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(54) METHOD AND SYTEM FOR NEUROLOGICAL EVENT DETECTION

(57)  Amethodforneurological event detection is pro-
vided and include: obtaining a neural oscillation signal
and extracting a plurality of features from the neural os-
cillation signal; obtaining a plurality of classification re-
sults corresponding to a plurality of times according to
the plurality of features by using a classification model
constructed based on a plurality of training data, wherein
whether a neurological event occurs is known in each
training data; and calculating a final determination result
corresponding to each of a plurality of evaluation time

O

windows according to a preset time window width and
the plurality of classification results and displaying the
final determination result. The final determination result
indicates whether the neurological event occurs. Each
evaluation time window corresponds to a plurality of clas-
sification results and one single final determination result.
In addition, a neurological event detection system using
the method for neurological event detection is also pro-
vided.
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Description
Field of the Invention

[0001] Theinvention relates to a method and a system
for neurological event detection.

Description of Related Art

[0002] Epilepsyisacommon syndrome among chronic
neurological diseases, and about 60 million people in the
world suffer from epilepsy, while approximately 30%
among them are still unable to effectively control the sei-
zure by currently available antiepileptic drugs, and need
non-pharmacological adjuvant therapies. Even though
an epilepsy surgery may help, there are some patients
who are not suitable for treatments of brain resection and
are only allowed to select neuromodulation for mitigating
severe seizures. Either the conventional epilepsy sur-
gery or the new neuromodulation needs accurate anal-
ysis and determination for onset brainwaves to locate a
seizure onset zone in the brain or determine an onset
time by an implant of the neuromodulation.

[0003] A conventional diagnosis using electroen-
cephalography (EEG) focuses on the detection of symp-
toms and pre-stage characteristics of the seizure, but
clinically demands further require identifying and labeling
awhole segment of the epilepsy. However, such demand
cannot be satisfied by any current technique because of
nothing but the difficulties in interpretation caused by dis-
continuity of the brainwave characteristics.

[0004] Referring to FIG. 1, discrete brainwaves are
characterized in, for example, intermittent onset brain-
waves 10 and 20, which may also be referred to as burst
suppression, and commonly found in a part of later sei-
zure onset of the brainwaves. In terms of the intermittent
onset brainwaves 10 and 20, even though time periods
tp0 to tp1 belong to the same seizure state, it is usually
erroneously determined as multiple seizure states with
shorter durations in past diagnoses that the time periods
tp0 to tp1 of the entire seizure occurrence cannot be cor-
rectly identified and labeled.

[0005] In addition, referring to FIG. 2, brainwaves 30
without seizures may have multiple spikes SP (spike)
due to a transient abnormal discharge, and the misjudg-
ment of the seizure usually occurs due to these spikes
SP in past diagnoses.

SUMMARY

[0006] Accordingly, the embodiments of the invention
provide a method and a system for neurological event
detection capable of enhancing the accuracy of detecting
the occurrence of a neurological event.

[0007] According to an embodiment of the invention,
a method for neurological event detection is provided,
which includes the following steps. A neural oscillation
signalis obtained, and a plurality of features are extracted
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from the neural oscillation signal. A plurality of classifi-
cation results corresponding to a plurality of times are
obtained according to the plurality of features by using a
classification model, wherein the classification model is
constructed based on a plurality of training data on wheth-
er the neurological event occurs is known. A final deter-
mination result corresponding to each of a plurality of
evaluation time windows is calculated according to a pre-
set time window width and the plurality of classification
results, and the final determination results are displayed.
Each of the final determination results indicates whether
the neurological eventoccurs, and each of the evaluation
time windows corresponds to the plurality of classification
results and one final determination result.

[0008] According to an embodiment of the invention,
a system for neurological event detection system includ-
ing a detector, a processor and a display is provided. The
detector is configured to obtain a neural oscillation signal.
The processor is coupled to the detector and is config-
ured to extract a plurality of features from the neural os-
cillation signal, obtain a plurality of classification results
corresponding to a plurality of times according to the plu-
rality of features by using a classification model, wherein
the classification model is constructed based on a plu-
rality of training data on whether a neurological event
occurs is known, and calculate a final determination re-
sult corresponding to each of a plurality of evaluation time
windows according to a preset time window width and
the plurality of classification results. The display is cou-
pled to the processor and is configured to display the
final determination results. Each of the final determina-
tion results indicates whether the neurological event oc-
curs, wherein each of the evaluation time windows cor-
responds to the plurality of classification results and one
final determination result.

[0009] In order to make the aforementioned and other
features and advantages of the invention more compre-
hensible, several embodiments accompanied with fig-
ures are described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The accompanying drawings are included to
provide a further understanding of the invention, and are
incorporated in and constitute a part of this specification.
The drawings illustrate embodiments of the invention
and, together with the description, serve to explain the
principles of the invention.

FIG. 1is a schematic diagram illustrating intermittent
onset brainwaves of the related art.

FIG. 2 is a schematic diagram illustrating a transient
abnormal discharge of a brainwave of the related art.
FIG. 3 is a block diagram illustrating a system for
neurological event detection according to an embod-
iment of the invention.

FIG. 4 is a flowchart illustrating a method for neuro-
logical event detection according to an embodiment
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of the invention.

FIG. 5 is a schematic diagram illustrating a plurality
of classification results corresponding to a plurality
of times according to an embodiment of the inven-
tion.

FIG. 6 is a schematic diagram illustrating the evalu-
ation time windows according to an embodiment of
the invention.

FIG. 7 is a schematic diagram illustrating displaying
of final determination results according to an embod-
iment of the invention.

FIG. 8 is a schematic diagram illustrating a plurality
of classification results corresponding to a plurality
of times according to another embodiment of the in-
vention.

FIG. 9 is a schematic diagram illustrating the evalu-
ation time windows according to another embodi-
ment of the invention.

FIG. 10is a schematic diagram illustrating displaying
of final determination results according to another
embodiment of the invention.

DESCRIPTION OF EMBODIMENTS

[0011] FIG. 3 is a block diagram illustrating a system
for neurological event detection according to an embod-
iment of the invention.

[0012] Referring to FIG. 3, a neurological event detec-
tion system 100 includes a detector 110, a processor 130
and a display 150, wherein the detector 110 and the dis-
play 150 are coupled to the processor 130. The neuro-
logical event detection system 100 is adapted to detect
whether aneurological eventoccurs, and a determination
result is displayed through the display 150. As such, the
time for artificially reviewing brainwaves and determining
whether the neurological event occurs may be dramati-
cally reduced. In the embodiment, a detected neurolog-
ical event is, for example, epilepsy, but the invention is
not limited thereto.

[0013] Thedetector 110is configured toobtainaneural
oscillation signal of a subject. In the embodiment, the
detector 110includes electrodes of multiple (forexample,
64) channels, which are respectively disposed at loca-
tions corresponding to different brainwave zones of the
subject, thereby obtaining electroencephalography
(EEG) signals of the subject. In other embodiments, the
detector 110 may also obtain other neural oscillation sig-
nals in other manners, which is not limited in the inven-
tion. It should be mentioned that the multiple electrodes
of the multiple channels may obtain a plurality of neural
oscillation signals in parallel, and for the sake of concise-
ness, one of the neural oscillation signals is illustrated
as an example for description in the specification. The
specification may be applied to the neural oscillation sig-
nal obtained by each electrode.

[0014] The processor 130 is configured to analyze a
neurological event corresponding to a neural oscillation
signal obtained by the detector 110 to determine an oc-
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currence time of the neurological event. In the embodi-
ment, the neurological event analyzed by the processor
130 is epilepsy, and the processor 130 identifies an oc-
currence time of the epilepsy according to the neural os-
cillation signal. A specific analysis method will be de-
scribed in detail below. The processor 130 may be, for
example, a dual-core, quad-core, or octa-core central
processing unit (CPU), a system-on-chip (SOC), an ap-
plication processor, a media processor, a microproces-
sor, a digital signal processor, a programmable control-
ler, application specific integrated circuits (ASIC), a pro-
grammable logic device (PLD) or other similar devices
or a combination of these devices, but the invention is
not limited thereto.

[0015] The display 150 is configured to display a de-
termination result with respect to the neurological event
by the processor 130 for a doctor or a user to accurately
locate a time that the neurological event may occur ac-
cording to the content displayed by the display 150. In
the embodiment, the display 150 not only displays elec-
troencephalography (EGG) signals but also shows an
EGG signal during a seizure period in a different color.
In other embodiments, the display 150 may also display
analysis and determination results of the processor 130
in other different manners, and the invention is not limited
thereto.

[0016] Hereinafter, a description related to a neurolog-
ical detection method of the embodiments of the inven-
tion will be set forth below.

[0017] FIG. 4 is a flowchart illustrating a method for
neurological event detection according to an embodi-
ment of the invention.

[0018] The method for neurological event detection in-
troduced in the embodiment illustrated in FIG. 4 is adapt-
ed to the neurological event detection system 100 of the
embodiment illustrated in FIG. 3, and thus, the descrip-
tion will be made with reference to each element of the
neurological event detection system 100.

[0019] First, the processor 130 obtains a neural oscil-
lation signal of a subject through the detector 110, and
then extracts a plurality of features of the neural oscilla-
tion signal (step S110). Specifically, an oscillation signal
includes temporal information and spatial information,
wherein the temporal information includes a frequency
domain feature, a time domain feature, a feature for
measuring information theory and so on. For example,
the frequency domain feature includes a total power, a
peak frequency of spectrum, a spectral edge frequency
and soon. Thetime domain feature includes aline length,
a number of maxima, a number of minima, a root mean
squared amplitude and so on. The measurement of the
information theory includes a Shannon entropy, a singu-
lar value decomposition entropy, Fisher information and
so on. Details related to the features of the oscillation
signal may be obtained by the persons with ordinary skills
in the art from related literatures and thus, will not be
repeated.

[0020] In the embodiment, the processor 130 obtains
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an EGG signal of the subject and then extracts a plurality
of features of the EGG signal, such as a spectrum feature
ranging from 1 to 61 Hz, a complexity index (e.g., an
approximate entropy) and a waveform index (e.g., a line
length), but the invention is not limited thereto.

[0021] Then, the processor 130 uses a classification
model to obtain a plurality of classification results corre-
sponding to a plurality of times according to the extracted
features (step S130), wherein the classification results
are used to indicate whether a neurological event occurs.
Specifically, the classification model is constructed
based on a plurality of training data in which whether a
neurological event occurs is labeled. The classification
model includes, for example, an artificial neural network
(ANN) model, a support vector machine (SVM)and linear
classification model, a fuzzy logic model and an auto-
learn system etc.

[0022] Inthe embodiment, the classification model us-
es a linear classification model. The processor 130 ob-
tains in advance a plurality of EGG signals with known
seizure occurrences to obtain a plurality of features of
the EGG signals as the training data. Then, the processor
130, for example, forms a plurality of feature matrices
with the plurality of features, and labels messages re-
garding whether epilepsy seizure occurs in the plurality
of feature matrices. Accordingly, the feature matrices la-
beled with whether the epilepsy seizure occurs are used
to train the linear classification model (for example, by
fine-tuning parameters and weights of the model and so
on), such that the trained linear classification model is
capable of classifying a plurality of input features into one
of classes indicating the occurrence of seizure and the
non-occurrence of seizure.

[0023] In the embodiment, according to the features
extracted in step S110, the processor 130 uses the
trained linear classification model to predict whether the
seizure occurs in each time period of the EGG signal.
For example, if the processor 130 analyzes and calcu-
lates the features of the EGG signal according to a sliding
window having a time width of 1 second (sec), the sliding
windows overlap by 80% with each other, and each time
period is 0.2 sec. However, the invention is not intent to
limit the length of each time period.

[0024] FIG. 5 is a schematic diagram illustrating a plu-
rality of classification results corresponding to a plurality
of times according to an embodiment of the invention.
[0025] Referring to FIG. 5, each of time periods t0 to
t8 is, for example, 0.2 sec, a classification result RST1
with the occurrence of seizure is represented by a black
circle, and a classification result RST1 without the occur-
rence of seizure is represented by a white circle. Taking
an intermittent onset EGG signal ES1 as an example,
the processor 130 extracts a plurality of features of the
EGG signal ES1 in the time period t0 and classifies the
features by using a classification model. As illustrated in
FIG. 5, the classification result RST1 in the time period
t0 indicates that the seizure does not occur. In addition,
the processor 130 extracts a plurality of features of the
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EGG signal ES1 in the time period t1 and then classifies
the features by using the classification model. As illus-
trated in FIG. 5, the classification result RST1 in the time
period t1 indicates that the seizure occurs. By deriving
by analogy in this way, the classification results RST1 of
the EGG signal ES1 from the time period t0 to the time
period t8 respectively indicate the non-occurrence of sei-
zure, the occurrence of seizure, the occurrence of sei-
zure, the non-occurrence of seizure, the occurrence of
seizure, the occurrence of seizure, the non-occurrence
of seizure, the occurrence of seizure, and the non-occur-
rence of seizure.

[0026] Then, the processor 130 calculates a final de-
termination result corresponding to each of a plurality of
evaluation time windows according to a preset time win-
dow width and the plurality of classification results and
displays the final determination results by using the dis-
play 150 (step S150), wherein the final determination re-
sult indicates whether the neurological event occurs.
Specifically, the preset time window width is used to de-
termine a time length of each evaluation time window,
and an evaluation time window corresponds to a plurality
of classification results and a final determination result.
To be more specific, after obtaining the plurality of clas-
sification results corresponding to the plurality of times
by using the classification model, the processor 130 does
not directly use the classification results as the final de-
termination results of whether the neurological event oc-
curs, but comprehensively evaluates the plurality of clas-
sification results within a period of time, so as to obtain
one final determination result.

[0027] To be detailed, the processor 130 first collects
the plurality of classification results corresponding to
each evaluation time window according to the presettime
window width (step S151), then calculates an occurrence
probability of the neurological event corresponding to
each evaluation time window according to the classifica-
tion results corresponding to each evaluation time win-
dow (step S153), determines the final determination re-
sult corresponding to each evaluation time window ac-
cording to the plurality of occurrence probabilities corre-
sponding to the plurality of evaluation time windows (step
S155), and finally displays the determined final determi-
nation result through the display 150 (step S157).
[0028] FIG. 6 is a schematic diagram illustrating the
evaluation time windows according to an embodiment of
the invention.

[0029] Referring to FIG. 6, the processor 130 obtains
the classification results RST1 of the EGG signal ES1
from the time period t0 to the time period t8 in step S130.
In the embodiment, the preset time window width is, for
example, 1 sec, thus, an evaluation time window includes
5 time periods, and each time period has a classification
result. For example, an evaluation time window W1 in-
cludes the time periods t0 to t4, an evaluation time win-
dow W2 includes the time periods t1 to t5, an evaluation
time window W3 includes the time periods t2 to t6, an
evaluation time window W4 includes the time periods t3
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to t7, an evaluation time window W5 includes the time
periods t4 to t8, and so on.

[0030] It should be mentioned that for descriptive con-
venience, only the 5 evaluation time windows W1 to W5
are taken as an example, however, the persons with or-
dinary skills in the art should understand that the number
of the evaluation time windows is increased in the time
axis direction.

[0031] An evaluation time window, for example, corre-
sponds to a final determination result of an evaluation
time period, and the evaluation time period is included in
the evaluation time window. In the embodiment, the eval-
uation time window corresponds to the final determina-
tionresult of the last one of the time periods. Forexample,
the evaluation time window W1 corresponds to the final
determination result of the time period t4, the evaluation
time window W2 corresponds to the final determination
result of the time period t5, the evaluation time window
W3 corresponds to the final determination result of the
time period t6, the evaluation time window W4 corre-
sponds to the final determination result of the time period
t7, the evaluation time window W5 corresponds to the
final determination result of the time period t8, and so on.
However, the invention is not limited thereto. In other
embodiments, the evaluation time window may also cor-
respond to the final determination result of the first one
of the time periods or other one or more of the time pe-
riods. It should be noted that the time length of the eval-
uation time period corresponding to each evaluation time
window is not necessarily the same as the time length of
each time period.

[0032] For the evaluation time window W1, the proc-
essor 130 collects 5 classification results RST1 corre-
sponding to the evaluation time window W1 (which indi-
cate, for example, the non-occurrence of seizure, the oc-
currence of seizure, the occurrence of seizure, the non-
occurrence of seizure and the occurrence of seizure) and
then, calculates a seizure probability corresponding to
the evaluation time window W1 as 3/5 according to the
classification results RST1 corresponding to the evalua-
tion time window W1.

[0033] For the evaluation time window W2, the proc-
essor 130 collects 5 classification results RST1 corre-
sponding to the evaluation time window W2 (which indi-
cate, for example, the occurrence of seizure, the occur-
rence of seizure, the non-occurrence of seizure, the oc-
currence of seizure and the occurrence of seizure) and
then, calculates a seizure occurrence probability corre-
sponding to the evaluation time window W2 as 4/5 ac-
cording to the classification results RST1 corresponding
to the evaluation time window W2.

[0034] For the evaluation time window W3, the proc-
essor 130 collects 5 classification results RST1 corre-
sponding to the evaluation time window W3 (which indi-
cate, for example, the occurrence of seizure, the non-
occurrence of seizure, the occurrence of seizure, the oc-
currence of seizure, the non-occurrence of seizure), and
then calculates a seizure occurrence probability corre-
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sponding to the evaluation time window W3 as 3/5 ac-
cording to the classification results RST1 corresponding
to the evaluation time window W3.

[0035] For the evaluation time window W4, the proc-
essor 130 collects 5 classification results RST1 corre-
sponding to the evaluation time window W4 (which indi-
cate, for example, non-occurrence of seizure, occur-
rence of seizure, occurrence of seizure, non-occurrence
of seizure and occurrence of seizure), and then calcu-
lates a seizure occurrence probability corresponding to
the evaluation time window W4 as 3/5 according to the
classification results RST1 corresponding to the evalua-
tion time window W4.

[0036] For the evaluation time window W5, the proc-
essor 130 collects 5 classification results RST1 corre-
sponding to the evaluation time window W5 (which indi-
cate, for example, the occurrence of seizure, the occur-
rence of seizure, the non-occurrence of seizure, the oc-
currence of seizure, the non-occurrence of seizure), and
then calculates a seizure occurrence probability corre-
sponding to the evaluation time window W5 as 3/5 ac-
cording to the classification results RST1 corresponding
to the evaluation time window W5.

[0037] After calculating the occurrence probability of
the neurological event corresponding to each of the eval-
uation time windows W1 to W5, the processor 130 de-
termines the final determination result corresponding to
each of the evaluation time windows W1 to W5 according
to the occurrence probabilities corresponding to the eval-
uation time windows W1 to W5.

[0038] Inthe embodiment, the processor 130, accord-
ing to an occurrence probability corresponding to an eval-
uation time window, determines the final determination
result corresponding to the evaluation time window. Spe-
cifically, the processor 130, according to a comparison
of the occurrence probability corresponding to each of
the evaluation time windows W1 to W5 with a preset
threshold, determines the final determination result cor-
responding to each of the evaluation time windows W1
to W5. If the occurrence probability corresponding to any
one of the evaluation time windows W1 to W5 is greater
than the preset threshold, then the final determination
result indicates that the seizure occurs. Otherwise, if the
occurrence probability corresponding to any one of the
evaluation time windows W1 to W5 is not greater than
the preset threshold, then the final determination result
indicates that the seizure does not occur.

[0039] For example, the preset threshold is set to 1/2.
The occurrence probability of the neurological event cor-
responding to the evaluation time window W1 is 3/5, and
thus, the final determination result corresponding to the
evaluation time window W1 indicates the occurrence of
the seizure. The occurrence probability of the neurolog-
ical event corresponding to the evaluation time window
W2 is 4/5, and thus, the final determination result corre-
sponding to the evaluation time window W2 indicates the
occurrence of the seizure. The occurrence probability of
the neurological event corresponding to the evaluation



9 EP 3 656 299 A1 10

time window W3 is 3/5, and thus, the final determination
result corresponding to the evaluation time window W3
indicates the occurrence of the seizure. The occurrence
probability of the neurological event corresponding to the
evaluation time window W4 is 3/5, and thus, the final
determination result corresponding to the evaluation time
window W4 indicates the occurrence of the seizure. The
occurrence probability of the neurological event corre-
sponding to the evaluation time window W5 is 3/5, and
thus, the final determination result corresponding to the
evaluation time window W5 indicates the occurrence of
the seizure.

[0040] In other embodiments, the final determination
result corresponding to a specific evaluation time window
may also be determined according to the occurrence
probability corresponding to the aforementioned evalu-
ation time window and the occurrence probability corre-
sponding to at least one of the other evaluation time win-
dows. Specifically, the processor 130 generates an eval-
uation value based on the occurrence probability corre-
sponding to the specific evaluation time window and the
occurrence probability corresponding to the at least one
of other evaluation time windows through a lookup table
or a conversion function, and then compares the evalu-
ation value with a preset threshold, so as to determine
the final determination result corresponding to the spe-
cific evaluation time window. However, the specific con-
tent of the lookup table or the conversion function is not
limited in the invention and can be set by the persons
with ordinary skills in the art based on requirements or
experience.

[0041] For example, the processor 130, for instance,
generates a first evaluation value based on the occur-
rence probability corresponding to the evaluation time
window W1 and the occurrence probability correspond-
ing to the evaluation time window W2 through a lookup
table or a conversion function and then compares the
first evaluation value with a preset threshold. If the first
evaluation value is greater than the preset threshold, it
is determined that the final determination result corre-
sponding to the evaluation time window W1 indicates the
occurrence of a neurological event (for example, the oc-
currence of seizure). Otherwise, if the first evaluation val-
ue is not greater than the preset threshold, it is deter-
mined that the final determination result corresponding
to the evaluation time window W1 indicates that the non-
occurrence of the neurological event (for example, the
non-occurrence of seizure). Similarly, the processor 130,
for example, generates a second evaluation value based
on the occurrence probability corresponding to the eval-
uation time window W2 and the occurrence probability
corresponding to the evaluation time window W3 through
the lookup table or the conversion function, and then
compares the second evaluation value with the preset
threshold. If the second evaluation value is greater than
the preset threshold, it is determined that the final deter-
mination result corresponding to the evaluation time win-
dow W2 indicates the occurrence of the neurological
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event (for example, the occurrence of seizure). Other-
wise, if the second evaluation value is not greater than
the preset threshold, it is determined that the final deter-
mination result corresponding to the evaluation time win-
dow W2 indicates the non-occurrence of the neurological
event (for example, the non-occurrence of seizure), and
so on.

[0042] In other words, as long as the final determina-
tion result corresponding to an evaluation time window
is determined based on the occurrence probability of the
neurological event corresponding to at least one evalu-
ation time window and the preset threshold, the invention
does not particularly limit the manner of determination.
[0043] FIG. 7 is a schematic diagram illustrating dis-
playing of final determination results according to an em-
bodiment of the invention.

[0044] Inthe embodiment, the processor 130 displays
the final determination results through the display 150.
Referring to FIG. 7, the evaluation time windows W1 to
W5 respectively correspond to the final determination re-
sults RSTf1 of the time periods t4 to t8, and the final
determination results RSTf1 corresponding to the time
periods t4 to t8 all indicate the occurrence of seizure.
Thus, the display 150, for example, displays the EGG
signal ES1 and labels a part of the final determination
results RSTf1 corresponding to the time periods t4 to t8
in a specific color (which is presented by filling in with
slashed lines in FIG. 7) while displaying the final deter-
mination results RSTf1, thereby indicating the occur-
rence of seizure during the time periods t4 to t8. Accord-
ingly, even though the seizure occurrence appears to be
intermitted during the time periods t4 to t8 (for example,
the intermittence appears in the time period t6) according
to the classification results RST1 of the classification
model, the neurological event detection system 100 is
capable of accurately determining that the occurrence
during the time periods t4 to t8 is the same seizure oc-
currence event without intermittence.

[0045] FIG. 8 is a schematic diagram illustrating a plu-
rality of classification results corresponding to a plurality
of times according to another embodiment of the inven-
tion.

[0046] Referring to FIG. 8, each of the time periods t0
to t8 is, for example, 0.2 sec, a classification result RST2
with the occurrence of seizure is represented by a black
circle, and a classification result RST2 without the occur-
rence of seizure is represented by a white circle. Taking
an EGG signal ES2 without the occurrence of seizure,
butincluding a plurality of spikes as an example, the proc-
essor 130 extracts a plurality of features of the EGG sig-
nal ES2 in each of the time periods t0 to t8 and classifies
the features by using a classification model. As illustrated
in FIG. 8, the classification results RST2 corresponding
to the EGG signal ES2 from the time period t0 to the time
period t8 respectively indicate the non-occurrence of sei-
zure, the occurrence of seizure, the non-occurrence of
seizure, the non-occurrence of seizure, the occurrence
of seizure, the non-occurrence of seizure, the non-occur-
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rence of seizure, the occurrence of seizure and the non-
occurrence of seizure.

[0047] FIG. 9 is a schematic diagram illustrating the
evaluation time windows according to another embodi-
ment of the invention.

[0048] Referring to FIG. 9, the processor 130 has ob-
tained the classification results RST2 corresponding to
the EGG signal ES2 from the time period t0 to the time
period t8. In the embodiment, the preset time window
width is, for example, 1 sec. Thus, one evaluation time
window includes 5 time periods, and each of the time
periods includes a classification result. For example, the
evaluation time window W1 includes the time periods t0
to t4, the evaluation time window W2 includes the time
periods t1 to t5, the evaluation time window W3 includes
the time periods t2 to t6, the evaluation time window W4
includes the time periods t3 to t7, the evaluation time
window W5 includes the time periods t4 to t8, and so on.
[0049] For the evaluation time window W1, the proc-
essor 130 collects the 5 classification results RST2 cor-
responding to the evaluation time window W1 (which in-
dicate, for example, the non-occurrence of seizure, the
occurrence of seizure, the non-occurrence of seizure,
the non-occurrence of seizure and the occurrence of sei-
zure), and then calculates a seizure probability corre-
sponding to the evaluation time window W1 as 2/5 ac-
cording to the classification results RST2 corresponding
to the evaluation time window W1.

[0050] For the evaluation time window W2, the proc-
essor 130 collects 5 classification results RST2 corre-
sponding to the evaluation time window W2 (which indi-
cate, for example, the occurrence of seizure, the non-
occurrence of seizure, the non-occurrence of seizure,
the occurrence of seizure and the non-occurrence of sei-
zure), and then calculates a seizure probability corre-
sponding to the evaluation time window W2 as 2/5 ac-
cording to the classification results RST2 corresponding
to the evaluation time window W2.

[0051] For the evaluation time window W3, the proc-
essor 130 collects 5 classification results RST2 corre-
sponding to the evaluation time window W3 (which indi-
cate, for example, the non-occurrence of seizure, the
non-occurrence of seizure, the occurrence of seizure,
the non-occurrence of seizure and the non-occurrence
of seizure), and then calculates a seizure probability cor-
responding to the evaluation time window W3 as 1/5 ac-
cording to the classification results RST2 corresponding
to the evaluation time window W3.

[0052] For the evaluation time window W4, the proc-
essor 130 collects 5 classification results RST2 corre-
sponding to the evaluation time window W4 (which indi-
cate, for example, the non-occurrence of seizure, the oc-
currence of seizure, the non-occurrence of seizure, the
non-occurrence of seizure and the occurrence of seizure)
and then, calculates a seizure probability corresponding
to the evaluation time window W4 as 2/5 according to
the classification results RST2 corresponding to the eval-
uation time window W4.
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[0053] For the evaluation time window W5, the proc-
essor 130 collects 5 classification results RST2 corre-
sponding to the evaluation time window W5 (which indi-
cate, for example, the occurrence of seizure, the non-
occurrence of seizure, the non-occurrence of seizure,
the occurrence of seizure and the non-occurrence of sei-
zure), and then calculates a seizure probability corre-
sponding to the evaluation time window W5 as 2/5 ac-
cording to the classification results RST2 corresponding
to the evaluation time window W5.

[0054] After calculating the occurrence probability of
the neurological event corresponding to each of the plu-
rality of evaluation time windows W1 to W5, the processor
130 determines the final determination result corre-
sponding to each of the evaluation time windows W1 to
W5 according to the occurrence probabilities corre-
sponding to the evaluation time windows W1 to W5.
[0055] Inthe embodiment, the processor 130, accord-
ing to an occurrence probability corresponding to an eval-
uation time window, determines the final determination
result corresponding to the evaluation time window. Spe-
cifically, the processor 130 compares the occurrence
probability corresponding to each of the evaluation time
windows W1 to W5 with a preset threshold, so as to de-
termine the final determination result corresponding to
each of the evaluation time windows W1 to W5. If the
occurrence probability corresponding to any one of the
evaluation time windows W1 to W5 is greater than the
preset threshold, the final determination result indicates
that the seizure occurs. Otherwise, if the occurrence
probability corresponding to any one of the evaluation
time windows W1 to W5 is not greater than the preset
threshold, then the final determination result indicates
that the seizure does not occur.

[0056] For example, the preset threshold is set to 1/2.
The occurrence probability of the neurological event cor-
responding to the evaluation time window W1 is 2/5, and
thus, the final determination result corresponding to the
evaluation time window W1 indicates the non-occurrence
of seizure. The occurrence probability of the neurological
event corresponding to the evaluation time window W2
is 2/5, and thus, the final determination result correspond-
ing to the evaluation time window W2 indicates the non-
occurrence of seizure. The occurrence probability of the
neurological event corresponding to the evaluation time
window W3is 1/5, and thus, the final determination result
corresponding to the evaluation time window W3 indi-
cates the non-occurrence of seizure. The occurrence
probability of the neurological event corresponding to the
evaluation time window W4 is 2/5, and thus, the final
determination result corresponding to the evaluation time
window W4 indicates the non-occurrence of seizure. The
occurrence probability of the neurological event corre-
sponding to the evaluation time window W5 is 2/5, and
thus, the final determination result corresponding to the
evaluation time window W5 indicates the non-occurrence
of seizure.

[0057] FIG. 10 is a schematic diagram illustrating dis-
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playing of final determination results according to another
embodiment of the invention.

[0058] In the embodiment, the processor 130 displays
the final determination results through the display 150.
Referring to FIG. 10, the evaluation time windows W1 to
WS5 respectively correspond to the final determination re-
sults RSTf2 of the time periods t4 to t8, and the final
determination results RSTf2 corresponding to the time
periods t4 to t8 all indicate the non-occurrence of seizure.
Thus, the display 150, for example, displays the EGG
signal ES2 and labels a part of the final determination
results RSTf2 corresponding to the time periods t4 to t8
in a specific color (which is presented by filling in with
slashed lines in FIG. 10) while displaying the final deter-
mination results RSTf2, thereby indicating the non-oc-
currence of seizure during the time periods t4 to t8. Ac-
cordingly, even though the seizure appears shortly in the
time periods t1, t4 and t7 according to the classification
results RST2 of the classification model, the neurological
event detection system 100 is capable of accurately de-
termining that no seizure event occurs during the time
periods t4 to t8.

[0059] Because the neural oscillation signals of differ-
ent subjects have different characteristics when the neu-
rological event occurs, a doctor or a user may set by
himself/herself the preset time window width and the pre-
set threshold. In a condition that the preset time window
width and the preset threshold are adjustable, the final
determination results indicating whether the neurological
event occurs may be adapted to different neural oscilla-
tion signals, so as to be more accurate. For example,
through the adjustment of the preset time window width
and the preset threshold, either the intermittent onset
brainwaves or transient abnormal discharge of brain-
waves can be accurately detected and displayed by the
neurological event detection system 100. Accordingly, in
some embodiment, the neurological event detection sys-
tem further includes an input device (not shown), such
as a keyboard a mouse, a touch screen or a microphone,
and the inputdevice is coupled to the processor 130. The
user may, for example, use the input device to generate
a setting signal of at least one of the preset time window
width and the preset threshold. After receiving the setting
signal, the processor 130 may correspondingly adjust
the at least one of the preset time window width and the
preset threshold according to the setting signal.

[0060] In light of the foregoing, the method for neuro-
logical event detection and the neurological event detec-
tion system provided by the embodiments of the inven-
tion, after receiving the neural oscillation signal, can not
only obtain the plurality of classification results indicating
whether the neurological event occurs by using the clas-
sification model, but also determine the final determina-
tion result indicating whether the neurological event oc-
curs by combining the plurality of classification results
within the preset time window width, and then display the
determined final determination result. Accordingly, the
whole segment where the neurological event occurs can
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be accurately labeled to reduce the probability of mis-
judgment. In addition, in some embodiments, the user
can set the preset time window width and determine the
threshold value used for determining the final determi-
nation results, which can be adapted to the characteristic
difference of the neural oscillation signal of each person,
so0 as to enhance usability and accuracy.

Claims

1. A method for neurological event detection, compris-
ing:

obtaining a neural oscillation signal (ES1, ES2)
and extracting a plurality of features from the
neural oscillation signal (ES1, ES2);

obtaining a plurality of classification results
(RST1, RST2) corresponding to a plurality of
times (0, t1, t2, t3, t4, t5, 16, 17, t8) according to
the plurality of features by using a classification
model, wherein the classification model is con-
structed based on a plurality of training data in
which whether a neurological event occurs is
known; and

calculating a final determination result (RSTHl,
RSTf2) corresponding to each of a plurality of
evaluation time windows (W1, W2, W3, W4, \W5)
according to a preset time window width and the
plurality of classification results (RST1, RST2),
and displaying the final determination results
(RSTfl, RSTf2),

wherein each of the final determination results
(RSTfl, RSTf2) indicates whether the neurolog-
ical event occurs, and each of the evaluation
time windows (W1, W2, W3, W4, W5) corre-
sponds to the plurality of classification results
(RST1, RST2) and onefinal determination result
(RSTfl, RSTf2).

2. The method for neurological event detection accord-
ing to claim 1, wherein the step of calculating the
final determination result (RSTfl, RSTf2) corre-
sponding to each of the evaluation time windows
(W1, W2, W3, W4, W5) according to the preset time
window width and the plurality of classification re-
sults (RST1, RST2) and displaying the final determi-
nation results (RSTfl, RSTf2) comprises:

collecting the plurality of classification results
(RST1, RST2) corresponding to each of the
evaluation time windows (W1, W2, W3, W4, W5)
according to the preset time window width;

calculating an occurrence probability of the neu-
rological event corresponding to each of the
evaluation time windows (W1, W2, W3, W4, W5)
according to the plurality of classification results
(RST1, RST2) corresponding to each of the



15 EP 3 656 299 A1 16

evaluation time windows (W1, W2, W3, W4,
WS5); and

determining the final determination result (RST-
fl, RSTf2) corresponding to each of the evalua-
tion time windows (W1, W2, W3, W4, W5) ac-
cording to the occurrence probabilities corre-
sponding to the evaluation time windows (W1,
W2, W3, W4, W5).

The method for neurological event detection accord-
ing to claim 2, wherein the step of determining the
final determination result (RSTfl, RSTf2) corre-
sponding to the each of the evaluation time windows
(W1, W2, W3, W4, W5) according to the occurrence
probabilities corresponding to the evaluation time
windows (W1, W2, W3, W4, W5) comprises:

determining the final determination result (RSTTl,
RSTf2) corresponding to a first time window accord-
ing to the occurrence probability corresponding to
the first time window among the evaluation time win-
dows (W1, W2, W3, W4, W5) and a preset threshold.

The method for neurological event detection accord-
ing to claim 3, wherein the step of determining the
final determination result (RSTfl, RSTf2) corre-
sponding to the first time window according to the
occurrence probability corresponding to the first time
window among the evaluation time windows (W1,
W2, W3, W4, W5) and the preset threshold compris-
es:

according to the occurrence probability correspond-
ing to the first time window among the evaluation
time windows (W1, W2, W3, W4, W5), at least one
occurrence probability corresponding to at least one
second time window among the evaluation time win-
dows (W1, W2, W3, W4, W5) and the preset thresh-
old, determining the final determination result (RSTHl,
RSTf2) corresponding to the first time window,
wherein the first time window is different from the at
least one second time window.

The method for neurological event detection accord-
ing to claim 4, further comprising:

receiving a setting signal and adjusting at least one
of the preset time window width and the preset
threshold according to the setting signal.

The method for neurological event detection accord-
ing to claim 1, wherein the classification model com-
prises one of or a combination of an artificial neural
network (ANN) model, a support vector machine
(SVM) and linear classification model, a fuzzy logic
model and an auto-learn system.

The method for neurological event detection accord-
ing to claim 1, wherein the plurality of features com-
prise one of or a combination of a temporal feature
and a spatial feature.

10

15

20

25

30

35

40

45

50

55

10.

The method for neurological event detection accord-
ing to claim 1, wherein the neural oscillation signal
is an electroencephalography (EEG) signal.

The method for neurological event detection accord-
ing to claim 1, wherein the neurological event is an
event of occurrence of seizure.

A neurological event detection system (100), com-
prising:

a detector (110), configured to obtain a neural
oscillation signal (ES1, ES2);

aprocessor (130), coupled to the detector (110),
and configured to:

extract a plurality of features from the neural
oscillation signal (ES1, ES2);

obtain a plurality of classification results
(RST1, RST2) corresponding to a plurality
oftimes according to the plurality of features
by using a classification model, wherein the
classification model is constructed based
on aplurality of training data in which wheth-
eraneurological eventoccurs is known;and
calculate a final determination result (RSTHl,
RSTf2) corresponding to each of a plurality
of evaluation time windows (W1, W2, W3,
W4, W5) according to a preset time window
width and the plurality of classification re-
sults (RST1, RST2); and

a display (150), coupled to the processor (130)
and configured to display (150) the final deter-
mination results (RSTfl, RSTf2),

wherein each of the final determination results
(RSTfl, RSTf2) indicates whether the neurolog-
ical eventoccurs, wherein each of the evaluation
time windows (W1, W2, W3, W4, W5) corre-
sponds to the plurality of classification results
(RST1, RST2) and one single final determina-
tion result (RSTfl, RSTf2).
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