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Development of an Edge Al-based Infant Car Seat System: Upper-Limb
Ejection Detection and Smart Control
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analysis(3% 3l4]), Facial expression recognition(3£% 7+#]), Upper-limb belt ejection
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Abstract: This edge Al-based child car seat addresses limitations of conventional models. Combining Al-driven
emotion and behavior recognition with load cell tension sensing, it actively adjusts the harness to fit the
child’s body and reduce discomfort. The system also responds to risks such as arm ejection, enhancing both
safety and caregiver convenience. Additionally, LS-DYNA crash simulations were conducted to evaluate how
the structural changes caused by the system attached to the bottom of the car seat affect child safety during
collisions.
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Fig. 3 Schematic diagram of mechanism
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Fig. 6 Force vector and harness angle measurement during dummy fitting
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Fig. 12 Setting boundary conditions for components subjected to major stresses
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Fig. 16 Analysis results of shape and safety factor of redesign 3-[c]
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Fig. 19 Integrated analysis model
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Fig. 23 Animation of belted dummy from simulation
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Fig. 26 Confusion matrix of the facial expression recognition model
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Fig. 27 Results of mannequin outfit generation using stable diffusion
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Fig. 30 Final prototype of the edge Al-based child car seat sy:
Integrated car seat
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Fig. 31 Results of Al-based detection models: a) Facial expression: Happy, Harness state: Normal; b) Facial
expression: Sad, Harness state: Fallout (left arm ejected)
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Fig. 32 Variation of harness tension and potentiometer values during: a) initial calibration; b) rapid
acceleration/deceleration response
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