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Most face datasets target adults who can make their own decisions. In the case of children, consent from parents
or guardians is necessary to collect biometric information, thus making it very difficult. As a result, the amount of

data on children is quite small and inevitably private.
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| 1. Introduction

As biometrics are actively applied to various parts of real life due to the development of deep learning, numerous
biometric data are collected and applied. Among these, children’s face image data is an important one that can be
used in preventing crimes against children and providing various welfare benefits. However, in the case of

children’s data, the amount is very small and its use is limited.

Most face datasets target adults who can make their own decisions. In the case of an adult, they can decide
whether to provide biometric data by themselves by recognizing the precautions for providing biometric data.
However, in the case of children, it is difficult for them to recognize the precautions for providing biometric data on
their own, so the consent of parents or guardians is absolutely necessary to collect data. Legal protection of
children’s information prioritizes parental control and consent L. A child’s right to privacy should not be subject to
the wishes and actions of others or the control and consent of others. Therefore, even after parental consent, all

information should be kept confidential to protect children’s privacy in principle.

With the changing parenting environment, due to the low birth rate and the increase in double-income families, the
role of childcare facilities has increased. Therefore, this research focused on attendance check among methods to
prevent child safety accidents. Attendance check is one way to prevent safety-related accidents in a child care
center. When a daycare center provides transportation as well as education, teachers should check the attendance
of children before and after boarding. At this time, automatic attendance checks can not only serve a safety and
security role, but also provide a reduction in teachers’ work burden. In this research, the researchers collected a

database of children’s faces that can be used in a real-time automatic attendance system.

Srinivas et al. experimented with deep learning face recognition systems to see if there was a decrease in
performance in the case of children when compared with the results obtained for adults [&. The conclusion of that

study was that the use of children’s data in an adult-targeted system resulted in performance degradation. Through
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this experiment, it can be seen that children’s face recognition requires a system dedicated to the children’s face
dataset and the corresponding environment. In collecting children’s face data, various considerations must be
taken into account. These include the children’s age, children’s concentration, and various environmental factors.
In addition, as children’s faces change as they grow, continual data collection is required to match the growth rate
of children. In this research, the researchers present the points and methods to focus on while building a database

for children, and examine effective camera installation location for face recognition of children.

Face recognition of children is an important research project that can be used in preventing crimes against children
and providing various welfare benefits. For children’s face recognition, a database containing the children’s face
image data is absolutely necessary. However, because of the world-wide strengthened Personal Information
Protection Act, the preparations and procedures for collecting face data have become very complicated. In 2020,
datasets containing personal information such as LFR B RMFRD Bl and SMFRD & were collected. Most of
these datasets are targeted at adults or celebrities. In addition, most of the databases do not contain newly
collected data; rather, they are composed by merging or modifying existing data such as LFW 8, CFpP [ and
CASIA-WebFace &I,

| 2. Appropriate Camera Positioning for Daycare Center

There are many things to consider when installing a camera in a childcare center.

First, problems such as camera loss must be considered, but concerns about invasion of privacy must also be
prioritized. To collect children’s data, consent from parents and guardians must be obtained in advance. In addition,
the researchers must not infringe on portrait rights and privacy by photographing other people’s faces without
permission. The researchers need to select a location where the child’s face can be seen well, considering the

above situation. This is related to the accuracy of children’s face recognition, so it needs to be tested several times.

Finally, according to the structure of the childcare facility, the camera should be installed at an appropriate location.
The accuracy of face recognition and the usefulness of the system can vary depending on the location (indoor or
outdoor) and height where the camera is to be installed. Children often express unpredictable behavior, such as
walking backwards and saying hello, and so on. Therefore, camera installation for children’s face recognition
should consider various environmental factors and child movement. In addition, since the structures of childcare
facilities are all different, it should be considered that the location where children’s faces can be seen clearly may

also change for each childcare facility.

2.1. Camera Installation Location for Daycare Center: Outdoor

For face recognition of children, a test image in which child registered in the DB appears is needed. To this end, the
researchers conducted an experiment to determine the camera position through a few tests. All experiments were
conducted in a real environment of the daycare facility. In this research, the researchers found a camera

installation location for face recognition in an environment where children move naturally without stopping for a
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while in front of the camera. Rather than restricting movement, the researchers thought it was appropriate to
perform face recognition in a free-moving environment, given the characteristics of children, who are more likely to

have atypical and unpredictable behaviors.

The outdoor structure of the childcare facility used for the test is shown in Figure 1a. The researchers installed

cameras at three locations and checked the video to see if the installation location was appropriate.
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Figure 1. Camera installation location (outdoors): (a) outdoor structure of daycare center; (b) entrance; (c) school

bus traffic stop; (d) door.

First, a camera was installed inside the entrance next to the school bus traffic stop, as shown in Figure 1b. This
location is a door that must be passed through when a child gets off the school bus. For this research, the camera
was installed at the height of the children’s faces in a place where the door was easily visible. If it had been
installed in a structure that looked down from the top, considering the movement of children, there was a possibility
that it would have been difficult to acquire the face data of the children; therefore, it was installed by selecting a

location further inside. The researchers conducted the experiment with a test video taken at this location. In this
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video, the detection was successful in 858 frames out of a total of 1012 frames, but the children’s face recognition
rate was 29.03%. As shown in Figure 2b, in this location, most of the faces of teachers or guardians are
photographed, or the child’s face is photographed at an angle of 45 degrees or more, so the face recognition was

not good. The strengths and weaknesses of installing the camera in this location are listed in Table 1.
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Figure 2. Example of an images taken with a camera installed at the entrance of the actual daycare center (Figure
1b): (a) best; (b) bad.

Table 1. The strengths and weaknesses of each camera installation location.

Location Strengths Weaknesses

« The moving space is crowded.

« Children mostly appear from the back.

« The children’s faces are clearly visible.
« The movement of children is too

 llluminance is constant. complex.
Entrance
Figure 4b o ) _
e The camera is installed at the child’s eye « The children and the camera are too
level. close.
* Risk of camera damage due to a low
position of installation.
e The distance between the children and
the camera is too large.
e Because it is outdoors, the illuminance
« Many frontal images of the faces of the changes owing to various environmental
School bus children are taken. factors.
traffic stop
Figure 4c « The children’s movement pattern is simple. « Children do not necessarily come to this
location.
« School buses do not necessarily stop at
this location.
Door o The space is not too crowded. o The distance between the children and
Figure 4d

the camera is very less.
e The children’'s movement pattern is simple.

« Because it is outdoors, the illuminance
changes owing to various environmental

factors.
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Location Strengths Weaknesses
« Children do not necessarily come to this

location.

» School buses do not necessarily stop at

this location.

e The camera can be moved around after

installation.

— ltis possible to install a camera in a
place where there is less change in

illuminance.

— The camera height can be set according
to the height of the children.

— ltis possible to install a camera in a ) ] o
) ) e There is a high possibility that the
place where the movement of children is )
Indoor ) camera will be damaged.
simple.

— A camera can be installed where there
are few external elements to cover the

children’s faces.

— The camera can be installed where there

is little or no teacher or guardian

intervention.
‘e 1c. The
e There is little change in illuminance. 2 location
us. In this

research, the experiment was conducted with a test video of about 40 s taken at this location. In this video, the
detection was successful in 850 frames out of a total of 1200 frames, but the children’s face recognition rate was
6.45%. In the filmed video, the children were too far, so face detection was not performed well in many cases, as
EQe NS IaeRiiens e finiantshPatwesenhe ellhel AN e LR MRE 5 RRAMIGRRUSS the BEffdS 4040 TEiRe
3gveniegtdhbiRy arrARRNaSccR J6tsat iR e dhfe NITIRR R HlibiES R dHRaKEE 1f there are too many

children in this location, it becomes difficult to shoot smoothly due to the crowded environment. In addition, in this
location, the children’s movements were short, and only the backs of the children were often seen, so the face of
the children was rarely seen in the recorded video (Figure 2b). Since this is an indoor location, which is less
sensitive to external light, the illumination is constant, and the camera can be installed according to the height of
the children. However, since the camera is installed within the reach of the children, there is a risk of frequent

location changes and camera damage.
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Figure 3. Images taken with a camera installed at the school bus traffic stop (Figure 1c): (a) example; (b)

recognition result.

In this position, the children’s faces are captured well, and face detection performs well. However, the distance
between the children and the camera is too far, and since it is outdoors, the illuminance may change significantly
due to various environmental factors, so the children’s face recognition may not perform well. This location may
seem convenient for face recognition because children’s movements are simple. However, the problem was that it
was not easy to shoot because cars often stopped at places other than the designated school bus traffic stops. In

addition, there were many adult interventions with children getting off and getting on the school bus.

Finally, a camera was installed at the entrance next to the school bus traffic stop, as shown in Figure 1d. This
location is a door that children must pass through when they get off the school bus. The smartphone camera was
installed to face the door of the vehicle. In this video, the detection was successful in 1109 frames out of a total of
4770 frames, but the children’s face recognition rate was 12.68%. Most of the videos shot were too dark, and the
faces were filmed at an angle of 45 degrees or more, so it was difficult to recognize those who were filmed (Figure

4). The strengths and weaknesses of installing the camera in this location are listed in Table 1.
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(a) (b)

Figure 4. Images taken with a camera installed at door 2 (Figure 4d): (a) example; (b) recognition result.

In this location, the space is not too crowded, and children move in an orderly manner compared to other locations.
However, the distance between the camera and the children was too small, and the children’s faces were
sometimes covered, depending on where they got off the bus. In addition, the school bus drop-off location changes
frequently, and since it is outdoors, the illuminance changes are severe, so children’s face recognition may not be

performed well.

Due to the characteristics of children, a lot of help from adults is needed, and the congestion is worse than
expected when multiple entrances exist, as in the test location of this research. The camera for children’s face
recognition should only shoot the child’s face, and it is right to exclude other people as much as possible. In
addition, there should not be any factors that interfere with face recognition, such as a large change in illuminance

or a face being covered. It should be considered that if a camera is installed outside, it can cause privacy

https://encyclopedia.pub/entry/26503 8/18



Face Recognition in Preschool Children | Encyclopedia.pub

infringement problems by photographing outsiders without prior consent. Therefore, to install a camera for face

recognition outdoors, it is necessary to consider various external environmental factors.

2.2. Camera Installation Location for Daycare Center: Indoors

In this research, it is assumed that the optimal camera position to be used for the children’s face recognition test is
a position facing the entrance from inside the room. If the camera is installed indoors, there is no need to fix the
camera in one place because there is less risk of its loss. Although there is a risk of damage to the camera when
moving the camera, problems such as distance, illumination, and space complexity can be controlled by moving

the camera. The strengths and weaknesses of installing the camera indoors are listed in Table 1.

In this research, the camera was installed in five positions for four days to find the most suitable position for the

children’s face recognition test.

First, as shown in Figure 5, one tablet (front camera) and two cellphones (rear camera) were installed. A tablet was
installed on one side, and two smartphones were installed on the other side. By installing a smartphone at the top
and bottom, respectively, the researchers found the optimal height of the camera for face recognition. The test
video was filmed for about two and a half hours, from 8:00 to 10:30 a.m., when children came to the daycare
center. As a result of this setup installation, it was confirmed that among the three positions, the position where the
tablet was installed had less intervention by adults and the face of a child was best seen (Figure 6). In this

research, other cameras were installed in different locations based on the results in this location.
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Figure 5. Installation of the camera indoors 1.

20191018_18_4 test_1 20191018 _tab_S test 2

(@) (b)

Figure 6. Actual captured images in Figure 8: (a) smartphone 1; (b) smartphone 2; (c) tablet PC.

Second, as shown in Figure 7, the camera of the tablet PC (front) and the camera of the mobile phone (rear) were
installed in a position near the front of the entrance door. The test video was filmed for about two and a half hours,

from 8:00 to 10:30 a.m., when children come to the daycare center. The camera installation results are shown in
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Figure 8. The front camera of a smart device is more effective in children’s face recognition than the rear camera
because it can arouse children’s interest. When using a smart device’s camera, which uses a movable camera, the
location may change or the camera function may be turned off when touched by children. However, if the front
camera is used, children can see their reflection on the screen as they pass through the door, so the probability of

securing the children’s front faces increases by arousing their interest.
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Figure 7. Installation of the camera indoors 2.
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Figure 8. Actual captured images in Figure 7: (a) tablet PC; (b) smartphone.

Third, in this research, the tablet PC was installed on the left, and the smartphone was installed on the right, as
shown in Figure 9. The test video was filmed for about two and a half hours, from 8:00 to 10:30 a.m., when
children come to the daycare center. The camera installation results are shown in Figure 10. The researchers
assumed that by moving the camera to the right, it would be possible to shoot a part that could not already be seen
based on where the existing tablet PC was installed. However, in this location, the children were often surrounded

by teachers, and there were stairs next to it, which made it difficult for the children to move.
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Figure 10. Actual captured images in Figure 9: (a) tablet PC; (b) smartphone.

Fourth, as shown in Figure 11, the researchers installed the tablet camera and digital camera in similar locations.

Through this test, the researchers tested whether the face recognition rate varies depending on the resolution. In
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addition, the researchers observed how they could better obtain the cooperation of children. It was observed which
device of the two could better draw the children’s interest and obtain cooperation. The filming lasted about three
hours, from 7:30 to 10:30 a.m. With this installation, the distance between the devices and the door was within 2 m,
so the face recognition rate based on the resolution was meaningless (Figure 12). In the case of the tablet, since
the child can directly see his or her face, it was able to attract their interest; hence, it was more suitable for face

recognition than a general camera.

Figure 11. Installation of the camera indoors 4.

Figure 12. Actual captured images in Figure 11: (a) tablet PC; (b) smartphone.

Finally, the tablet and camera were installed in the same location as in the third test, and another smartphone rear
camera was installed next to the door (Figure 13). The smartphone’s rear camera was installed in consideration of

children walking backwards while greeting their parents or friends at the door. The filming lasted about two and a
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half hours, from 8:00 to 10:30 a.m. The camera installation results are shown in Figure 14. In this set-up, the
smartphone installation location was not appropriate because the teacher often covers the children’s faces while
greeting them at the entrance. Therefore, it was confirmed that this location was not efficient because the child’s

face was seen less relative to the filming time.

Figure 13. Installation of the camera indoors 5.
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Figure 14. Actual captured images in Figure 13: (a) smartphone 1; (b) smartphone 2; (c) tablet PC.
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