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FIG. 3

US 2020/0054262 A1

{

INPUT: CONVOLUTIO

N LAYER QUTPUT}—* $203

Y

COMPLETELY CONNECTED |

NERVE LAYER

v

COMPLETELY CONNECTED
NERVE LAYER

v
see

COMPLETELY CONNECTED
NERVE LAYER

T~ 8204

¥

PROBABILITY ON EACH

STRESS LEVEL

1205



Patent Application Publication  Feb. 20,2020 Sheet 4 of 7 US 2020/0054262 A1

FIG. 4

[mpur: ORIGINAL su:aNAL}

¥
CONVOLUTION LAYER 41 5ACK PROPAGATION:
¥ | UPDATE CONVOLUTION
LAYER WEIGHT
DENSE LAYER I
L
ESTIMATED STRESS BACK PROPAGATION:
LEVEL UPDATE DENSE LAYER
v | WEIGHT
[ COMPARE ESTIMATED
STRESS LEVEL WITH
USER RECOGNIZED
9 STHESS LEVEL ;




US 2020/0054262 A1

Sheet 5 of 7

Feb. 20, 2020

Patent Application Publication

L5 85838l1S
NIHHND HNOA

ug < izg 1g
4445930
SS3dls
HOV3 NO
ALTIEVE0dd

S Ol

SIVNDIS-0ld




US 2020/0054262 A1

Feb. 20,2020 Sheet 6 of 7

Patent Application Publication

X3ANI $5341S 40 \wdj&mmm;

X3ANI §5341S 4O NOI %3304%0 .{,m _

/

0001t

HOLINGA
SS3is

DYoL

LINN SISATYNY >mz M
AHAVHOOIaHYO ~

Wy JOlid

9 Oi




Patent Application Publication  Feb. 20,2020 Sheet 7 of 7 US 2020/0054262 A1

FIG. 7
Prior Art
2000
/

¥
MEASURE HRV |

:
CALCULATE STRESS
INDEX AND FATIGUE

INDEX BASED ON HRV

:
CALCULATE HEALTH INDEX
BASED ON STRESS INDEX
AND FATIGUE INDEX

PROGRAM BASED ON

i
GENERATE HEALTH CARE
STRESS INDEX

:
DISPLAY GENERATED
HEALTH CARE PROGRAM




US 2020/0054262 Al

METHOD FOR REAL TIME ANALYZING
STRESS USING DEEP NEURAL NETWORK
ALGORITHM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Korean Patent
Application No. 10-2018-0095468, filed on Aug. 16, 2018,
and all the benefits accruing therefrom under 35 U.S.C. §
119, the contents of which in its entirety are herein incor-
porated by reference.

BACKGROUND

1. Field

[0002] The present invention relates to an analysis method
of stress in everyday life and, more specifically, to a stress
analysis method in which a stress state of a test subject is
determined in real time on the basis of bio-signals measured
from the test subject to output the stress state to the test
subject.

[0003] Description about National Research and Devel-
opment Support

[0004] This study was supported by the biomedical tech-
nology development program of Ministry of Science and
ICT, Republic of Korea (Projects No. 1711058668 and
1711061023) under the superintendence of National
Research Foundation of Korea.

2. Description of the Related Art

[0005] Stress is considered to be a determinant of quality
of life, and accumulated stress is likely to cause a variety of
diseases such as depression, heart disease, and hypertension.
Accordingly, the application range of a stress monitoring
system is expanding for the purpose of prevention of dis-
eases caused by stress and a health care function in everyday
life.

[0006] In general, when a person is under stress, a change
occurs within actions in the body. Such a change is caused
by the action of an autonomic nervous system including
sympathetic nerves and parasympathetic nerves.

[0007] Many studies have analyzed various bio-signals to
find out the relationship between the autonomic nervous
system and stress. Representative examples of bio-signals
representing the change of the autonomic nervous system
include electrocardiogram, electroencephalogram, skin con-
ductivity, and the like.

[0008] In particular, the electrocardiogram is obtained by
measuring electrical signals from the heart, and includes
signal characteristics called the waveform of PQRST.
[0009] Specifically, when an electrocardiogram signal is
used in stress analysis, variability of a heart rate called heart
rate variability is used. The heart rate variability can be
obtained by measuring the interval of R peaks among the
electrocardiogram signal characteristics described above.
[0010] In other words, according to the prior arts, a heart
rate variability parameter applied to monitor stress is cal-
culated as a predetermined index to output a stress state at
a specific time point.

[0011] However, in the conventional stress analysis
method, it is possible to obtain a meaningful result of
analysis about a stress state only when heart rate variability
is extracted from the electrocardiogram signal of at least 5
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minutes. The method includes a process of extracting R
peaks from the electrocardiograni signal, and necessarily
includes a preprocessing process due to vulnerability to
external noise such as body movement.

[0012] In addition, since the conventional stress analysis
method is the analysis of time, frequency, and nonlinear
characteristics of the R peak interval of the heart rate
variability, there are many cases in which the analysis result
value largely depends on R peak detection performance.
[0013] In conclusion, in the conventional stress analysis
method, it is practically difficult to analyze stress in real
time, since various noise elimination and preprocessing
steps are involved to accurately detect R peaks in everyday
life in real time.

[0014] Forexample, asillustrated in FIG. 6, Korean Patent
Publication No. 10-1006534 describes a system 1000 that
extracts HRV from an electrocardiogram signal at intervals
of 5 minutes, and calculates and evaluates a stress index.
[0015] In addition, as illustrated in FIG. 7, Korean Patent
Publication No. 10-1264156 describes a health care system
2000 that uses a stress index acquired from HRV.

[0016] However, since the systems described in Korean
Patent Publication No. 10-1006534 and Korean Patent Pub-
lication No. 10-1264156 use HRV as described above, there
is a problem that it is difficult to analyze stress in real time.

RELATED ART
[0017] Korean Patent Publication No. 10-1006534
[0018] Korean Patent Publication No. 10-1264156
SUMMARY
[0019] In order to solve the problems of the prior arts

described above, the invention is to provide a stress analysis
method using a method of end-to-end learning through a
deep neural network algorithm without the need for separate
preprocessing and feature extraction such as HRV to monitor
stress in everyday life of a test subject in real time.

[0020] In addition, the invention is to provide a stress
analysis method customized for a test subject, in which
neural network is not require additional training process due
to pre-trained model and a weight is updated on the basis of
electrocardiogram of a test subject.

[0021] In addition, the invention is to provide a stress
analysis method that can accurately analyze a stress level of
a test subject by using a plurality of bio-signals that can
express change in an autonomic nervous system of a user to
accurately estimate a stress level of a system.

[0022] In order to achieve the above-described technical
object, the invention may provide a stress analysis method
including: acquiring bio-signals from a test subject; calcu-
lating a probability of each of a plurality of stress level
values by processing the bio-signals using a deep neural
network algorithm; estimating a stress level value with the
maximum probability of the stress level values as a stress
level value of the test subject; determining usefulness of the
estimated stress level value; and outputting the estimated
stress level value determined to be useful through the
determination of usefulness, as the final stress level.
[0023] In addition, the step of determining the usefulness
of the estimated stress level value according to the invention
may include determining that the estimated stress level value
is useless when the probability of the estimated stress level
value is less than a threshold value, receiving a recognized
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stress level from the test subject, applying the recognized
stress level value to the deep neural network algorithm,
updating the deep neural network algorithm, and repeating
the stress analysis through the updated deep neural network
algorithm.

[0024] In addition, the bio-signals according to the inven-
tion may be consecutive signal data, and the bio-signals may
include one or more signals selected from bio-signals rep-
resenting change of an autonomic nervous system including
electrocardiogram, electroencephalogram, and skin conduc-
tivity.

[0025] In addition, the deep neural network algorithm
according to the invention may include a convolutional
neural network algorithm.

[0026] In addition, the stress analysis method according to
the invention may further include informing the test subject
of an alarm when the output stress level value is higher than
a risk stress level value input by the test subject.

[0027] In addition, the stress analysis method according to
the invention may further include storing the output stress
level value in a database, statistically analyzing the values
stored in the database, and outputting the result thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 is a flowchart schematically illustrating a
stress analysis method according to an embodiment of the
invention;

[0029] FIG. 2 and FIG. 3 are flowcharts schematically
illustrating a method for measuring stress using a deep
neural network algorithm in the stress analysis method
according to the embodiment of the invention, in which FIG.
3 describes a method for obtaining a probability of each
stress level value using values processed in FIG. 2;

[0030] FIG. 4 is a flowchart schematically illustrating that
an estimated stress level value of a test subject is applied to
the deep neural network algorithm in the stress analysis
method according to the embodiment of the invention;
[0031] FIG. 5 is a diagram schematically illustrating that
the stress analysis method according to the embodiment of
the invention is applied to a mobile device to output a stress
index;

[0032] FIG. 6 is a diagram schematically illustrating a
conventional stress analyzing system according to Korean
Patent Publication No. 10-1006534; and

[0033] FIG. 7 is a diagram schematically illustrating a
conventional stress analyzing system according to Korean
Patent Publication No. 10-1264156.

DETAILED DESCRIPTION

[0034] Hereinafter, a stress analysis method according to
the invention will be described through preferred embodi-
ments with reference to the accompanying drawings.
[0035] In various embodiments, the same sign is used for
a constituent element with the same configuration to repre-
sentatively describe an embodiment, and only different
constituent elements will be described for the other embodi-
ments.

[0036] Before the description, a deep neural network algo-
rithm used in an embodiment of the invention will be briefly
described.

[0037] The deep neural network algorithm has been
actively studied recently according to the development of
hardware and computing algorithms, and the deep neural
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network algorithm is used for tasks or applications that were
difficult to achieve through the existing machine learning.
[0038] Specifically, the deep neural network algorithm has
a structure in which many neurons are connected to each
other like a human neural network, and classifies what
cannot be classified through machine learning using the deep
neural network algorithm. The deep neural network algo-
rithm is applied to many fields to increase work efficiency or
to provide high quality information to a service user.
[0039] In addition, a convolutional neural network algo-
rithm of the deep neural network algorithm is used to extract
features from input data to train the fully-connected network
based on the features thereafter.

[0040] Accordingly, in the following embodiment of the
invention, the above-described convolutional neural net-
work algorithm is used. As will be described later, in the
embodiment of the invention, non-preprocessed bio-signals
are directly input to analyze stress through the deep neural
network algorithm such as the convolutional neural network.
[0041] FIG. 1 is a flowchart schematically illustrating a
stress analysis method according to an embodiment of the
invention.

[0042] As illustrated in FIG. 1, bio-signal data of a test
subject are acquired for stress level analysis of the test
subject (S100). Such bio-signals may be all bio-signals
which can represent autonomic nervous system activities of
the test subject such as electrocardiogram, electroencepha-
logram, and skin conductivity.

[0043] In addition, an input value may be one or more
bio-signals. For example, when an electrocardiogram is
used, R peak values are detected through preprocessing and
heart rate variability is extracted on the basis thereof in the
related art. However, in the invention, raw bio-signals are
input to a deep neural network algorithm without such a
preprocessing process.

[0044] Next, a stress probability is calculated on the basis
of the deep neural network algorithm (S200). The stress
probability of a test subject is calculated on the basis of input
data through a plurality of neural networks having respective
weight.

[0045] As described above, the neural network is config-
ured with one or more layers, and there are a plurality of
neurons in one layer. In the invention, the deep neural
network algorithm is utilized for stress analysis, and the final
output of such a deep neural network may be a probability
of each stress level.

[0046] Next, usefulness of an estimated stress level is
inspected (S300). It is determined that the stress level value
is not useful when the highest probability of the outputs of
the deep neural network algorithm is equal to or less than a
threshold value. It is possible to update the weight of the
deep neural network algorithm by requesting an true label
for the stress level from the test subject to adjust the weight
of the deep neural network algorithm so that it fits the test
subject (S500).

[0047] If the probability of the stress level value exceeds
the threshold value, the stress level of the test subject can be
immediately output without the update of the weight (S400).
In this case, the stress level value having the highest
probability among the output values of the deep neural
network algorithm can be analyzed as the current stress level
of the test subject.

[0048] FIG. 2 and FIG. 3 are flowcharts schematically
illustrating a stress analysis method using a deep neural
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network algorithm in the stress analysis method according to
the embodiment of the invention.

[0049] As illustrated in FIG. 2 and FIG. 3, a convolutional
neural network may include a convolution layer, a pooling
layer, and a dense layer. A role and specific formulas in each
layer will be described.

[0050] In FIG. 2, the convolution layer includes a plurality
of filters each having a weight and a pooling operation. In a
convolution method (S201) of the filter and original signals,
original signals (X, X,, . . . X,) are input to the deep neural
network algorithm, and convolution of the original signals
and each filter is performed as follows.

s®@w=c{cy,cy, - . -, C}

[0051] When the convolution is performed, a movement
stride of the filter may be a value of one or more. Consid-
ering signal size, movement stride, and filter size, when the
desired number of outputs of the convolution is not obtained,
zero-padding may be performed by adding zero to the signal.
[0052] For example, when an electrocardiogram raw sig-
nal X={X,, X, . . . , X, 4o} sampled for one second at 100 Hz
is processed by two filters w,={w,,, W ., W 3}, W,={w,,
W5, Wa3 | having a size of three, the following result may be
obtained when the filter movement stride is set to one and
the number of outputs is set to be equal to the length of the
original signal to perform the convolution.

x=10,0,%1, %2, ... , X100} = {¥_1. X0, X1, X2, .. X100} (zero-padding)
3

X@w, =
=

i

Xijwi =6 —2=j=97

X@w, =

i

3
Xy Wy = =2 j< 07
=1

¢ ={cy, c2}, shape = (2, 100)

[0053] Next, the dimension of the output of the convolu-
tion is reduced through the pooling operation (S202). The
pooling operation may be maximum value pooling and
average value pooling. The maximum value pooling returns
the largest value of incoming input values, and the average
value pooling returns an average value of the inputs. The
incoming input values are returned as one of the maximum
value or the average value to reduce the dimension of the
input values.

[0054] For example, when the maximum value pooling
operation with an input dimension=(2, 100), a pooling
window of 5, and a pooling window movement stride of 5
is performed, the following result may be obtained.

.l LoLon 1
pooling; = max({cy, ¢3, ¢3, ¢4, €5})

ool 1 1
pooling,, =max({cgg, ... » Cpoo))

poolingf = max({cf, e cg})

poolingy, = max(ics, ... ,Ciool)
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[0055] Finally, it is possible to see reduction from the
dimension (2, 100) to the dimension (2, 20).

[0056] In short, as illustrated in FIG. 2, it is possible to
extract features of signals using the neural network from the
raw signals through the overlapping convolution and pool-
ing operation. The convolution of original signal or the
output of the previous operation and the filter is performed
to extract the features and the dimension of the input is
reduced through pooling operation, finally thereby reducing
the number of dimensions of the input incoming to the dense
layer illustrated in FIG. 3 and reducing the operation nec-
essary therein.

[0057] InFIG. 3, the dense layer receives the output value
of the convolution layer as the input value. The output value
of the convolution layer means features extracted from the
raw signal and the output value with the dimension reduced
through the pooling,

[0058] The extracted features are learned to a completely
connected neural layer each of which has a weight and in
which all neurons are connected, to finally obtain a prob-
ability for each stress level value (S205).

[0059] For example, when the output of k stress levels,
two completely connected neural layers, and the convolution
layer is

[ci c%o]

c= s

d o

the following operation is performed.

11 1 2 2 [
c=[c], ¢35 .in 5 Cops €15 onn Chg) =1, €2y ..., C40], shape = (1, 40)

1 1
wpo. Wj

Lst FC layer= , shape = (40, /)

Wi W
W W
2nd FC layer = : |, shape = (j, k)

output layer = inputx FC layers2nd FC layer, shape = (1, k)

output layer =1{py, p2, ... , pi} (k-level stress)

[0060] In other words, a stress level value with the highest
probability of a set {p;, P», - . . » px} having a probability for
k stress levels may be estimated as a current stress level
value of the test subject.

[0061] FIG. 4 is a flowchart schematically illustrating that
an estimated stress level value of a test subject is applied to
the deep neural network algorithm in the stress analysis
method according to the embodiment of the invention.

[0062] As illustrated in FIG. 4, according to the invention,
stress of a test subject 1s estimated on the basis of the deep
neural network algorithm. Since a stress degree may vary
according to personal characteristics, stress of the test sub-
ject may not be accurately estimated through the learned
deep neural network algorithm.
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[0063] Accordingly, in the case of

Parg max pi <0

<jsm

for a critical point 8, a true label for the stress level is
received from the test subject, and the weight can be newly
updated as customization for the test subject. Specifically,
the weight of the neural network algorithm with a preceding
weight can be changed by comparing the estimated stress
level value with the recognized stress level value of the test
subject. A function used in the comparison may use various
types of comparison (cost) formulas, and the weight of the
deep neural network algorithm can be updated such that the
function gets closer to zero.

[0064] For example, in the case of a cross-entropy func-
tion, when the estimated stress level value is H(x) and the
recognized stress level value input from the test subject is y,
the comparison value (cost) is defined as cost=—[yln(H(x))+
In(1-H(x))], the weight value is updated such that the
comparison value (cost) is zero through error back propa-
gation, to finally configure the deep neural network algo-
rithm customized for the test subject.

[0065] FIG. 5 is a diagram schematically illustrating that
the stress analysis method according to the embodiment of
the invention is applied to a mobile device to output a stress
index.

[0066] As illustrated in FIG. 5, the analysis method based
on the deep neural network algorithm is applied to a mobile
device so that it is possible to display the current stress of the
test subject by receiving the bio-signals of the test subject.
Such a mobile device can receive the bio-signals, analyze
stress, and output the measured stress level value.

[0067] Specifically, in order to collect data for measure-
ment of stress from a sensor, for example, in the case of an
electrocardiogram, the electrocardiogram is measured in the
chest and the corresponding raw signal can be transmitted to
the mobile device through Bluetooth or other wireless
communication.

[0068] In addition, in order to analyze stress of the test
subject based on bio-signals, the bio-signals transmitted
from the sensor are transmitted to the mobile device and the
raw signals are input to the deep neural network algorithm
of the invention as they are. As with the description above,
the stress level value is measured on the basis of the deep
neural network algorithm, and the probability for each stress
level is obtained as a result value.

[0069] In addition, the highest level of probabilities for
stress levels obtained through a mobile application is
selected to display the current stress level value of the test
subject.

[0070] Meanwhile, in order to inspect the usefulness of the
input data, when the highest value of the probabilities of the
stress levels is smaller than a set threshold value, the test
subject may be required to input a stress degree which the
test subject feels currently through the application.

[0071] The test subject inputs the stress level value cur-
rently recognized by the test subject, and the deep neural
network algorithm receives the value and updates the weight
according to the test subject.

[0072] Subsequently, since the stress can be analyzed on
the basis of the updated deep neural network algorithm as
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described above, it is possible to accurately analyze the
stress by learning the state of the test subject.

[0073] According to the invention, it is possible to use a
stress measuring system learned with a bio-signal database
as an initial model of a deep neural network algorithm, and
it is possible to provide a stress analysis method which can
update a learning weight as a customized system when
bio-signals of a test subject start to be input.

[0074] In addition, according to the invention, for efficient
system update, it is possible to execute system update using
only input data useful for weight update.

[0075] In addition, according to the invention, it is pos-
sible to build a system that can be implemented in a mobile
or portable device without a separate server or device.

What is claimed is:
1. A stress analysis method comprising:
acquiring bio-signals from a test subject;

calculating a probability of each of a plurality of stress
level values by processing the bio-signals using a deep
neural network algorithm;

estimating a stress level value with the maximum prob-
ability of the plurality of stress level values as a stress
level value of the test subject;

determining usefulness of the estimated stress level value;
and

outputting the estimated stress level value determined to
be useful through the determination of usefulness, as
the final stress level.

2. The stress analysis method according to claim 1,
wherein the step of determining the usefulness of the esti-
mated stress level value includes determining that the esti-
mated stress level value is useless when the probability of
the estimated stress level value is less than a threshold value,
receiving a recognized stress level value from the test
subject, applying the recognized stress level value to the
deep neural network algorithm, updating the deep neural
network algorithm, and repeating the stress analysis through
the updated deep neural network algorithm.

3. The stress analysis method according to claim 2,
wherein the bio-signals are consecutive signal data.

4. The stress analysis method according to claim 3,
wherein the bio-signals include one or more signals selected
from bio-signals representing change of an autonomic net-
vous system including electrocardiogram, electroencepha-
logram, and skin conductivity.

5. The stress analysis method according to claim 2,
wherein the deep neural network algorithm includes a con-
volutional neural network algorithm.

6. The stress analysis method according to claim 2, further
comprising informing the test subject of an alarm when the
output stress level value is higher than a risk stress level
value input by the test subject.

7. The stress analysis method according to claim 2, further
comprising storing the output stress level value in a data-
base, statistically analyzing the values stored in the database,
and outputting the result thereof.
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