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摘  要：为了提升睡眠分期系统的准确率和易用性，采用了无线心电贴和桌上型心电处理设

备的系统架构，并设计了一款低功耗心电芯片.睡眠分期算法基于单通道 ECG 信号的 RRI 和

HRV 的六个衍生特征训练 HMM 并作为分类器，采用了 EEMD 算法对 RRI 序列标准化.为了提

升心电贴的续航时间，采用系统级和电路级的低功耗手段.测试表明，系统平均分类准确率

达到93.2%.心电芯片在SMIC 0.18 μm工艺下面积仅为1.6 mm2，平均功耗1.3 mW，

100 mAh 的电池供电心电贴能够工作 70 小时以上. 
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Abstract：To improve accuracy and convenience of sleep-staging system, a structure with desktop 

ECG harvest center and wireless ECG paste which integrates special ASIC is presented in this 

paper. The sleep-staging algorithm is based on six features which are derived from RRI and HRV 

of single channel ECG, and these features are fed to HMM as a classifier. In which, EEMD 

algorithm is used to standardize RRI sequence. To improve battery life of the ECG paste, low 

power design method on system level and circuit level are used. The test results show that the 

classification accuracy of sleep-staging system is 93.2% on an average. The ECG chip occupies 

only 1.6 mm  2  on SMIC 0.18 μm process and average power consumption is only 1.3 

mW, which means 70 h continuously work under a 100 mAh battery for the ECG pastes. 
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