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FACE DETECTION METHODS USING VOICE

[Technical Field]

[1] The disclosure relates to face detection methods using voice.
Specifically, the disclosure relates to methods of deriving an interval related to a
predetermined message based on received voice data and detecting a facial image
from a video frame of video data extracted based on the derived interval.

[2]

[Background Art]

[3] The contents described in this part merely provide background
information about the embodiment and do not constitute the prior art.

[4] Recently, due to the development of smart devices and networks and
the development of various network services, various tasks including banking that
have been performed face-to-face have been converted to online/wireless non-
face-to-face business processing. At this time, when user authentication is
required during non-face-to-face business processing, a face detection method of
extracting a user’s face from a user’s real-time video and comparing the extracted
user’s face with a previously registered user’s picture is widely used.

[5] A conventional face detection method takes a method of performing
decoding on the entire recorded image and searching for a specific frame in which
the optimal face pose exists for all frames of the decoded recorded image.
Therefore, face detection has required considerable time and resources.

[6] In addition, other conventional face detection methods have a problem

that resources used for face detection are rapidly increased by extracting all
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frames of the recorded image and executing a face detection algorithm on all the
extracted frames.
[7] Therefore, there is a need for a face detection method capable of
obtaining the same effect by using less time and fewer resources.
[8]

[Disclosure]

[Technical Problem]

[9] One aspect of the disclosure provides a method of deriving an interval
related to a predetermined message by using voice data converted into frequency
domain, deriving a video frame which satisfies a predetermined criterion from
video data corresponding to the derived interval, and detecting a facial image from
the derived video frame.

[10] Another aspect of the disclosure provides a method of deriving an
interval of voice data most relevant to a predetermined message using a pre-
trained deep learning module, deriving a video frame which satisfies a
predetermined criterion from video data corresponding to the derived interval,
and detecting a facial image from the derived video frame.

[11] Aspects of the disclosure are not limited to those described above,
and other objects and advantages of the disclosure not described above can be
understood by the following description and will be more clearly understood by
embodiments of the disclosure. In addition, it will be readily apparent that the
objects and advantages of the disclosure may be realized by means indicated in

the claims and combinations thereof.
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[Technical Solution]

[13] According to one aspect of the disclosure, a face detection method,
which is performed by a server associated with a user terminal, includes receiving
video data and voice data from the user terminal, deriving a first interval related
to a predetermined message based on the received voice data, configuring a
second interval based on the derived first interval, extracting a part of the video
data corresponding to the second interval, deriving at least one video frame which
satisfies a predetermined criterion, from the extracted video data, and detecting a
facial image included in each of the at least one derived video frame.

[14] Also, the deriving the first interval may include generating a
spectrogram by converting the voice data into frequency domain in a
predetermined time unit, generating a frequency pattern of the voice data
including the predetermined message, and selecting an interval having a highest
similarity to the frequency pattern in the spectrogram as the first interval.

[15] Also, the generating the spectrogram may include generating a first
spectrum by converting first voice data corresponding to a first window
configured in the predetermined time unit into frequency domain, generating a
second spectrum by converting second voice data corresponding to a second
window, which is different from the first window and configured in the
predetermined time unit, into frequency domain, and generating the spectrogram
by merging the first spectrum and the second spectrum.

[16] Also, the first window and the second window may partially overlap

each other on time domain of the voice data.
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[17] Also, the deriving the first interval may include sampling the voice
data in intervals of a predetermined time unit, generating a voice pattern including
a predetermined message, extracting voice similarity for each interval based on
the sampled voice data for each interval and the voice pattern using a deep
learning module, and selecting an interval in which the voice similarity is higher
than a predetermined threshold as the first interval.

[18] Also, the deep learning module may include an input layer including
the sampled voice data for each interval and the voice pattern as input nodes, an
output layer including the voice similarity as an output node, and one or more
hidden layers disposed between the input layer and the output layer, wherein
weights of nodes and edges between the input node and the output node are
updated by learning processes of the deep learning module.

[19] Also, the second interval may be located after the first interval in time
series within the voice data.

[20] Also, a part of the second interval may overlap a part of the first
interval.

[21] Also, the deriving the video frame may include deriving one or more
frames for the second interval by using a predetermined period, or deriving a
frame in which an optical flow is smaller than a threshold in the second interval.

[22] Also, the detecting the facial image may include deriving facial
landmarks for each of the at least one derived video frame, performing correction
for facial alignment based on the derived facial landmarks, and extracting feature

points from the corrected facial image.
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[23] According to another aspect of the disclosure, a face detection
method, which is performed by a server associated with a user terminal, includes
receiving video data and voice data from the user terminal, deriving an interval
related to a predetermined message based on the received voice data, extracting a
part of the video data within a predetermined range based on the derived interval,
deriving a video frame which satisfies a predetermined criterion from the
extracted video data and detecting a facial image included in the derived video
frame.

[24] Also, the deriving the interval may include generating a spectrogram
by converting the voice data into frequency domain in a predetermined time unit,
generating a frequency pattern of the voice data including the predetermined
message, selecting an interval having a highest similarity to the frequency pattern
in the spectrogram as the interval.

[25] In addition, the first user may be a person in charge of the original
mail, and the second user may be a manager of the person in charge.

[26] Also, the deriving the interval may include: sampling the voice data
in intervals of a predetermined time unit, generating a voice pattern including a
predetermined message, extracting voice similarity for each interval based on the
sampled voice data for each interval and the voice pattern using a deep learning
module, and selecting an interval in which the voice similarity is higher than a
predetermined threshold as the interval.

[27]

[Advantageous Effects]
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[28] A face detection method of the disclosure may quickly search for
optimal facial images aligned in the front by deriving an interval related to a
predetermined message by using voice data converted into frequency domain and
detecting a facial image within a frame included in video data corresponding to
the derived interval. Accordingly, the disclosure may shorten the time required
for face detection to improve a user face detection speed and may reduce loads
applied to a system.

[29] In addition, the face detection method of the disclosure may quickly
search for optimal facial image aligned in the front by deriving an interval of voice
data most relevant to a predetermined message using a pre-trained deep learning
module and detecting the optimal facial image aligned in the front within a frame
included in video data corresponding to the derived interval. Accordingly, the
disclosure may increase the accuracy of face detection and reduce the time and
resources required for face detection.

[30] In addition to the above description, specific effects of the disclosure
will be described together while explaining specific details for carrying out the
disclosure.

[31]

[Description of Drawings]|

[32] FIG. 1 is a conceptual diagram illustrating a system for performing a
face detection method according to some embodiments of the disclosure.

[33] FIG. 2 is a diagram for describing a process of calculating facial
similarity on the basis of a face detection method according to some embodiments

of the disclosure.
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[34] FIG. 3 is a flowchart for describing a face detection method according
to some embodiments of the disclosure.

[35] FIG. 4 is a flowchart for describing an example of a method of
deriving a first interval according to step S220 of FIG. 3.

[36] FIG. 5 is a diagram for describing some examples of generating a
spectrogram in step S321 of FIG. 4.

[37] FIG. 6 is a diagram for describing a spectrogram generated through
the face detection method of FIG. 4.

[38] FIG. 7 is a diagram for describing another example of a method of
deriving a first interval according to step S220 of FIG. 3.

[39] FIG. 8 is a block diagram for schematically describing a deep learning
module used in the face detection method of FIG. 7.

[40] FIG. 9 is a diagram illustrating the configuration of the deep learning
module of FIG. 8.

[41] FIG. 10 is a flowchart for describing some examples of steps S250
and S260 of FIG. 3.

[42] FIG. 11 is a diagram for describing hardware implementation of a
system for performing a face detection method according to some embodiments
of the disclosure.

[43]

[Mode for Carrying Out the Invention]

[44] The terms or words used in the specification and the claims should
not be construed as being limited to ordinary or dictionary meanings. The terms

or words should be construed as meanings and concepts consistent with the
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technical idea of the disclosure, based on the principle that the inventors can
appropriately define the concept of the terms in order to explain their disclosure
in the best way. The configuration shown in the embodiments and drawings
described in the specification is only the most preferred embodiment of the
disclosure, and does not represent all the technical idea of the disclosure.
Therefore, it should be understood that various equivalents and modifications
may be substituted for them at the time of filing the application.

[45] It will be understood that although the terms “first,” “second,” etc.
used in the specification and the claims may be used herein to describe various
elements, these elements should not be limited by these terms. These terms are
only used to distinguish one element from another. For example, while not
departing from the scope of the disclosure, a first element may be referred to as a
second element, and similarly, a second element may be referred to as a first
element. The term “and/or” includes a combination of a plurality of related
recited items or any one of a plurality of related recited items.

[46] The terms as used in the specification and the claims are only used to
describe specific embodiments, and are not intended to limit the disclosure. The
singular forms as used herein are intended to include the plural forms as well
unless the context clearly indicates otherwise. It will be understood that the
terms “comprise,” “include,” and “have” as used herein do not preclude the
presence or addition of one or more other features, integers, steps, operations,

elements, components, or combinations thereof.
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[47] Unless defined otherwise, all terms including technical or scientific
terms as used herein have the same meaning as commonly understood by those
of ordinary skill in the art.

[48] It will be understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning that is consistent
with their meaning in the context of the relevant art and will not be interpreted in
an idealized or overly formal sense unless expressly so defined herein.

[49] In addition, the respective configurations, steps, processes, or
methods included in the respective embodiments of the disclosure may be shared
within a range that does not contradict each other technically.

[50] Hereinafter, a face detection method and a system for performing the
same, according to embodiments of the disclosure, will be described in detail with
reference to FIGS. 1 to 11.

[51]

[52] FIG. 1 is a conceptual diagram illustrating a system for performing a
face detection method according to some embodiments of the disclosure.

[53] Referring to FIG. 1, a system according to an embodiment of the
disclosure includes a financial company server 100, a user terminal 200, and a
counselor terminal 300.

[54] The financial company server 100 (hereinafter referred to as a server)
may mediate a video call between the user terminal 200 and the counselor
terminal 300, and may perform user identification or authentication by using

video call data. In this case, the server 100 may extract a user’s facial image
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from the video call by using a face detection method, and may perform user
identification or authentication by using the extracted facial image.

[55] However, the face detection method performed by the server 100 is
not limited to the above-described operation, and it is obvious that the face
detection method can be applied and performed in various embodiments.
Hereinafter, for convenience of explanation, an example of performing user
authentication in a video call will be described.

[56] The server 100 may operate as an entity that performs the face
detection method. Specifically, the server 100 may receive video call data from
the user terminal 200. In this case, the video call data may include voice data
obtained by recording a user’s voice and video data obtained by photographing
the user’s face.

[57] Subsequently, the server 100 may derive a specific interval
(hereinafter, a first interval) related to a predetermined message on the basis of
the received voice data.

[58] At this time, the server 100 may derive a voice data interval similar
to a voice pattern including a predetermined message by using a deep learning
module or a spectrogram generated through a process of converting the user’s
voice data into frequency domain.

[59] Here, the spectrogram is a tool for visualizing and identifying sound
or waves, and means a graph in which characteristics of a waveform and a
spectrum are combined. In the waveform graph, the change of the amplitude
according to the change of the time appears. In the spectrum, the change of the

amplitude according to the change of the frequency appears. However, in the
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spectrogram, the difference in amplitude according to the change of the time and
the frequency appears as the difference in print density or display color.

[60] In an embodiment of the disclosure, the server 100 may derive the
first interval by using the spectrogram of the voice data.

[61] Specifically, the server 100 generates a spectrogram by converting
the voice data into the frequency domain in a predetermined time unit.
Subsequently, the server 100 generates a frequency pattern of voice data including
a predetermined message (e.g., “Please face the front of the camera”).

[62] Subsequently, the server 100 may configure an interval in the
spectrogram most similar to the generated frequency pattern as the first interval.
In this case, the first interval may be configured on the basis of the time axis.
The process of deriving the voice data interval using the spectrogram will be
described in detail with reference to FIGS. 4 to 6.

[63]

[64] In addition, according to another embodiment of the disclosure, the
server 100 may derive the first interval using a pre-trained deep learning module.

[65] Specifically, the server 100 samples the voice data in intervals of a
predetermined time unit. Subsequently, the server 100 may generate a voice
pattern including a predetermined message (e.g., “Please face the front of the
camera”). Subsequently, the server 100 may calculate voice similarity for each
interval by comparing the generated voice pattern with the voice data sampled
using the pre-trained deep learning module. At this time, the algorithm for

calculating the voice similarity may be variously modified and used. Since a
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detailed description of the corresponding algorithm is widely known to those of
ordinary skill in the art, the detailed description thereof is omitted.

[66] Subsequently, the server 100 may select an interval having a
similarity higher than a predetermined threshold as the first interval. The
process of deriving the voice data interval using the deep learning module will be
described below with reference to FIGS. 7 to 9.

[67] Subsequently, the server 100 may derive a second interval on the
basis of the derived first interval. At this time, the second interval may be
disposed at a different location from the first interval, and a relative location may
be set differently according to the type of the predetermined message.

[68] For example, when the second interval is derived on the basis of a
predetermined message “Please face the front of the camera”, the second interval
may be located after the first interval in time series (i.e., at a lower priority) within
the voice data.

[69] As another example, when the second interval is derived on the basis
of a predetermined message “Face examination has been completed”, the second
interval may be located ahead of the first interval in time series within the voice
data.

[70]

[71] Subsequently, the server 100 may extract a part of the video data on
the basis of the derived internal (the interval related to the predetermined message,
that is, the second interval) and may derive a video frame included in the extracted

video data.
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[72] In this case, the server 100 may derive the video frame for the derived
interval in various methods.

[73] For example, the server 100 may derive the video frame at regular
time intervals (e.g., 1/n frame intervals). As another example, the server 100
may derive a frame in the derived interval of which the optical flow is less than a
threshold. Here, the optical flow refers to a vector representing the apparent
motion appearing in the video from two temporally different video data captured
and inputted by a camera. However, these are only several examples of deriving
the video frame, and the disclosure can derive the video frame through various
methods. Subsequently, the server 100 may detect the facial image from the
derived video frame. The method of deriving the video frame and detecting the
facial image will be described in detail with reference to FIG. 10.

[74] Subsequently, the server 100 may perform a user identification or
authentication procedure by using the derived facial image.

[75] In the disclosure, the server 100 and the user terminal 200 may be
implemented as a server-client system. Specifically, the server 100 may classify,
store, and manage voice data, video data, and a previously inputted facial image
(e.g., an identity (ID) card image or a facial image detected in the past) for each
user account, and may provide various services related to provision of financial
information and video call through a terminal application installed on the user
terminal 200.

[76] In this case, the terminal application may be a dedicated application
for receiving voice data and video data or a web browsing application. Here, the

dedicated application may be an application embedded in the user terminal 200
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or an application downloaded from an application distribution server and installed
on the user terminal 200.

[77] The user terminal 200 refers to a communication terminal capable of
operating an application in a wired/wireless communication environment.
Although FIG. 1 illustrates that the user terminal 200 is a smart phone, which is
a type of portable terminal, the disclosure is not limited thereto. As described
above, the user terminal 200 may be applied without limitation to a device capable
of operating a financial application. For example, the user terminal 200 may
include various types of electronic devices, such as a personal computer (PC), a
laptop computer, a tablet computer, a mobile phone, a smart phone, or a wearable
device (e.g., a watch-type terminal).

[78] In addition, although only one user terminal 200 is illustrated in the
drawing, the disclosure is not limited thereto, and the server 100 may operate in
association with a plurality of user terminals 200.

[79] Additionally, the user terminal 200 may include an input unit for
receiving a user’s input, a display unit for displaying visual information, a
communication unit for transmitting and receiving signals to and from the outside,
a camera unit for photographing a user’s face, a microphone unit for converting a
user’s voice into digital data, and a control unit for processing data, controlling
each unit inside the user terminal 200, and controlling data transmission/reception
between units. Hereinafter, commands executed by the control unit in the user
terminal 200 according to a user’s command are collectively referred to as being

executed by the user terminal 200.
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[80] On the other hand, the counselor terminal 300 may operate in
association with the server 100 and may be a counterpart that performs a video
call with the user terminal 200. Although not clearly illustrated in the drawings,
the server 100 may operate in association with a plurality of counselor terminals
300. When avideo call request is received from the user terminal 200, the server
100 may select one of the plurality of counselor terminals 300 and match the
selected counselor terminal 300 with the user terminal 200 requesting the video
call.

[81] The server 100 may perform relay so that a video call may be
performed between the matched user terminal 200 and the counselor terminal 300
mutually. In this case, the server 100 may store and manage a history of video
calls between the user terminal 200 and the counselor terminal 300.

[82] On the other hand, the communication network 400 serves to connect
the server 100, the user terminal 200, and the counselor terminal 300 to one
another. That is, the communication network 400 refers to a communication
network that provides an access path so that the user terminal 200 or the counselor
terminal 300 can transmit and receive data after accessing the server 100. The
communication network 400 may include, for example, wired networks such as
Local Area Networks (LANs), Wide Area Networks (WANs), Metropolitan Area
Networks (MANSs), or Integrated Service Digital Networks (ISDNs), or wireless
networks such as wireless LANs, CDMA, Bluetooth or satellite communications,
but the scope of the disclosure is not limited thereto.

[83] Hereinafter, a face detection method performed by a system

according to an embodiment of the disclosure will be described in detail.
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[84]

[85] FIG. 2 is a diagram for describing a process of calculating facial
similarity on the basis of a face detection method according to some embodiments
of the disclosure.

[86] Referring to FIG. 2, the server 100 may analyze a user’s voice using
voice data SD of video call data VC received from the user terminal 200, and may
extract a specific interval corresponding to a part of video data VD at S110.

[87] Specifically, the server 100 may receive, in real time, the video call
data VC including the video data VD and the voice data SD from the user terminal
200 through which a video call is in progress. The server 100 may analyze the
received voice data SD to derive an interval related to a predetermined message
(e.g., “Please face the front of the camera” or “Face photographing has been
completed”).

[88] At this time, the server 100 may derive the interval related to the
predetermined message using a spectrogram or a deep learning module. Details
thereof will be described with reference to FIGS. 4 to 6 and FIGS. 7 to 9.

[89] Subsequently, the server 100 extracts a specific frame through
sampling from the video data VD corresponding to the specific interval of the
extracted voice data SD at S120.

[90] Here, the server 100 may extract a partial interval of the video data
VD within a predetermined range on the basis of the derived specific interval.
The server 100 may derive several video frames which satisfy a predetermined

criterion from the extracted video data VD.
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[91] For example, the server 100 may sample frames of the extracted video
data VD at regular time intervals or derive and sample video frames having an
optical flow smaller than a threshold.

[92] As another example, the server 100 may operate a pose detection
algorithm on the extracted video data VD. When a predetermined pose is
detected by the pose detection algorithm, the server 100 may terminate the pose
detection algorithm and extract at least one video frame related to the detected
pose.

[93] However, these are only some examples of deriving the video frame,
and the disclosure is not limited thereto.

[94] Subsequently, the server 100 detects the user’s face from the
extracted video frame at S130. The server 100 may detect the user’s face by
using a pre-trained deep learning model (e.g., Multi-Task Cascaded
Convolutional Neural Networks (MTCNN), Retinaface, or Blazeface). The
user’s face may be detected using a bounding box within the video frame. At
this time, the deep learning model used in the server 100 may be variously
modified and used.

[95] Subsequently, the server 100 aligns the extracted user’s face at S140.

[96] Specifically, the server 100 may detect a facial landmark for the
extracted face. In this case, the facial landmark refers to a part constituting facial
features such as eyes, a nose, a mouth, a jawline, and a bridge of the nose.
Subsequently, the server 100 may align the face on the basis of the detected facial
landmark. For example, the server 100 may use a method of forming a straight

line between eyes, measuring an angle between the straight line and a horizontal
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line, and rotating the facial image by an opposite angle. However, this is only
one example and the disclosure is not limited thereto.

[97] Subsequently, the server 100 extracts feature points of the aligned
face at S150.

[98] Subsequently, the server 100 calculates the similarity of the face by
using the extracted feature points of the face at S160. In this case, the server 100
may express the extracted feature points of the face as a real vector, and may
calculate the facial similarity through the process of performing comparison with
the feature points extracted from the ID card image of the user stored in advance.
The calculated facial similarity may be used to determine the identity of the user's
face.

[99] Hereinafter, the process of deriving the first interval and the second
interval in the face detection method according to some embodiments of the
disclosure will be described in detail.

[100]

[101] FIG. 3 is a flowchart for describing a face detection method
according to some embodiments of the disclosure.

[102] Referring to FIG. 3, the server 100 receives video data and voice
data through a video call at S210).

[103] Subsequently, the server 100 derives a first interval related to a
predetermined message on the basis of the received voice data at S220.

[104] For example, the server 100 may configure an interval in which a
predetermined message “Please face the front of the camera” is outputted as the

first interval in the received voice data. In this case, the server 100 may derive
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the first interval related to the predetermined message using a spectrogram
obtained by converting voice data into frequency domain or a pre-trained deep
learning module.

[105] Subsequently, the server 100 configures a second interval on the
basis of the derived first interval at S230.

[106] For example, the server 100 may configure an interval for about 10
seconds from the end point of the derived first interval as the second interval, or
an interval from the end of the first interval to a part containing a message “Face
photographing has been completed” as the second interval. However, this is
only an example and the disclosure is not limited thereto.

[107] Here, as a matter of course, the second interval may be located after
the first interval in time series within the voice data, and a part of the second
interval may overlap a part of the first interval.

[108] Next, the server 100 extracts a part of the video data corresponding
to the second interval at S240.

[109] Subsequently, the server 100 derives at least one video frame which
satisfies a predetermined criterion, from the extracted video data at S250. In this
case, the server 100 may derive at least one video frame for video data at
predetermined time intervals (e.g., 1/n) or may derive at least one video frame
using an optical flow.

[110] Subsequently, the server 100 detects a facial image included in the
derived video frame at S260. At this time, the server 100 may detect the user’s
face using a pre-trained deep learning model (e.g., MTCNN, Retinaface, or

Blazeface), and the user’s face may be detected using a bounding box within a
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video frame. However, the disclosure is not limited thereto, and the deep
learning model used in the server 100 may be variously modified and used.

[111] Hereinafter, a face detection method for deriving a first interval by
using a spectrogram according to an embodiment of the disclosure will be
described.

[112]

[113] FIG. 4 is a flowchart for describing an example of a method of
deriving a first interval according to step S220 of FIG. 3.

[114] Referring to FIG. 4, after step S210, the server 100 generates a
spectrogram by converting voice data into frequency domain in a specific time
unit at S321.

[115] Specifically, the server 100 may divide the voice data received from
the user terminal 200 on the basis of a predetermined time unit. Subsequently,
the server 100 may generate a plurality of spectra by converting each of the
divided voice data into frequency domain, and may generate a spectrogram by
merging the plurality of spectra in time order.

[116] Subsequently, the server 100 generates a frequency pattern of voice
data including a predetermined message (e.g., “Please face the front of the
camera”) at S323. At this time, the server 100 may generate a frequency pattern
corresponding to the predetermined message by converting a sample of the voice
data including the predetermined message.

[117] Subsequently, the server 100 compares the spectrogram generated
in step S321 with the frequency pattern generated in step S323, and derives a first

interval on the time domain most similar to the frequency pattern at S325.
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[118] At this time, the server 100 may derive a similarity with the
frequency pattern for each predetermined time unit in the spectrogram.
Subsequently, the server 100 may select an interval having the highest similarity
to the frequency pattern in the spectrogram as the first interval.

[119]

[120] FIG. 5 is a diagram for describing some examples of generating a
spectrogram in step S321 of FIG. 4.

[121] Referring to FIG. 5, al1 represents voice data divided into windows
of predetermined time unit, and al2 represents a spectrogram generated by
connecting the spectrum converting the voice data divided in all into the
frequency domain in time series.

[122] In this case, the server 100 may transform the voice data into the
frequency domain using Short Time Fourier Transform (STFT). Here, the STFT
is a method of dividing data into short time intervals, performing a Fourier
transform on the data of the divided intervals to make an image of a frequency
distribution according to unit time.

[123] Specifically, the server 100 may divide the voice data received from
the user terminal 200 into a predetermined time unit.  Hereinafter, for
convenience of explanation, it will be assumed that the predetermined time unit
is 3.3 seconds.

[124] For example, referring to all, the server 100 may divide 10-second
voice data into 3.3-second unit. At this time, the server 100 may configure an
interval corresponding to 0-3.3 seconds of the voice data as a first window W11,

and may configure an interval corresponding to 3.4-6.6 seconds as a second
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window WI12. In addition, the server 100 may configure an interval
corresponding to 6.8-10 seconds as a third window W13. Here, a window length
is the predetermined time unit. That is, the window length of the first to third
windows W11 to W13 may be 3.3 seconds.

[125] Next, the server 100 may generate each spectrum by converting the
first to third windows W11 to W13 into frequency domain. Specifically, the
server 100 may generate a first spectrum S11 by converting the first voice data
corresponding to the first window W11 into frequency domain. Subsequently,
the server 100 may generate a second spectrum S12 by converting the second
voice data of the second window W12, and may generate a third spectrum S13 by
converting the third voice data of the third window W13.

[126] Subsequently, the server 100 may generate a spectrogram al2 of the
voice data by merging the generated first to third spectra S11 to S13 in time series.

[127]

[128] On the other hand, the server 100 may perform STFT analysis by
applying an overlapped window to voice data. At this time, the plurality of
windows may overlap each other on the time domain of the voice data, and the
overlapping length may be set in advance or may be specified as a window ratio.

[129] For example, referring to a21, the server 100 may divide 10-second
voice data into 3.3-second unit. The server 100 may configure an interval
corresponding to 0-3.3 seconds of the voice data as a first window W21.

[130] Subsequently, the server 100 may configure a second window W22
overlapping the first window W21. At this time, the second window W22 may

be located in an interval corresponding to 2.2-5.5 seconds.
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[131] In addition, the server 100 may configure a third window S23
overlapping the second window W22 and a fourth window W24 overlapping the
third window W23.

[132] Subsequently, the server 100 may generate spectra S21 to S24 by
converting the first to fourth windows W21 to W24 into frequency domain.

[133] Subsequently, the server 100 may generate a spectrogram a22 of the
voice data by merging the plurality of generated spectra S21 to S24 in time series.

[134] In this case, each spectrum may be arranged in the remaining
intervals other than the time interval overlapping the window disposed on one
side. For example, the unit time of the first window W21 is 0-3.3 seconds, but
the converted first spectrum S21 may be located at a position corresponding to 0-
2.2 seconds, from which an interval overlapping the second window W22 located
on one side is subtracted.

[135] In addition, referring to the generated spectrogram a22, it can be
confirmed that each spectrum partially overlaps the frequency domain of the
spectra located on both sides.

[136] By using windows overlapping on the time domain, the disclosure
can derive the first interval in more detail, thereby improving accuracy in deriving
an interval matching a predetermined message.

[137]

[138] FIG. 6 is a diagram for describing a spectrogram generated through

the face detection method of FIG. 4.
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[139] Referring to FIG. 6, the server 100 may generate a spectrogram for
voice data received from the user terminal 200 through the process of FIG. 5
described above.

[140] The server 100 may derive, from the generated spectrogram, an
interval having the highest similarity with a frequency pattern related to voice
data including a predetermined message. For example, the server 100 may
divide the spectrogram into predetermined interval and calculate a similarity
between the frequency pattern and the spectrum for each divided interval.

[141] Subsequently, the server 100 may select an interval in which the
spectrum having the highest calculated similarity is included as the first interval.

[142] Additionally, the server 100 may derive the first interval using a log
mel spectrogram or LIbROSA. However, this is only an example, and various
algorithms for deriving the first interval may be used.

[143] Hereinafter, a face detection method for deriving a first interval
using a deep learning module according to another embodiment of the disclosure
will be described.

[144]

[145] FIG. 7 is a diagram for describing another example of a method of
deriving a first interval according to step S220 of FIG. 3.

[146] Referring to FIG. 7, the server 100 samples voice data in intervals
of a specific time unit S421. Specifically, the server 100 may input voice data
received from the user terminal 200 to a sampling module. The sampling
module may divide and output voice data for each interval in a predetermined

specific time unit on the basis of the input voice data.
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[147] Subsequently, the server 100 generates a voice pattern including a
predetermined message at S423. The server 100 may configure a part of voice
data including a predetermined message (e.g., “Please face the front of the
camera”) as a voice pattern.

[148] Subsequently, the server 100 extracts voice similarity for each
interval on the basis of the sampled voice data for each interval and voice pattern
using the deep learning module at S425. At this time, the sampled voice data
for each interval and voice pattern may be inputted to input nodes of the deep
learning module, and voice similarity may be outputted to an output node.

[149] Subsequently, the server 100 configures the first interval by deriving
an interval in which the voice similarity outputted from the deep learning module
is higher than a predetermined threshold at S427. At this time, the server 100
may derive an interval having the highest voice similarity among intervals having
a voice similarity higher than the predetermined threshold as the first interval.

[150]

[151] FIG. 8 is a block diagram for schematically describing a deep
learning module used in the face detection method of FIG. 7.

[152] Specifically, referring to FIG. 8, a deep learning module DM
receives voice data for each interval and voice pattern and outputs voice similarity
for each interval as an output thereof.

[153] At this time, voice data for each interval may be generated by the
sampling module SM. The sampling module SM may sample the voice data
received from the user terminal 200 so as to be divided into preset intervals.

Voice data for each interval outputted through the sampling module SM may be
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inputted to the deep learning module DM. In addition, the voice pattern refers
to voice data including a predetermined message (e.g., “Please face the front of
the camera”).

[154] The deep learning module DM may derive the similarity of voice
data for each interval (i.e., voice similarity for each interval) with respect to the
voice pattern using the artificial neural network trained on the basis of big data.

[155] The deep learning module DM may perform artificial neural
network learning using mapping data for separate parameters derived on the basis
of input data. The deep learning module DM may perform machine learning on
parameters inputted as learning factors. In this case, a memory of the server 100
may store data used for machine learning and result data.

[156] In more detail, deep learning technology, which is a type of machine
learning, learns down to a deep level in multiple stages on the basis of data.

[157] Deep learning represents a set of machine learning algorithms that
extract core data from a plurality of data while stepping up.

[158] The deep learning module DM may use various known deep
learning structures. For example, the deep learning module DM may use a
structure such as a convolutional neural network (CNN), a recurrent neural
network (RNN), a deep belief network (DBN), or a graph neural network (GNN).

[159] Specifically, the CNN is a model that simulates a human brain
function on the assumption that when a person recognizes an object, the basic
features of the object are extracted, and then, the object is recognized on the basis

of the result of complex calculation in the brain.
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[160] The RNN is widely used in natural language processing, etc., and is
an effective structure for processing time-series data that changes over time.
The RNN can construct an artificial neural network structure by stacking up layers
at each moment.

[161] The DBN is a deep learning structure including multiple layers of
Restricted Boltzmann Machine (RBM), which is a deep learning technique.
When a certain number of layers is obtained by repeating RBM learning, the DBN
having a corresponding number of layers may be configured.

[162] The GNN represents an artificial neural network structure
implemented in a method of deriving similarities and feature points between
modeling data using modeling data modeled on the basis of data mapped between
specific parameters.

[163] On the other hand, the artificial neural network learning of the deep
learning module DM may be performed by adjusting weights of connection lines
between nodes (and adjusting bias values if necessary) so that a desired output is
produced for a given input. In addition, the artificial neural network may
continuously update weight values by learning. In addition, a method such as
back propagation may be used in the artificial neural network learning.

[164] On the other hand, the memory of the server 100 may be mounted
with an artificial neural network pre-trained through machine learning.

[165] The deep learning module DM may perform a machine learning-
based improvement process recommendation operation using modeling data for
the derived parameters as input data. In this case, both semi-supervised learning

and supervised learning may be used as machine learning methods of the artificial
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neural network. In addition, the deep learning module DM may be controlled to
automatically update the artificial neural network structure for outputting the
voice similarity for each interval after learning according to settings.

[166] Additionally, although not clearly illustrated in the drawings, in
another embodiment of the disclosure, the operation of the deep learning module
DM may be implemented in the server 100 or a separate cloud server (not
illustrated). Hereinafter, the configuration of the deep learning module DM
according to the above-described embodiment of the disclosure will be described.

[167]

[168] FIG. 9 is a diagram illustrating the configuration of the deep learning
module of FIG. 8.

[169] Referring to FIG. 9, the deep learning module DM includes an input
layer having voice data for each interval and voice pattern as input nodes, an
output layer having voice similarity for each interval as an output node, and M
hidden layers disposed between the input layer and the output layer.

[170] Here, a weight may be set to an edge that connects the nodes of the
respective layers. The presence or absence of the weight or the edge may be
added, removed, or updated in a learning process. Therefore, through the
learning process, weights of nodes and edges between k input nodes and 1 output
nodes may be updated.

[171] All nodes and edges may be set to initial values before the deep
learning module DM performs learning. However, when information is inputted
cumulatively, the weights of the nodes and edges are changed. In this process,

matching may be made between parameters inputted as learning factors (i.e.,



10

15

20

29

voice data for each interval and voice pattern) and values assigned to the output
nodes (i.e., voice similarity for each interval).

[172] Additionally, when using a cloud server (not illustrated), the deep
learning module DM may receive and process a large number of parameters.
Therefore, the deep learning module DM may perform learning on the basis of
massive data.

[173] The weights of the nodes and edges between the input nodes and the
output nodes included in the deep learning module DM may be updated by the
learning process of the deep learning module DM. In addition, of course, the
parameters outputted from the deep learning module DM may be additionally
extended to various data other than voice similarity for each interval.

[174] Subsequently, the server 100 may configure a second interval on the
basis of the first interval and may extract a part of video data corresponding to the
second interval.  Since this has been described in detailed, a redundant
description thereof is omitted.

[175] Hereinafter, some examples of a method of extracting video frames
satisfying a predetermined criterion from extracted video data and detecting a
facial image included in the derived video frames will be described.

[176]

[177] FIG. 10 is a flowchart for describing some examples of steps S250
and S260 of FIG. 3.

[178] Referring to FIG. 10, in an embodiment of the disclosure, the server
100 may derive video frames at regular time intervals (e.g., 1/n frame intervals)

with respect to the video data for the second interval at S551.
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[179] In this case, the server 100 may preset a frame derivation period for
deriving video frames. For example, when the derivation period is set to 10, the
server 100 may derive one video frame for every 10 video frames included in the
video data of the second interval. However, this is only a example, and the
derivation period of the video frame may be variable or randomly formed.

[180] On the other hand, in another embodiment of the disclosure, the
server 100 derives a video frame having an optical flow of the video data smaller
than a threshold with respect to the video data for the second interval at S553.

[181] For example, the server 100 may extract a first frame and a second
frame from the video data of the second interval, and may extract an optical flow
of a vector format on the basis of one or more feature points within each video
frame. At this time, the server 100 may calculate the size of the optical flow by
calculating the absolute value of the vector. Subsequently, when the calculated
size of the optical flow is smaller than a preset threshold, the server 100 may
derive a video frame including the corresponding optical flow.

[182] However, this is only several examples of deriving a video frame,
and the disclosure is not limited to the above methods.

[183] Subsequently, the server 100 detects a user’s facial image from the
extracted video frame. The server 100 may detect the user’s facial image by
using a pre-trained deep learning model (e.g., MTCNN, Retinaface, or Blazeface).
The user’s facial image may be detected using a bounding box within the video
frame. At this time, the deep learning model used in the server 100 may be

variously modified and used.
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[184] Subsequently, the server 100 derives facial landmarks for each
derived video frame at S561. For example, the server 100 may derive eyes, a
nose, a mouth, a jawline, or a bridge of the nose from the face displayed in the
video frame.

[185] Subsequently, the server 100 performs correction for facial
alignment on the basis of the derived landmarks at S563. For example, the
server 100 may generate a straight line by connecting a start part of a left eye and
a start part of a right eye among the derived landmarks with aline. ~Subsequently,
the server 100 may measure an angle between the generated straight line and a
horizontal reference line. The server 100 may align the facial images by rotating
the derived facial images at an opposite angle of the same magnitude as the
measured angle. However, this is only an example and the disclosure is limited
to the above method.

[186] Subsequently, the server 100 extracts feature points from the facial
image corrected for face alignment at S565. At this time, since the feature points
may be extracted by various algorithms that have already been disclosed, a
detailed description thereof is omitted.

[187] Subsequently, the server 100 may calculate facial similarity by
comparing feature points extracted from the ID card image of the user with feature
points extracted from the corrected facial image. The calculated facial similarity

may be used to determine the identity of the user's face.

[188]
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[189] FIG. 11 is a diagram for describing hardware implementation of a
system for performing a face detection method according to some embodiments
of the disclosure.

[190] Referring to FIG. 11, the server 100 that performs the face detection
method according to some embodiments of the disclosure may be implemented
as an electronic device 1000. The electronic device 1000 may include a
controller 1010, an input/output (I/O) device 1220, a memory device 1230, an
interface 1040, and a bus 1250. The controller 1010, the I/O device 1020, the
memory device 1030, and/or the interface 1040 may be coupled with each other
through the bus 1050. The bus 1050 corresponds to a path through which data
is moved.

[191] Specifically, the controller 1010 may include at least one of a central
processing unit (CPU), a microprocessor unit (MPU), a microcontroller unit
(MCU), a graphic processing unit (GPU), a microprocessor, a digital signal
processor, a microcontroller, an application processor (AP), or logic devices that
can perform similar functions thereto.

[192] The I/O device 1020 may include at least one of a keypad, a
keyboard, a touch screen, or a display device. The memory device 1030 may
store data and/or programs.

[193] The interface 1040 may perform a function of transmitting data to a
communication network or receiving data from the communication network.
The interface 1040 may be a wired interface or a wireless interface. For example,
the interface 1040 may include an antenna or a wired/wireless transceiver.

Although not illustrated, the memory device 1030 is an operating memory for
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improving the operation of the controller 1010 and may further include a high-
speed DRAM and/or SRAM. The memory device 1030 may store programs or
applications therein.

[194] The user terminal 200 may be applied to a personal digital assistant
(PDA), a portable computer, a web tablet, a wireless phone, a mobile phone, a
digital music player, a memory card, or any electronic product capable of
transmitting and/or receiving information in a wireless environment.

[195] Alternatively, the server 100 and the user terminal 200 according to
embodiments of the disclosure may be systems configured by connecting a
plurality of electronic devices 1000 to each other through a network. In this case,
the respective modules or combinations of the modules may be implemented as
the electronic device 1000. However, the embodiment is not limited thereto.

[196] Additionally, the server 100 may be implemented as at least one of
a workstation, a data center, an Internet data center (IDC), a direct attached
storage (DAS) system, a storage area network (SAN) system, a network attached
storage (NAS) system, or a redundant array of inexpensive disks or redundant
array of independent disks (RAID) system, but the embodiment is not limited
thereto.

[197] In addition, the server 100 may transmit data through a network
using by the user terminal 200. The network may include a network based on
wired internet technology, wireless internet technology, and short-range
communication technology. The wired internet technology may include, for
example, at least one of a local area network (LAN) or a wide area network

(WAN).
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[198] The wireless internet technology may include, for example, at least
one of Wireless LAN (WLAN), Digital Living Network Alliance (DMNA),
Wireless Broadband (Wibro), World Interoperability for Microwave Access
(Wimax), High Speed Downlink Packet Access (HSDPA), High Speed Uplink
Packet Access (HSUPA), IEEE 802.16, Long Term Evolution (LTE), Long Term
Evolution-Advanced (LTE-A), Wireless Mobile Broadband Service (WMBS), or
5G New Radio (NR) technologies. However, the embodiment is not limited
thereto.

[199] The short-range communication technology may include, for
example, at least one of Bluetooth, Radio Frequency Identification (RFID),
Infrared Data Association (IrDA), Ultra-Wideband (UWB), ZigBee, Near Field
Communication (NFC), Ultra Voice Communication (USC), Visible Light
Communication (VLC), Wi-Fi, Wi-Fi Direct, or 5G NR (New Radio). However,
the embodiment is not limited thereto.

[200] The server 100 communicating through the network may comply
with technical standards and standard communication schemes for mobile
communication.  For example, the standard communication schemes may
include at least one of Global System for Mobile communication (GSM), Code
Division Multi Access (CDMA), Code Division Multi Access 2000
(CDMA2000), Enhanced Voice-Data Optimized or Enhanced Voice-Data Only
(EV-DO), Wideband CDMA (WCDMA), High Speed Downlink Packet Access
(HSDPA), High Speed Uplink Packet Access (HSUPA), Long Term Evolution
(LTE), Long Term Evolution-Advanced (LTEA), or 5G New Radio (NR).

However, the embodiment is not limited thereto.
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[201]

[202] In summary, the face detection methods of the disclosure may derive
the interval related to the predetermined message by using the voice data
converted into the frequency domain, or may derive the interval of the voice data
most relevant to the predetermined message using the pre-trained deep learning
module. Subsequently, the disclosure may quickly search for the optimal facial
images aligned in the front by detecting the facial images within the frame
included in the video data corresponding to the derived interval.

[203] Accordingly, the disclosure may shorten the time required for face
detection to improve the user face detection speed, may increase the accuracy of
face detection, and may reduce the load applied to the system.

[204]

[205] The above description is merely illustrative of the technical spirit of
the disclosure, and various modifications and changes can be made by those of
ordinary skill in the art, without departing from the scope of the disclosure.
Therefore, the embodiments are not intended to limit the technical spirit of the
embodiments, but are intended to explain the technical spirit of the embodiments.
The scope of the technical spirit of the embodiments is not limited by these
embodiments. The scope of the embodiment should be interpreted by the
appended claims, and all technical ideas within the scope equivalent thereto

should be construed as falling within the scope of the disclosure.



10

15

20

36

[CLAIMS]

1. A face detection method, which is performed by a server associated
with a user terminal, comprising:

receiving video data and voice data from the user terminal;

deriving a first interval related to a predetermined message based on the
received voice data;

configuring a second interval based on the derived first interval,

extracting a part of the video data corresponding to the second interval;

deriving a video frame which satisfies a predetermined criterion from the
extracted video data; and

detecting a facial image included in each of the derived video frame.

2. The face detection method of claim 1, wherein the deriving the first
interval comprises:

generating a spectrogram by converting the voice data into frequency
domain in a predetermined time unit;

generating a frequency pattern of the voice data including the
predetermined message; and

selecting an interval having a highest similarity to the frequency pattern
in the spectrogram as the first interval.

3. The face detection method of claim 2, wherein the generating the
spectrogram comprises:

generating a first spectrum by converting first voice data corresponding to

a first window configured in the predetermined time unit into frequency domain;
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generating a second spectrum by converting second voice data
corresponding to a second window, which is different from the first window and
configured in the predetermined time unit, into frequency domain; and

generating the spectrogram by merging the first spectrum and the second
spectrum.

4. The face detection method of claim 3, wherein the first window and the
second window partially overlap each other on time domain of the voice data.

5. The face detection method of claim 1, wherein the deriving the first
interval comprises:

sampling the voice data in intervals of a predetermined time unit;

generating a voice pattern including a predetermined message;

extracting voice similarity for each interval based on the sampled voice
data for each interval and the voice pattern using a deep learning module; and

selecting an interval in which the voice similarity is higher than a
predetermined threshold as the first interval.

6. The face detection method of claim 5, wherein the deep learning module
comprises:

an input layer including the sampled voice data for each interval and the
voice pattern as input nodes;

an output layer including the voice similarity as an output node; and

one or more hidden layers disposed between the input layer and the output
layer,

wherein weights of nodes and edges between the input node and the output

node are updated by learning processes of the deep learning module.
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7. The face detection method of claim 1, wherein the second interval is
located after the first interval in time series within the voice data.

8. The face detection method of claim 7, wherein a part of the second
interval overlaps a part of the first interval.

9. The face detection method of claim 1, wherein the deriving the at least
one video frame comprises deriving one or more frames for the second interval
by using a predetermined period, or deriving a frame in which an optical flow is
smaller than a threshold in the second interval.

10. The face detection method of claim 1, wherein the detecting the facial
image comprises:

deriving facial landmarks for each of the at least one derived video frame;

performing correction for facial alignment based on the derived facial
landmarks; and

extracting feature points from the corrected facial image.

11. A face detection method, which is performed by a server associated
with a user terminal, comprising:

receiving video data and voice data from the user terminal;

deriving an interval related to a predetermined message based on the
received voice data;

extracting a part of the video data within a predetermined range based on
the derived interval,;

deriving a video frame which satisfies a predetermined criterion from the
extracted video data; and

detecting a facial image included in the derived video frame.
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12. The face detection method of claim 11, wherein the deriving the
interval comprises:

generating a spectrogram by converting the voice data into frequency
domain in a predetermined time unit;

generating a frequency pattern of the voice data including the
predetermined message; and

selecting an interval having a highest similarity to the frequency pattern
in the spectrogram as the interval.

13. The face detection method of claim 11, wherein the deriving the
interval comprises:

sampling the voice data in intervals of a predetermined time unit;

generating a voice pattern including a predetermined message;

extracting voice similarity for each interval based on the sampled voice
data for each interval and the voice pattern using a deep learning module; and

selecting an interval in which the voice similarity is higher than a

predetermined threshold as the interval.



