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Design and Implementation of a Deep Learning - Based
Multimodal Childcare Support System for Deaf Parents

Jeong-Tae Kim + Kyungdoh Kim
Department of Industrial & Data Engineering, Hongik University

Recent advances in machine learning and Internet of Things (IoT) technologies have led to the development of
childcare support services that monitor infants’ conditions in real time and provide immediate feedback.
However, most existing services are designed for non-disabled users and rely heavily on auditory cues, which
creates significant limitations for deaf parents who have difficulty perceiving sound-based situations. Although
several prior studies have proposed childcare support systems for deaf parents, technical limitations that fail to
adequately reflect real-life environments remain. To address these issues, this study designs and implements a
deep learning - based multimodal childcare support system. The proposed system consists of three core
functions: infant cry detection and cause classification, hazardous sound detection, and infant suffocation risk
detection. An event-driven, hardware-based notification framework is employed to deliver alerts to a
smartwatch. System demonstrations confirm stable real-time operation of all functions and successful alert
transmission when hazardous situations occur.

Keywords: Hearing Impairment, Deep Learning, Childcare, Cry Detection, Sound Detection, Suffocation,
Smartwatch, Infant, IoT
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(a) Original Input Image

(b) Grayscale-Converted Image

(c) Real-Time Acquisition Image

Figure 4. Examples of Grayscale Application to the SMaL Dataset.
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Table 1. Model Performance Evaluation Table (* indicates the best performance)
Metri

etes Accuracy Recall Precision AUC mAP50
Model
Infant Cry / Non-Cry Detection Model 0.87 0.87 0.87 0.9671 -
Infant Cry Cause Classification Model (LightGBM) 0.8329" 0.83 0.83 - -
Infant Cry Cause Classification Model (XGBoost) 0.8289 0.83 0.83 - -
Infant Cry Cause Classification Model (RandomForest) 0.7656 0.77 0.77 - -
Hazardous Sound Detection Model 0.9697 0.97 0.97 0.9951 -
Infant Suffocation Risk Detection Model - 0.9692 0.9044 - 0.959"
)&l AudioSet data® 8<53F pretrained model?] YAMNet®™  0.9951Z w]-¢- & X & Ryt

gE gt 7o EL'}-‘(Transfer Learning)< $ATHKong et
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(a) Hardware Configuration

(b) Final Hardware Prototype Configuration
Figure 5. Photographs of the Hardware & Final Hardware

Prototype Configuration.

sl=dols gRulg] JolsE sHte®

ST

<Figure 5> St=do19] 74 84 AR HF 22 EE]
o] ¢4 BFolth HM 7]l gtz Fho] Five =
& 3 NolR®} mlo] 2 ®EQl CM-101USBE AAste] A7k

Table 2. End-to-end latency on the Raspberry Pi (Each experiment was repeated 30 times)

Metrics Avg. Latency (s) Max Latency (s) Std (s)
Model
Cry Detection Model + Cause Classification Model (LightGBM) 8.427 8.601 0.058
Hazardous Sound Detection Model 13.480 17.380 1.423
Infant Suffocation Risk Detection Model 2.220 2.606 0.083
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Function
= Dangerous Noise Detection Mode! [ Infant Suffocation Detection Model i Infant Crying Classification Model
Scenario

Keeping an eye on the child
The child is awake ON

Keeping an eye on the child

The child is asleep ON

Nat watching the child
5
Not watching the child ON
The child is asleep

OFF OFF
OFF OFF
OFF ON
ON ON

Figure 6. Scenario - Function Matrix Visualizing the User’s Service Usage Flow.
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Figure 7. System Implementation Verification Images (from left to right: hazardous sound detection, infant crying detection, and infant

suffocation risk detection).
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Figure 8. System Implementation of the Graduated Extinction for Infant Cry Detection (left: fatigue-induced crying; right: crying

detected after 3 minutes).
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