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(57) ABSTRACT

An identity recognition system based on compressed signals
and a method thereof are provided. When a sensing end is in
an identification mode, it continuously measures a physi-
ological identification signal of a user having at least one
first predetermined length of time, and performs a compres-
sion process on the physiological identification signal hav-
ing at least one first predetermined length of time to generate
a first compressed signal. An identification end receives the
first compressed signal, obtains first identification informa-
tion of the first compressed signal in a discrimination
subspace according to a principal eigenvector, and recog-
nizes the first identification signal according to a classifica-
tion model from a learning end to determine that the user is
one of multiple subjects. Therefore, the sensing end uses
compressive technology to reduce the energy required to
transmit signals, and the identification end recognizes iden-
tity without reconstructing the first compressed signal trans-
mitted by the sensing end.

6 Claims, 5 Drawing Sheets

continuously measuring a physiological identification signal of a
user having at least one first predetermined time when the sensing

wearable device being in a identification mode, and performing 30
the compression process on the physiological identification signal
having the at least one first predetermined time to generate a first
compressed signal, and transmitting the first compressed signal
l 240

the identification computer device receiving the first compressed /
signal, and obtaining first identification information of the first
compressed signal in the discrimination subspace according to the
principal eigenvector, and receiving the first identification
information, and recognizing the first identification information
according to the classification model from the learning computer
device, to determine that the user is one of multiple subjects
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transmitting the second compressed signal corresponding to each
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and transmitting the classification model to the identification
computer device
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continuously measuring a physiological identification signal of a
user having at least one first predetermined time when the sensing
wearable device being in a identification mode, and performing
the compression process on the physiological identification signal /J
having the at least one first predetermined time to generate a first
compressed signal, and transmitting the first compressed signal

230

v 240
the identification computer device receiving the first compressed /
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compressed signal in the discrimination subspace according to the
principal eigenvector, and receiving the first identification
information, and recognizing the first identification information
according to the classification model from the learning computer
device, to determine that the user is one of multiple subjects

FIG. 2B
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1
IDENTITY RECOGNITION SYSTEM BASED
ON COMPRESSED SIGNALS AND METHOD
THEREOF

BACKGROUND
1. Technical Field

The present disclosure relates to an identity recognition
system and a method thereof, and more particularly to an
identity recognition system based on compressed signals and
a method thereof

2. Description of Related Arts

In recent years, with the popularity and flourishing of
compressive sensing, its application range has become more
and more extensive, such as Internet backbone and biomedi-
cal signal monitoring system.

Generally speaking, the compressive sensing is to obtain
a low-dimensional measurement value for a high-dimen-
sional sparse signal by means of a sampling matrix. There-
fore, the system only needs to use a low-dimensional signal
as a transfer, and when necessary, reconstruct the low-
dimensional sample into a high-dimensional signal by
means of methods such as norm minimization. However, in
addition to considering the sparse characteristics of the
signal (the signal needs to be sparse enough to be recov-
ered), it is also necessary to spend a lot of time and resources
on the back end to reconstruct and restore the compressed
signal before further use of the restored signal, which limits
the convenience of its application.

In conclusion, as can be known, the prior art has the
problem that the compressed signal needs to be recon-
structed and restored for further use and application; there-
fore, it is necessary to propose an improved technical
solution to resolve the problem.

SUMMARY

The present disclosure is to provide an identity recogni-
tion system based on

First, the present invention discloses an identity recogni-
tion system based on compressed signals, which includes a
sensing wearable device and an identification computer
device, wherein the sensing wearable device has an identi-
fication mode and a learning mode and includes a measure-
ment module, a compression module and a first transmission
module, and the identification computer device includes a
first signal separation module and an identification module.
When the sensing wearable device is in the identification
mode, the measurement module is configured to continu-
ously measure a physiological identification signal of a user
having at least one first predetermined length of time, and
the compression module is configured to perform a com-
pression process on the physiological identification signal
having at least one first predetermined length of time to
generate a first compressed signal, and the first transmission
module is configured to transmit the first compressed signal.
The first signal separation module is configured to receive
the first compressed signal, and obtain first identification
information of the first compressed signal in a discrimina-
tion subspace according to a principal eigenvector, and the
identification module is configured to receive the first iden-
tification information, and recognize the first identification
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information according to a classification model from a
learning computer device, to determine that the user is one
of multiple subjects.

In addition, the present invention discloses an identity
recognition method based on compressed signals, includes
the steps of: continuously measuring a physiological iden-
tification signal of a user having at least one first predeter-
mined length of time when a sensing wearable device being
in a identification mode, and performing a compression
process on the physiological identification signal having at
least one first predetermined length of time to generate a first
compressed signal, and transmitting the first compressed
signal; and an identification computer device receiving the
first compressed signal, and obtaining first identification
information of the first compressed signal in a discrimina-
tion subspace according to a principal eigenvector, and
receiving the first identification information, and recogniz-
ing the first identification information according to a clas-
sification model from a learning end computer device, to
determine that the user is one of multiple subjects.

According aforementioned content, the difference
between the present disclosure and the conventional tech-
nology is that when in an identification mode, a sensing
wearable device continuously measures a physiological
identification signal of a user having at least one first
predetermined time, and performs the compression process
on the physiological identification signal having at least one
first predetermined length of time to generate a first com-
pressed signal, and transmits the first compressed signal; and
an identification computer device receives the first com-
pressed signal, and obtains first identification information of
the first compressed signal in a discrimination subspace
according to the principal eigenvector, and receives the first
identification information, and recognizes the first identifi-
cation information according to the classification model
from the learning computer device, to determine that the
user is one of multiple subjects.

By above technical means, the present invention can
make the sensing wearable device use compressive technol-
ogy to reduce the energy required to transmit signals and
prolong the service life of the battery; the identification
computer device performs identity identification on the first
compressed signal according to the principal eigenvector
and the dynamically adjusted classification model, without
reconstruction of the first compressed signal transmitted by
the sensing wearable device, thereby simplifying the calcu-
lation procedure and reducing the time required for identity
recognition.

BRIEF DESCRIPTION OF THE DRAWINGS

The structure, operating principle and effects of the pres-
ent disclosure will be described in detail by way of various
embodiments which are illustrated in the accompanying
drawings.

FIG. 1 is a system block diagram of an identity recogni-
tion system based on compressed signals of the present
disclosure.

FIG. 2A is a flowchart of an embodiment of a learning
stage of an identity recognition method based on com-
pressed signals performed by the identity recognition system
of FIG. 1.

FIG. 2B is a flowchart of an embodiment of an identifi-
cation stage of the identity recognition method based on the
compressed signals performed by the identity recognition
system of FIG. 1.
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FIG. 3A to FIG. 3C are schematic diagrams of the ECG
signals of three different subjects measured by a wearable
device sensing of the present invention.

FIG. 4A to FIG. 4C are schematic diagrams of the ECG
signals of FIG. 3A to FIG. 3C after removing noise.

FIG.5A to FIG. 5C are schematic diagrams of the second
compressed signal generated after compressing the noise-
removing ECG signals of FIG. 4A to FIG. 4C.

FIG.6A to FIG. 6C are schematic diagrams of second
identification information corresponding to three different
subjects obtained by a learning computer device of the
present invention.

FIG. 7 is a schematic diagram showing the relationship
between the accuracy of the different compression tech-
niques and the dimension of the second identification infor-
mation.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The following embodiments of the present invention are
herein described in detail with reference to the accompany-
ing drawings. These drawings show specific examples of the
embodiments of the present invention. It is to be understood
that these embodiments are exemplary implementations and
are not to be construed as limiting the scope of the present
invention in any way. Further modifications to the disclosed
embodiments, as well as other embodiments, are also
included for the scope of the appended claims. These
embodiments are provided so that this disclosure is thorough
and complete, and fully conveys the inventive concept to
those skilled in the art. Regarding the drawings, the relative
proportions and ratios of elements in the drawings may be
exaggerated or diminished in size for the sake of clarity and
convenience. Such arbitrary proportions are only illustrative
and not limiting in any way. The same reference numbers are
used in the drawings and description to refer to the same or
like parts.

As used herein, the term “or” includes any and all
combinations of one or more of the associated listed items.
In addition, unless explicitly described to the contrary, the
word “comprise” and variations such as “comprises” or
“comprising”, will be understood to imply the inclusion of
stated elements but not the exclusion of any other elements.

It is to be understood that, although the terms ‘first’,
‘second’, ‘third’, and so on, may be used herein to describe
various elements, these elements should not be limited by
these terms. These terms are used only for the purpose of
distinguishing one component from another component.
Thus, a first element discussed herein could be termed a
second element without altering the description of the pres-
ent invention.

The nouns defined in the present invention are illustrated
before description of an identity recognition system based
on compressed signals and a method thereof. The sensing
wearable device, the identification computer device, and the
learning computer device included in the identity recogni-
tion system based on compressed signals can be imple-
mented by various manners including software, hardware,
firmware or any combination thereof. In some embodiments,
the sensing wearable device can be implemented using
software and/or hardware, and the scope of the invention is
not limited in this respect. In an embodiment, the software
or firmware used for implementation of the present inven-
tion can be stored in machine-readable storage medium such
as ROM memory, RAM memory, magnetic disk storage
medium, optical storage medium, flash memory device and
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so on, and can be performed by at least one general-purpose
programmable microprocessor or dedicated programmable
microprocessor. The sensing wearable device and the iden-
tification computer device of the present invention and the
sensing wearable device and the learning computer device of
the present invention can communicate with each other
through the wireless transmission technology, wherein the
wireless transmission technology can be, but not limited to,
infrared transmission technology, Bluetooth, radio fre-
quency identification technology, Wi-Fi or ZigBee. The
learning computer device and the identification computer
device of the present invention can use a copper transmis-
sion cable, optical fiber transmission, wireless transmission,
an router, an firewall, an switch, an gateway computer and/or
an edge server to transmit information and data to each
other, so that the learning computer device and the identi-
fication computer device can communicate with each other
for the transmission of information and data.

In addition, the present invention trains a classification
model according to the identification information of a plu-
rality of subjects through a machine learning algorithm to
recognize the identification information of the user, and then
determine that the user is one of the subjects. The classifi-
cation model changes with the subjects, that is, it has the
function of “self-correction update”, and so the accuracy of
identity recognition can be maintained.

In actual implementation, it can be divided into two
stages. In the learning stage, the sensing wearable device is
used to separately measure the physiological identification
signal of each subject having a predetermined length of time,
and compress the physiological identification signal by
using a compression technique to generate a compressed
signal, to reduce the transmitted semaphore, thereby reduc-
ing energy consumption. The learning computer device
receives the compressed signal corresponding to each sub-
ject, and obtains the identification information of the com-
pressed signal corresponding to each subject in a discrimi-
nation subspace according to a principal eigenvector, and
then trains the classification model according to the identi-
fication information through a machine learning algorithm.
Then, in the identification stage, the sensing wearable device
uses the compression technology to compress the physi-
ological identification signal of the user having another
predetermined length of time to generate a compressed
signal, and the identification computer device performs
identity identification by using the principal eigenvector and
the classification model based on the compressed signal
corresponding to the user (i.e., the identification computer
device determines that the user is one of the subjects in the
learning stage).

The embodiments of the present invention will be
described in detail below with reference to the drawings and
embodiments, so that the application of the technical means
to solve the technical problems and achieve the technical
effects can be fully understood and implemented.

Please refer to FIG. 1, and FIG. 1 is a system block
diagram of an identity recognition system based on com-
pressed signals of the present disclosure. In the present
embodiment, the identity recognition system 100 comprises
a sensing wearable device 110 and an identification com-
puter device 120. In practical implementation, the sensing
wearable device 110 can be, but is not limited to, a wearable
device, and the identification computer device 120 can be,
but is not limited to, a computer.

The sensing wearable device 110 has an identification
mode and a learning mode, and may comprise a measure-
ment module 112, a compression module 114, and a first
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transmission module 116. When the sensing wearable device
110 is in the learning mode, the measurement module 112
can be used to continuously measure the physiological
identification signal of each subject having at least one
second predetermined length of time. The compression
module 114 can be used to perform a compression process
on the physiological identification signal for each subject
having at least one second predetermined length of time to
generate a second compressed signal corresponding to each
subject. The first transmission module 116 is configured to
transmit the second compressed signal corresponding to
each subject. The physiological identification signal is a
signal that can be used to recognize each person’s identity,
that is, the signal includes an identity characteristic that can
identify each person. For example, the physiological iden-
tification signal can be, but not limited to, an electrocardi-
ography (ECG) signal or a photoplethysmography (PPG)
signal.

In more detail, in the present embodiment, the single
sensing wearable device 110 is worn on a plurality of
subjects for measurement separately, but the embodiment is
not intended to limit the present invention. For example,
each subject is equipped with a sensing wearable device 110
for physiological identification signal measurement.

The sensing wearable device 110 further comprises a
setting module 111. When the sensing wearable device 110
is in the learning mode, before the measurement module 112
continuously measures the physiological identification sig-
nal of each subject having at least one second predetermined
length of time, the setting module 111 receives the data
based on each subject, which is input by the operator of the
identity recognition system 100. Therefore, the setting infor-
mation corresponding to each subject can be received. The
setting information can include the number and the name of
each subject, and the number can be presented in the form
of a one-dimensional array, but the embodiment is not
intended to limit the present invention. When the first
transmission module 116 transmits the second compressed
signal corresponding to each subject to the learning com-
puter device 130, setting information corresponding to each
subject may also be transmitted to the learning computer
device 130.

When the sensing wearable device 110 is in the learning
mode, the measurement module 112 can continuously mea-
sure the physiological identification signal of each subject
having at least one second predetermined length of time
through the sensor provided by the measurement module
112, and the measurement time can be limited to the second
predetermined time, and the actual measurement time may
be longer than or equal to the second predetermined time. In
this embodiment, the second predetermined time may be,
but not limited to, one hour, and the actual second prede-
termined time may be adjusted according to actual needs.

The compression module 114 can be configured to per-
form the compression process on the physiological identi-
fication signal of each subject having at least one second
predetermined length of time to generate a second com-
pressed signal corresponding to each subject, wherein the
compressing process on the physiological identification sig-
nal having at least one second predetermined length of time
is performed by using discrete cosine transform (DCT),
discrete wavelet transformation (DWT), principal compo-
nent analysis (PCA) or compressive sensing (CS) technol-
ogy. It should be noted that, since the measurement module
112 continuously transmits the physiological identification
signal of each subject to the compression module 114, the
compression module 114 may first accumulate the physi-
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ological identification signal of each subject for at least one
second predetermined length of time and then compress to
generate the second compressed signal. In some embodi-
ment, the compression module 114 can segmentally com-
press the physiological identification signal of each subject
having at least one second predetermined length of time to
generate the second compressed signal according to actual
needs. In some embodiment, the physiological identification
signal having at least one second predetermined length of
time may be measured and compressed simultaneously by
the compressive sensing technique. For example, when the
length of the second predetermined time is one hour, the
compression module 114 can accumulate one hour of physi-
ological identification signal of each subject and perform
one-time compression to generate the second compressed
signal, or the compression module 114 can perform the
compression process after accumulating one minute of the
physiological identification signal of each subject, so that
the second compressed signal corresponding to each subject
is generated after performing the compression process 60
times.

In this embodiment, the sensing wearable device 110
further comprises a noise processing module 118 disposed
between the compression module 114 and the measurement
module 112. The noise processing module 118 can be used
to remove noise from the physiological identification signal
of each subject having at least one second predetermined
length of time before the compression module 114 performs
the compression process on the physiological identification
signal of each subject having at least one second predeter-
mined length of time. The noise processing module 118
comprises a high-pass filter, a low-pass filter, and a baseline
removal unit.

The first transmission module 116 can be configured to
transmit the second compressed signal corresponding to
each subject. Since the compression module 114 can first
accumulate the physiological identification signal of each
subject for at least one second predetermined length of time
and then compress to generate the second compressed
signal, or the compression module 114 can segmentally
compress the physiological identification signal of each
subject having at least one second predetermined length of
time to generate the second compressed signal, or the
physiological identification signal for at least one second
predetermined length of time may be measured and com-
pressed simultaneously by the compressive sensing tech-
nique. The first transmission module 116 may transmit the
second compressed signal corresponding to each subject at
a time, or may segmentally transmit the second compressed
signal corresponding to each subject.

The identity recognition system 100 may further comprise
a learning computer device 130. The learning computer
device 130 may comprise a second signal separation module
132, a machine learning module 134 and a second trans-
mission module 136, wherein the second signal separation
module 132 is configured to receive the second compressed
signal corresponding to each subject, and obtain second
identification information of the second compressed signal
corresponding to each subject in the discrimination subspace
according to the principal eigenvectory, the machine learn-
ing module 134 is configured to train the classification
model according to the second identification information
through a machine learning algorithm, and the second trans-
mission module 136 is configured to transmit the classifi-
cation model to the identification computer device 120. The
principal eigenvectorm may be a preset vector set by the
operator of the identity recognition system 100 according to
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his experience (the different kinds of physiological identi-
fication signal correspond to different preset vectors), or may
be obtained by using the physiological recognition signals of
multiple subjects through the PCA technology. The principal
eigenvectory does not change depending on the subjects.

In more detail, the second signal separation module 132
may divide the second compressed signal corresponding to
each subject into the second identification information in the
discrimination subspace and second complementary infor-
mation in the complementary subspace according to the
principal eigenvectory. Because the second complementary
information belongs to the feature information commonly
owned by each person, the second complementary informa-
tion is not considered when performing identity identifica-
tion. The machine learning module 134 can be configured to
train the classification model according to the second iden-
tification information of each subject through a machine
learning algorithm, wherein the machine learning algorithm
can be, but not limited to, the support vector machine (SVM)
algorithm or neural network (NN) algorithm. It should be
noted that the classification model can change depending on
the subjects. Therefore, when a new subject is added, the
classification model can change, and the second transmis-
sion module 136 can transmit the latest classification model
to the identification computer device 120 for subsequent
identification use. In addition, when the second transmission
module 136 transmits the classification model to the iden-
tification computer device 120, the setting information cor-
responding to each subject may also be transmitted to the
identification computer device 120 for subsequent identifi-
cation use.

In addition, it should be noted that the physiological
identification signal of the subject may change when the
subject is in the different emotions or exercises. In order to
improve the accuracy of identity recognition, the physiologi-
cal identification signal of the subject in various states, such
as in the different emotions or exercising, may be measured.
Then, the learning terminal 130 is provided to execute the
above steps (the measurement is performed when the subject
is in each state is the concept of adding a new subject, but
the setting information received by the sensing wearable
device 110 is the setting information corresponding to the
subject) to adjust the classification model.

When the sensing wearable device 110 is in the identifi-
cation mode, the measurement module 112 can be used to
continuously measure the physiological identification signal
of the user having at least one first predetermined length of
time, and the compression module 114 can be used to
perform the compression process on the physiological iden-
tification signal of the user having at least one first prede-
termined length of time to generate the first compressed
signal, and the first transmission module 116 can be used to
transmit the first compressed signal.

In more detail, the sensing wearable device 110 is worn on
the user. When the sensing wearable device 110 is in the
identification mode, the measurement module 112 can con-
tinuously measure the physiological identification signal of
the user through the sensor provided by the measurement
module 112, and the measurement time can be limited to the
first predetermined time, and the actual measurement time
may be greater than or equal to the first predetermined time.
When the measurement time is greater than the first prede-
termined time, it represents the sustainable use of the present
invention for identity recognition. The semaphore required
to perform identity identification is the physiological iden-
tification signal having the first predetermined length of
time. If the measurement time is greater than the first
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predetermined time, the measured physiological identifica-
tion signal can be cut into N physiological identification
signals having the first predetermined length of time; that is,
the identity identification can be performed N times con-
tinuously, wherein N is a positive integer. It is suitable for
plants or offices that require long-term monitoring of per-
sonnel to maintain information security. In this embodiment,
the first predetermined time may be, but not limited to, 1
minute, and the actual first predetermined time may be
adjusted according to actual needs.

The compression module 114 is connected to the mea-
surement module 112, and can be used to perform the
compression process on the physiological identification sig-
nal having at least one first predetermined length of time to
generate the first compressed signal. It should be noted that,
since the measurement module 112 continuously transmits
the physiological identification signal to the compression
module 114, the compression module 114 may first accu-
mulate the physiological identification signal for the first
predetermined length of time and then compress to generate
the first compressed signal. In some embodiment, the com-
pression module 114 can segmentally compress the physi-
ological identification signal having the first predetermined
length of time to generate the first compressed signal accord-
ing to actual needs. In some embodiment, the physiological
identification signal for the first predetermined length of
time may be measured and compressed simultaneously
through the compressive sensing technique. For example,
when the first predetermined time is one minute, the com-
pression module 114 can accumulate one minute of physi-
ological identification signal and perform one-time com-
pression to generate the first compressed signal, or the
compression module 114 can perform the compression pro-
cess after accumulating one second of the physiological
identification signal, so that the first compressed signal is
generated after performing the compression process 60
times. In this embodiment, the compressing process on the
physiological identification signal having at least one first
predetermined length of time is performed by using DCT,
DWT, PCA or CS technique.

In this embodiment, the noise processing module 118 can
be used to remove noise from the physiological identifica-
tion signal having at least one first predetermined length of
time before the compression module 114 performs the
compression process on the physiological identification sig-
nal having at least one first predetermined length of time.

The first transmission module 116 is connected to the
compression module 114 and can be used to transmit the first
compressed signal. The compression module 114 may first
accumulate the physiological identification signal for the
first predetermined length of time and then compress to
generate the first compressed signal, or may compress the
received physiological identification signal every second
and generate the first compressed signal after compressing
the physiological identification signal of the first predeter-
mined length of time, so the first transmission module 116
can transmit the first compressed signal at a time or can
segmentally transmit the first compressed signal.

In the embodiment, the identification computer device
120 may comprise a first signal separation module 122 and
an identification module 124. The first signal separation
module 122 may be configured to receive the first com-
pressed signal and obtain the first identification information
of'the first compressed signal in the discrimination subspace
according to the principal eigenvector. In an actual imple-
mentation, the first signal separation module 122 may divide
the first compressed signal into the first identification infor-
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mation in the discrimination subspace and the first comple-
mentary information in the complementary subspace
according to the principal eigenvectory. Because the first
complementary information belongs to the feature informa-
tion commonly owned by each person, the first complemen-
tary information is not considered when performing identity
identification.

The identification module 124 is configured to receive the
first identification information, and recognize the first iden-
tification information according to the classification model
from the learning computer device 130, to determine that the
user is one of the subjects that measure the physiological
identification signal when the sensing wearable device 110
is in the learning mode. The classification model may be a
model trained using the physiological identification signal of
a plurality of subjects through the machine learning algo-
rithm by the learning computer device 130, and the classi-
fication model may be changed depending on the subjects.

In more detail, the identification module 124 performs the
identification calculation on the first identification informa-
tion according to the classification model from the learning
computer device 130 to generate a one-dimensional array
corresponding thereto, and searches for the number in the
setting information corresponding to each subject from the
learning computer device 130 according to the one-dimen-
sional array (the number is presented in a one-dimensional
array manner). When the corresponding number is found,
the name (i.e., the name of the subject) corresponding to the
number is output. In other words, it is determined that the
user is one of the subjects that measure the physiological
identification signal when the sensing wearable device 110
is in the learning mode.

It should be noted that the sensing wearable device 110,
the identification computer device 120 and the learning
computer device 130 may respectively comprise a storage
module (not drawn) for storing the physiological identifica-
tion signal, the first compressed signal, the second com-
pressed signal, the first identification information, the sec-
ond identification information, the principal eigenvectory
or/and the setting information corresponding to each subject.

In addition, in the embodiment, the identification com-
puter device 120 and the learning computer device 130 are
two different devices. In actual implementation, the identi-
fication computer device 120 and the learning computer
device 130 can be one device, and the first signal separation
module 122 and the second signal separation module 132
can be one module, and there are different names and
symbols only for distinguishing the role played in the
learning stage (learning mode) or the identification stage
(identification mode), and at this time, the second transmis-
sion module 136 can be omitted.

Furthermore, the identity recognition system 100 based
on the compressed signal can also be applied to assist in
determining whether the user has a particular disease. For
example, when the sensing wearable device 110 is in the
learning mode, the setting module 111 receives the data for
each subject, who is in the healthy state, input by the
operator of the identity recognition system 100, before the
measurement module 112 continuously measures the ECG
signal of each subject having at least one second predeter-
mined length of time; that is, setting information corre-
sponding to each subject can be received, wherein the setting
information may comprises the information about whether
the subject has atrial fibrillation (Af) or not, wherein the
one-dimensional array can be used to indicate whether the
subject has Af. It should be noted that some subjects need to
have Af, and some subjects do not have Af. The measure-
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ment module 112 continuously measures the ECG signal of
each subject having at least one second predetermined
length of time, and the compression module 114 performs
the compress process on the ECG signal of each subject
having at least one second predetermined length of time to
generate the second compressed signal, and the first trans-
mission module 116 transmits the second compressed signal
corresponding to each subject. The learning computer
device 130 receives the second compressed signal corre-
sponding to each subject, and obtains second identification
information of the second compressed signal corresponding
to each subject in the discrimination subspace according to
the principal eigenvector, and trains the classification
model according to the second identification information
through a machine learning algorithm, and transmits the
classification model and the setting information to the iden-
tification computer device 120. The principal eigenvectory
may be a preset vector set by the operator of the identity
recognition system 100 according to his experience, or may
be obtained by using the ECG signal of multiple subjects
through the PCA technology (some subjects have Af and
some subjects have no Af). The principal eigenvectory does
not change depending on the subject.

When the sensing wearable device 110 is in the identifi-
cation mode, it continuously measures the ECG signal of the
user having at least one first predetermined length of time,
and compresses the ECG signal having at least one first
predetermined length of time to generate the first com-
pressed signal, and transmits the first compressed signal.
The identification computer device 120 receives the first
compressed signal, and obtains the first identification infor-
mation of the first compressed signal in the discrimination
subspace according to the principal eigenvectory, and per-
forms identity identification on the first identification infor-
mation according to the classification model from the learn-
ing computer device 130 to determine whether the user has
Af. In more detail, the identification module 124 performs
the identification calculation on the first identification infor-
mation according to the classification model from the learn-
ing computer device 130 to generate the one-dimensional
array corresponding thereto. The identification module 124
determines that the one-dimensional array corresponding
thereto matches the one-dimensional array that indicates the
subject has Af or the one-dimensional array that indicates
the subject has no Af from the learning computer device 130.
According to the matching result, the corresponding result is
output. In other words, the user is determined whether he has
Af or not.

Next, please refer to FIG. 2A, and FIG. 2A is a flowchart
of an embodiment of a learning stage of an identity recog-
nition method based on compressed signals performed by
the identity recognition system of FIG. 1. The method for
recognizing the identification based on the compressed
signals may comprise the steps of: continuously measuring
a physiological identification signal of each subject having
at least one second predetermined time when the sensing
wearable device being in a learning mode, and performing
the compression process on the physiological identification
signal of each subject having at least one second predeter-
mined time to generate a second compressed signal, and
transmitting the second compressed signal corresponding to
each subject (step 210); and the learning computer device
receiving the second compressed signal corresponding to
each subject, and obtaining second identification informa-
tion of the second compressed signal in the discrimination
subspace according to the principal eigenvector, and training
a classification model according to the second identification
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information through a machine learning algorithm, and
transmitting the classification model to the identification
computer device (step 220). The detailed description has
been described above and does not be described here.

Through the above steps, the learning computer device
120 can obtain the second identification information corre-
sponding to each subject according to the principal
eigenvectoryp, and then trains the classification model
according to the second identification information through
the machine learning algorithm, and the classification model
is adjusted depending on the subjects, so that the identifi-
cation computer device 120 can perform identity identifica-
tion according to the adjusted classification model to main-
tain the accuracy of identity recognition.

Please refer to FIG. 2B, and FIG. 2B is a flowchart of an
embodiment of an identification stage of the identity recog-
nition method based on the compressed signals performed
by the identity recognition system of FIG. 1. The method for
recognizing the identification based on the compressed
signals may further comprise the steps of: continuously
measuring a physiological identification signal of a user
having at least one first predetermined time when the
sensing wearable device being in a identification mode, and
performing the compression process on the physiological
identification signal having the at least one first predeter-
mined time to generate a first compressed signal, and
transmitting the first compressed signal (step 230); and the
identification computer device receiving the first com-
pressed signal, and obtaining first identification information
of the first compressed signal in the discrimination subspace
according to the principal eigenvector, and receiving the first
identification information, and recognizing the first identi-
fication information according to the classification model
from the learning computer device, to determine that the
user is one of multiple subjects (step 240). The compressing
process on the physiological identification signal having at
least the first predetermined length of time is performed by
using DCT, DWT, PCA or CS technology. Moreover, the
sensing wearable device removes noise from the physiologi-
cal identification signal having at least one first predeter-
mined length of time before the compression module 114
performs the compression process on the physiological
identification signal having at least one first predetermined
length of time. The detailed description has been described
above and does not be described here.

Through the above steps, when the sensing wearable
device 110 is in the identification mode, it continuously
measures the physiological identification signal of the user
having at least one first predetermined length of time and
performs the compress process on the physiological identi-
fication signal of the user having at least one first predeter-
mined length of time to generate the first compressed signal,
and transmits the first compressed signal. The identification
computer device 120 receives the first compressed signal,
and obtains the first identification information of the first
compressed signal in the discrimination subspace according
to the principal eigenvectory, and performs identity identi-
fication on the first identification information according to
the classification model from the learning mode 130 to
determine that the user is one of the plurality of subjects.
Therefore, the sensing wearable device 110 uses the com-
pressive technology to reduce the energy required to trans-
mit signals and prolong the service life of the battery; the
identification computer device 120 performs identity iden-
tification on the first compressed signal according to the
principal eigenvectory and the dynamically adjusted clas-
sification model, without reconstruction of the first com-
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pressed signal transmitted by the sensing wearable device
110, thereby simplifying the calculation procedure and
reducing the time required for identity recognition.

The method for recognizing the identification based on
the compressed signals further comprises the following step
of: the sensing wearable device receiving setting informa-
tion corresponding to each subject when the sensing wear-
able device is in the learning mode, to transmit the second
compressed signal and the setting information correspond-
ing to each subject to the learning computer device (not
drawn). The detailed description has been described above
and does not be described here.

It should be noted that, if there is no causal relationship
in the above steps, the present invention does not limit the
order of execution thereof.

Hereinafter, the description of the learning stage can be
made by way of an embodiment with reference to FIG. 1,
and FIG. 3A to FIG. 7. Please refer to FIG. 1 and FIG. 3Ato
FIG. 3C, wherein FIG. 3Ato FIG. 3C are schematic dia-
grams of the ECG signals of three different subjects mea-
sured by a sensing wearable device of the present invention.
In this embodiment, the single sensing wearable device 110
is worn on three subjects (subject A, subject B and subject
C) separately for measuring the ECG signal thereof. When
the sensing wearable device 110 is in the learning mode, the
measurement module 112 can measure the ECG signal of
each subject through the sensors it has. FIG. 3A is a
schematic diagram of the ECG signal of the subject A, FIG.
3B is a schematic diagram of the ECG signal of the subject
B, and FIG. 3C is a schematic diagram of the ECG signal of
the subject C. The measurement time can be limited to one
hour. However, in order to avoid drawings of FIG. 3A to
FIG. 3C being too large and complicated, only the ECG
signals measured for one minute are represented. In this
embodiment, the measurement module 112 can measure a
256-dimensional ECG signal over one minute.

Next, please refer to FIG. 1 and FIG. 4A to FIG. 4C, and
FIG. 4A to FIG. 4C are schematic diagrams of the ECG
signals of FIG. 3A to FIG. 3C after removing noise. In this
embodiment, the noise processing module 118 may first
remove the noise from the ECG signals of FIG. 3A to FIG.
3C, and then provide the compression module 114 for
compression.

Please refer to FIG. 1 and FIG. 5A to FIG. 5C. FIG. 5A
to FIG. 5C are schematic diagrams of the second com-
pressed signal generated after compressing the noise-remov-
ing ECG signals of FIG. 4A to FIG. 4C are compressed. In
this embodiment, the compression module 114 can perform
the compression process on the ECG signal of each subject
having one hour to generate the second compressed signal
corresponding thereto. FIG. 5A is a schematic diagram of
the second compressed signal of the subject A, FIG. 5B is a
schematic diagram of the second compressed signal of the
subject B, and FIG. 5C is a schematic diagram of the second
compressed signal of the subject C. In this embodiment, the
compression module 114 can compress the 256-dimensional
ECG signal into a 128-dimensional second compressed
signal through the CS technology.

Please refer to FIG. 1 and FIG. 6A to FIG. 6C, wherein
FIG. 6A to FIG. 6C are schematic diagrams of second
identification information corresponding to three different
subjects obtained by a learning computer device of the
present invention. In this embodiment, the second signal
separation module 132 can obtain the second identification
information of the second compressed signal corresponding
to each subject in the discrimination subspace according to
the principal eigenvectory. FIG. 6A is a schematic diagram
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of the second identification information corresponding to
subject A, FIG. 6B is a schematic diagram of the second
identification information corresponding to subject B, and
FIG. 6C is a schematic diagram of the second identification
information corresponding to subject C. In order to avoid
drawings of FIG. 6A to FIG. 6C being too large and
complicated, and only the second identification information
of the second compressed signals of FIG. 5A to FIG. 5C in
the discrimination subspace obtained by the second signal
separation module is used as representatives. In this embodi-
ment, the principal eigenvectory is an eigenvector of 256x
39 dimensions, so that the second identification information
of FIG. 6A to FIG. 6C is the second identification informa-
tion of 39 dimensions.

The principal eigenvectory may be a preset vector set by
the operator of the identity recognition system 100 accord-
ing to his experience, or may be obtained by using physi-
ological identification signals of multiple subjects through
the PCA technology. The dimension of principal
eigenvectory can be adjusted according to actual needs. It
should be noted that the compression technique used by the
compression module 114 and the dimension of the second
identification information may affect the accuracy of the
subsequent identity recognition, as shown in FIG. 7. FIG. 7
is a schematic diagram showing the relationship between the
accuracy of the different compression techniques and the
dimension of the second identification information, wherein
the vertical axis represents the accuracy of identity recog-
nition, and the larger the value, the better; the horizontal axis
represents the dimension of the second identification infor-
mation; each series can represent the compression technique
used by the compression module 114, which can be DCT
technology (series labeled with triangulars), DWT technol-
ogy (series labeled with crosses), PCA technology (series
labeled with squares) and CS technology (series labeled with
circles). In the FIG. 7, it can be seen that the relationship
between the dimension of the second identification infor-
mation and the accuracy of identity recognition is almost the
same when DCT technology and PCA technology are used
by the compression module 114. The higher the dimension
of the second identification information, the higher the
accuracy of identity recognition when DCT technology,
DWT technology, PCA technology or CS technology are
used by the compression module 114.

In this embodiment, the machine learning module 134 can
train the classification model according to the second iden-
tification information through the machine learning algo-
rithm. The second transmission module 136 can transmit the
classification model to the identification computer device
120. Whenever a new subject is added, the classification
model generated by the machine learning module 134 is
changed, and the second transmission module 136 can
transmit the latest classification model to the identification
computer device 120, so that the identification computer
device 120 maintains the accuracy of identity recognition.

In summary, it can be seen that the difference between the
present invention and the prior art is that when in an
identification mode, a sensing wearable device continuously
measures a physiological identification signal of a user
having at least one first predetermined time, and performs a
compression process on the physiological identification sig-
nal having at least one first predetermined time to generate
a first compressed signal, and transmits the first compressed
signal; and an identification computer device receives the
first compressed signal, and obtains first identification infor-
mation of the first compressed signal in a discrimination
subspace according to a principal eigenvector, and receives
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the first identification information, and recognizes the first
identification information according to a classification
model from a learning computer device, to determine that
the user is one of multiple subjects. By using a technical
means, the problem of the prior art can be solved. The
sensing wearable device can use compressive technology to
reduce the energy required to transmit signals and prolong
the service life of the battery; and the identification com-
puter device performs identity identification on the first
compressed signal according to the principal eigenvector
and the dynamically adjusted classification model, without
reconstruction of the first compressed signal transmitted by
the sensing wearable device, thereby simplifying the calcu-
lation procedure and reducing the time required for identity
recognition.

In addition, the learning computer device may obtain the
second identification information corresponding to each
subject according to the principal eigenvector, and then
trains the classification model according to the second
identification information corresponding to each subject
through the machine learning algorithm, and adjusts the
classification model depending on the subjects. The identi-
fication computer device can perform identity identification
according to the adjusted classification model to maintain
the accuracy of identity recognition.

The present disclosure disclosed herein has been
described by means of specific embodiments. However,
numerous modifications, variations and enhancements can
be made thereto by those skilled in the art without departing
from the spirit and scope of the invention set forth in the
claims.

What is claimed is:

1. An identity recognition system based on compressed
signals, comprising:

a sensing wearable device, having an identification mode
and a learning mode and including a measurement
module, a compression module and a first transmission
module, wherein when the sensing wearable device is
in the identification mode, the measurement module is
configured to continuously measure a physiological
identification signal of a user having at least one first
predetermined length of time, and the compression
module is configured to perform a compression process
on the physiological identification signal having at least
one first predetermined length of time to generate a first
compressed signal, and the first transmission module is
configured to transmit the first compressed signal; and

an identification computer device, including a first signal
separation module and an identification module,
wherein the first signal separation module is configured
to receive the first compressed signal, and obtain first
identification information of the first compressed signal
in a discrimination subspace according to a principal
eigenvector, and the identification module is configured
to receive the first identification information, and rec-
ognize the first identification information according to
a classification model from a learning computer device,
to determine that the user is one of multiple subjects
without reconstruction of the first compressed signal
transmitted by the measurement module, when the
sensing wearable device is in the learning mode, the
measurement module is configured to continuously
measure a physiological identification signal of each
subject having at least one second predetermined length
of time, and the compression module is configured to
perform the compression process on the physiological
identification signal of each subject having at least one
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second predetermined length of time to generate a
second compressed signal, and the first transmission
module is configured to transmit the second com-
pressed signal corresponding to each subject, and the
learning computer device comprises a second signal
separation module, a machine learning module and a
second transmission module, wherein the second signal
separation module is configured to receive the second
compressed signal corresponding to each subject, and
obtain second identification information of the second
compressed signal in the discrimination subspace
according to the principal eigenvector, and the machine
learning module is configured to train the classification
module according to the second identification informa-
tion through a machine learning algorithm, and the
second transmission module is configured to transmit
the classification model to the identification computer
device, wherein the compression process on the physi-
ological identification signal having at least one first
predetermined length of time is performed by using
discrete cosine transform (DCT), discrete wavelet
transformation (DWT), principal component analysis
(PCA) or compressive sensing (CS) technology.

2. The identity recognition system according to claim 1,
wherein the sensing wearable device further includes a
setting module for receiving setting information correspond-
ing to each subject when the sensing wearable device is in
the learning mode, to make the first transmission module
transmit the second compressed signal and the setting infor-
mation corresponding to each subject to the learning com-
puter device.

3. The identity recognition system according to claim 1,
wherein the sensing wearable device further includes a noise
processing module for removing noise from the physiologi-
cal identification signal having at least one first predeter-
mined length of time before the compression module per-
forms the compression process on the physiological
identification signal having at least one first predetermined
length of time.

4. An identity recognition method based on compressed
signals, comprising:

when being in a identification mode, a sensing wearable

device continuously measuring a physiological identi-
fication signal of a user having at least one first pre-
determined length of time, and performing a compres-
sion process on the physiological identification signal
of the user having at least one first predetermined
length of time to generate a first compressed signal, and
transmitting the first compressed signal; and an iden-
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tification computer device receiving the first com-
pressed signal, and obtaining first identification infor-
mation of the first compressed signal in a
discrimination subspace according to a principal eigen-
vector, and receiving the first identification informa-
tion, and recognizing the first identification information
according to a classification model from a learning
computer device, to determine that the user is one of
multiple subjects without reconstruction of the first
compressed signal transmitted by he measurement
module, the sensing wearable device, when being in a
learning mode, continuously measuring a physiological
identification signal of each subject having at least one
second predetermined length of time, and performing
the compression process on the physiological identifi-
cation signal of each subject having at least one second
predetermined length of time to generate a second
compressed signal, and transmitting the second com-
pressed signal corresponding to each subject, and

the learning computer device receiving the second com-

pressed signal corresponding to each subject, and
obtaining second identification information of the sec-
ond compressed signal in the discrimination subspace
according to the principal eigenvector, and train the
classification model according to the second identifi-
cation information through a machine learning algo-
rithm, and transmitting the classification model to the
identification computer device, wherein the compres-
sion process on the physiological identification signal
having at least one first predetermined length of time is
performed by using DCT, DWT, PCA or CS technol-
ogy.

5. The identity recognition method according to claim 4,
wherein further comprising:

the sensing wearable device receiving setting information

corresponding to each subject when the sensing wear-
able device is in the learning mode, to transmit the
second compressed signal and the setting information
corresponding to each subject to the learning computer
device.

6. The identity recognition method according to claim 4,
wherein before the step of performing the compression
process on the physiological identification signal having at
least one first predetermined length of time, further com-
prising: removing noise from the physiological identifica-
tion signal having at least one first predetermined length of
time.
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