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[Abstract]

As South Korea enters the realm of an super-aging society, the demand for elderly welfare services has
been steadily rising. However, the current shortage of welfare personnel has emerged as a social issue. To
address this challenge, there is active research underway on elderly care robots designed to mitigate the social
isolation of the elderly and provide emergency contact capabilities in critical situations. Nonetheless, these
functionalities require direct user contact, which represents a limitation of conventional elderly care robots.
In this paper, we propose a solution to overcome these challenges by introducing a care robot system capable
of interacting with users without the need for direct physical contact. This system leverages commercialized
elderly care robots and cameras. We have equipped the care robot with an edge device that incorporates
facial expression recognition and action recognition models. The models were trained and validated using
public available data. Experimental results demonstrate high accuracy rates, with facial expression recognition
achieving 96.5% accuracy and action recognition reaching 90.9%. Furthermore, the inference times for these
processes are 50ms and 350ms, respectively. These findings affirm that our proposed system offers efficient

and accurate facial and action recognition, enabling seamless interaction even in non-contact situations.

» Key words: Action Recognition, Care Robot, Deep Learning, Edge Device, Face Detection,
Facial Expression Recognition
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I. Introduction
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Fig. 1. Trends in Korea’s Working—Age and
Elderly Population
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II. Related works

1. Care Robot
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3. Action Recognition
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III. Method

1. Facial Expression Recognition

1.1 Dataset of Facial Expression Recognition
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Table 1. Configurations of Al Hub Facial Expression
Recognition Dataset
Class Train Test
Angry 59,624 7,451
Happy 59,937 7,508
Neutral 59,163 7,381
Sad 59,779 7,469
Total 238,503 29,809

1.2 Face Detection Model
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1.3 Facial Expression Recognition Model
w2 =2oAs BE9] Width, Depth 72|11
=5 O 2SN des AARRP 2R
EfficientNetZ ARESl &4 QlAl Wtlg 1&6HGITH13).
Mg 452 125to] MobileNetyt 29 m2tolg] 47}
3A &jo] UA] 9Foma Qa5 ALS Hol B) S

ER

MAEIcE & A Alte] AZS oF AhuHo} &} AXIE}
oF 9,0007) o]de ZArz  EHEIH HolEAlIRI
VGGFace2d &3l skE EfficientNet-BOS AMASH:
292 b9} ONEAS R 14]15]
2. Action Recognition

2.1 Dataset of Action Recognition
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Table 2. Configurations of ETRI-Activity3D Dataset

Class Train Val Test
None 2,324 40 52
Take
Medicine 2,051 36 44
Remote 2,043 270 320
Control
Fallen 1,818 218 212
Total 8,236 564 628

2.2 Action Recognition Model
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3. Care Robot System
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IV. Results

= S
go] 78%79, ﬁ47}— Recall, Pre(nswn J2]3l F1-Score
2 Sl

% ] 3 ocq /\Alo o}aﬁg} 7H;}
Recall = % (1)
Precision = % (2)
i s = Lol Prtion g

29 WIS o AY WL T 3 Lk

Table 3. Environments for Training Facial Expression
and Action Recognition Models

CPU Intel i5-12600 3.3GHz 6 cores
GPU NVIDIA GeForce RTX 3060 (12GB)
RAM 16GB

0S Microsoft Windows 11
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Fig. 2. System of the Proposed Elderly Care Robot

1. Results of Facial Expression Recognition
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Table 4. Results of Facial Expression Recognition
Model
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Table 5. Results of Action Recognition Model
Class Recall Precision F1-score
None 0.77 0.5 0.61
Take 0.86 0.83 0.84
Medicine ' ' '
Remote
Control 0.88 0.97 0.92
Fallen 1 1 1
Mean 0.88 0.82 0.85
3. Inference Result of Edge Device
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2. Results of Action Recognition
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Table 7. Results of Edge Device Inference

Inference
AREE Time(ms)
Face Detect 20
Facial Expression
- 50
Recognition
. - Backbone 330
Action Recognition MLP 20

V. Conclusions
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Fig. 3. Interface of Care Robot System in VIM4
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