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Abstract: This article focuses on the optimization scheme of low-power signal acquisition circuits in wireless sensor networks,
analyzing the contradiction between energy consumption limitations and signal quality faced by wireless sensor nodes in long-term
deployment, miniaturized power supply, and complex environmental perception conditions. At the same time, optimization approaches
such as low-power sensor interfaces, analog front-end, analog-to-digital conversion, power management, and system collaborative
control are explored. The article combines literature review, theoretical analysis, and engineering practice to discuss the composition of
power consumption of wireless sensor network nodes, requirements for signal acquisition circuit design, key technologies for low
power consumption, optimization of hardware circuits, and system level management strategies. Research has shown that low-power
signal acquisition circuits should not rely solely on reducing device operating current, but should achieve synergy between sampling
strategy, front-end conditioning, ADC selection, power management, sleep wake-up, and anti-interference design. The conclusion
shows that with the selection of low-power devices, intermittent sampling, event triggered acquisition, graded power supply, dynamic
power consumption control, and joint optimization of software and hardware, the lifecycle of wireless sensor nodes can be effectively
extended, the reliability of data acquisition and the stability of network operation can be improved.
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