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Abstract: To address the prevalent technical bottlenecks of current miniature multimodal sensing devices,
namely the intractable trade—off between compact form factor and protection performance, as well as constrained
portability and battery endurance, this paper proposes a stacked integrated hardware architecture for miniature
multimodal sensing. Leveraging an integrated packaging design based on vertical layered stacking, we construct a
three—layer hardware system consisting of a multimodal sensing array layer, a low—power dual—core collaborative
processing layer, and an integrated sealing and power supply bottom layer. Structural design and optimization are
implemented for the core technologies of this architecture, including high—density integration of multimodal sensors,
collaborative scheduling for low—power computing, integrated hermetic sealing, and ultra—thin battery stacking.
Verified by standardized tests, the proposed architecture achieves an approximately 43% improvement in multimodal
data processing speed over traditional discrete schemes, along with outstanding performance in protection rating
and battery endurance, which effectively mitigates the core performance conflicts of miniature sensing devices. This
architecture provides a valuable engineering reference for the development of miniaturized, highly reliable, long—
endurance multimodal sensing terminals.
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