor, a temperature using a
thermal sensor, sweat using a humidity sensor. More spe-
cifically, in the above embodiments, the heartbeat being
continuously detected is used as one example to refer that
the wearable accessory is continuously being worn by a user.
Other methods for confirming the wearable accessory being
continuously worn are used in this embodiment. The change
of the attached status from contact to non-contact is detect-
able by detecting a value change of the above parameters,
including with/without heartbeat, capacitance variation,
light intensity variation, capacitance variation, temperature
variation, humidity variation or the like. The parameter
variation is compared with a predetermined parameter to
confirm the change of attached status.

[0145] In an alternative embodiment, the continuously
detected attached status further includes continuously
detecting a respiration signal in the PPG signal, continu-
ously detecting an arc-like pattern in an energy distribution
associated with multiple PPG signals, and continuously
detecting a signal-to-noise ratio (SNR) of a PPG signal
larger than a predetermined SNR threshold. The portable
device 300 and the wearable accessory 400 form a detection
device of an individualized control system of the present
disclosure. The control host 9 of the individualized control
system is coupled to the detection device to receive a
confirmed signal to perform an individualized control asso-
ciated with a user ID identified by the detection device.
[0146] Referring to FIG. 14, it is schematic diagram of a
PPG signal detected by the wearable accessory 400, e.g., by
the detection module 10" thereof shown in FIG. 2A. In the
PPG signal, a high frequency part 112 of the PPG signal 11
indicates a frequency of the heart circulation. A low fre-
quency carrier of the PPG signal 11 is then identified to
determine one corresponding low frequency carrier signal,
which has a low frequency capable of being used to indicate
a breathing signal or respiration signal 151 of a user, as
shown in FIG. 15. For example, the wearable accessory 400
(more specifically a processor thereof) acquires the breath-
ing signal or respiration signal 151 from the PPG signal 11
by a digital band pass filter. Generally, a user’s respiration
rate is lower than 15 times per minute, so a pass band of the
digital band pass filter is preferably lower than 0.25 Hz.
[0147] For example, when the respiration signal is con-
tinuously detected (i.e. attached state) by the wearable
accessory 400 according to the PPG signal after the ID
signal is received by the wearable accessory 400 from the
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portable device 300, the wearable accessory 400 sends a
confirmed signal to the control host 9, and when the respi-
ration signal is not detected (i.e. lift up state) by the wearable
accessory 400 according to the PPG signal, the confirmed
signal is not sent to the control host 9.

[0148] As mentioned above, it is possible to use the
signal-to-noise ratio (SNR) of the PPG signal to determine
whether the heartbeat is detectable. Accordingly, in another
aspect, the SNR of the PPG signal is directly used to
determine whether a wearable accessory 400 is well attached
or not. For example, the wearable accessory 400 calculates
the SNR of the detected PPG signal. When the calculated
SNR of the PPG signal is continuously larger than an SNR
threshold (i.e. attached state) after the ID signal is received
by the wearable accessory 400 from the portable device 300,
the wearable accessory 400 sends a confirmed signal to the
control host 9, and when the calculated SNR is not larger
(e.g., smaller than or equal to) than the SNR threshold (i.e.
lift up state), the confirmed signal is not sent to the control
host 9. In this aspect, the SNR threshold is either a fixed
predetermined threshold or a threshold real-timely deter-
mined or adjusted according to the detected PPG signal.
[0149] In the case that the wearable accessory 400
includes a pixel array (or the detection module 10' thereof
including a pixel array as shown in FIG. 5 to FIG. 6B), each
pixel or a pixel region of the pixel array outputs a PPG signal
as shown in FIG. 14 as an example, wherein one pixel region
includes multiple pixels and PPG signals of each of the
multiple pixels in said one pixel region are summed up to
obtain one PPG signal sum to improve the SNR of the PPG
signal. The PPG signals of every pixel or pixel region are
converted (e.g., by Fourier Transform or FFT) into a fre-
quency spectrum as shown in FIG. 16A that contains spec-
trum energy of multiple frequencies. By distributing these
spectrum energy of every pixel, at a selected frequency (e.g.,
the frequency of heartbeat, but not limited to), on a 2-di-
mensional (2D) space that corresponds to the pixel array, a
3-dimensional (3D) energy distribution is obtained as shown
in FIG. 16B as an example. In FIG. 16B, each bar indicates
a spectrum energy at the specific frequency retrieves from
the frequency spectrum of the PPG signal associated with
one pixel or one pixel region.

[0150] It is noticed that if the wearable accessory 400 is
well attached to a skin surface, the 3D energy distribution
forms or contains an arc-like pattern as shown in FIGS. 17A
and 17B, wherein FIGS. 17A and 17B are two 3D energy
distributions obtained at different times (e.g., separated by
one sampling period) and alternatively detected by the
wearable accessory 400. It is appreciated that each rectangle
in FIGS. 17A and 17B indicates the spectrum energy of one
pixel or pixel region. In one aspect, the arc-like pattern is
applied to evaluate whether the wearable accessory 400 is
properly worn by a user.

[0151] For example, when the arc-like pattern in the 3D
energy distribution is continuously detected (i.e. attached
state) by the wearable accessory 400 after the ID signal is
received by the wearable accessory 400 from the portable
device 300, the wearable accessory 400 sends a confirmed
signal to the control host 9, and when the arc-like pattern is
not detected (i.e. lift up state) in the 3D energy distribution
by the wearable accessory 400, the confirmed signal is not
sent to the control host 9.

[0152] The way to identify whether an arc-like pattern is
existed or not includes, for example, identifying whether the
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spectrum energy larger than a predetermined energy thresh-
old forms an enclosed peak in the 3D energy distribution or
identifying whether the spectrum energy larger than a pre-
determined energy threshold contain more than one peak
circles in the 3D energy distribution. Different ways may be
adopted as long as the processor of the wearable accessory
400 identifies the arc-like pattern as shown in FIGS. 17A and
17B.

[0153] In this alternative embodiment, only the parameter
used to determine the attached state by the wearable acces-
sory 400 is replaced by the respiration signal, the SNR of
PPG signal or the arc-like pattern in the 3D energy distri-
bution, and other operations, e.g., those performed by the
portable device 300 and the control host 90, are not changed
and have been described in the above descriptions.

[0154] As mentioned above, the present disclosure pro-
vides a biometric detection module (FIGS. 1A and 2A) and
an operating method thereof (FIG. 8) that utilize the bio-
metric characteristic as a reference for ID recognition and
perform an individualized control according to the user 1D
so as to improve the applications of the biometric charac-
teristic.

[0155] 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.

What is claimed is:

1. A detection device of an individualized control system,
comprising:

a portable device configured to detect a biometric char-
acteristic or a user input to identify a user ID according
to the biometric characteristic or the user input, and
output an 1D signal according to the identified user ID;
and

a wearable accessory configured to detect a respiration
signal in a photoplethysmogram (PPG) signal, send a
confirmed signal after the ID signal is received and the
respiration signal is continuously detected, and not
send the confirmed signal when the respiration signal is
not detected.

2. The detection device as claimed in claim 1, wherein

the biometric characteristic is selected from the group
consisting of a fingerprint, an iris, a face, a voiceprint,
an atrial fibrillation, a heart rate variability and a second
derivative of photoplethysmogram, and

the user input is selected from the group consisting of a
password, a gesture, knocks and a speech sentence.

3. The detection device as claimed in claim 1, further
comprising a control host configured to

receive the confirmed signal sent from the wearable
accessory through a Bluetooth communication or a
RFID technology. and

perform an individualized control associated with the user
D.

4. The detection device as claimed in claim 3, wherein the
individualized control is selected from the group consisting
of a home appliance control, a power system control, a
vehicle device control, a security system control and a
warning device control.

5. The detection device as claimed in claim 4, wherein the
vehicle device control comprises starting a vehicle using the
confirmed signal.
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6. The detection device as claimed in claim 4, wherein the
security system control comprises unlocking a security
system using the confirmed signal.

7. The detection device as claimed in claim 1, wherein

the portable device is a smart phone, a tablet computer, a
personal digital assistance or a notebook computer, and

the wearable accessory is a bracelet, a watch, a foot ring,
a necklace, eyeglasses or an earphone.

8. A detection device of an individualized control system,

comprising:

a portable device configured to detect a biometric char-
acteristic or a user input to identify a user ID according
to the biometric characteristic or the user input, and
output an ID signal according to the identified user ID;
and

a wearable accessory configured to detect an arc-like
pattern in an energy distribution associated with mul-
tiple photoplethysmogram (PPG) signals, send a con-
firmed signal after the ID signal is received and the
arc-like pattern is continuously detected, and not send
the confirmed signal when the arc-like pattern is not
detected.

9. The detection device as claimed in claim 8, wherein

the biometric characteristic is selected from the group
consisting of a fingerprint, an iris, a face, a voiceprint,
an atrial fibrillation, a heart rate variability and a second
derivative of photoplethysmogram, and

the user input is selected from the group consisting of a
password, a gesture, knocks and a speech sentence.

10. The detection device as claimed in claim 8, further
comprising a control host configured to

receive the confirmed signal sent from the wearable
accessory through a Bluetooth communication or a
RFID technology, and

perform an individualized control associated with the user
D.

11. The detection device as claimed in claim 10, wherein
the individualized control is selected from the group con-
sisting of a home appliance control, a power system control,
a vehicle device control, a security system control and a
warning device control.

12. The detection device as claimed in claim 11, wherein
the vehicle device control comprises starting a vehicle using
the confirmed signal.

13. The detection device as claimed in claim 11, wherein
the security system control comprises unlocking a security
system using the confirmed signal.
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14. The detection device as claimed in claim 8, wherein

the portable device is a smart phone, a tablet computer, a
personal digital assistance or a notebook computer, and

the wearable accessory is a bracelet, a watch, a foot ring,
a necklace, eyeglasses or an earphone.

15. A detection device of an individualized control sys-
tem, comprising;

a portable device configured to detect a biometric char-
acteristic or a user input to identify a user ID according
to the biometric characteristic or the user input, and
output an ID signal according to the identified user ID;
and

a wearable accessory configured to calculate a signal-to-
noise ratio (SNR) of a photoplethysmogram (PPG)
signal, send a confirmed signal after the ID signal is
received and the calculated SNR is continuously larger
than an SNR threshold, and not send the confirmed
signal when the calculated SNR is not larger than the
SNR threshold.

16. The detection device as claimed in claim 15, wherein

the biometric characteristic is selected from the group
consisting of a fingerprint, an iris, a face, a voiceprint,
an atrial fibrillation, a heart rate variability and a second
derivative of photoplethysmogram, and

the user input is selected from the group consisting of a
password, a gesture, knocks and a speech sentence.

17. The detection device as claimed in claim 15, further
comprising a control host configured to

receive the confirmed signal sent from the wearable
accessory through a Bluetooth communication or a
RFID technology, and

perform an individualized control associated with the user
D.

18. The detection device as claimed in claim 17, wherein
the individualized control is selected from the group con-
sisting of a home appliance control, a power system control,
a vehicle device control, a security system control and a
warning device control.

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

the vehicle device control comprises starting a vehicle
using the confirmed signal, and

the security system control comprises unlocking a secu-
rity system using the confirmed signal.

20. The detection device as claimed in claim 15, wherein

the portable device is a smart phone, a tablet computer, a
personal digital assistance or a notebook computer, and

the wearable accessory is a bracelet, a watch, a foot ring,
a necklace, eyeglasses or an earphone.
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