A Fully-Flexible 8-Channel Active-Electrode Wireless Wearable Device for Surface EEG Recording with Motion Artifact Removal
Research Problem:
Electroencephalography (EEG) recording is a method used for real-time brain activity monitoring. Recently, there has been a demand for portable devices that allows for EEG recording without the need for the patients to be hospitalized. While gel-based wet electrodes are considered as the gold standard for this type of recording, the discomfort and inconvenience of their use, makes them inferior to the dry electrode (i.e., gel-free) alternatives. However, the the poor electrode-tissue contact due to the absence of the conductive gel in dry electrodes results in large artifacts induced by physical movements, preventing EEG recording during everyday activities.

Methodology:
Eight differential recording channels are integrated on a 20cm x 2cm flexible polyimide substrate. To minimize noise and interference, electronic components for amplification, filtering, and digitization are placed right on top of the dry recording pads, which are also integrated on the same substrate. The recorded data is fed to the digital backend module where it is processed using an ultra-low power FPGA and transmitted using a low-energy Bluetooth 5.0 to a base station. Analog and mixed-signal technique are used to minimize the system’s overall power consumption and to remove motion artifacts by automatic gain adjustments. 

Impact:
The flexible substrate, along with the motion artifact removal feature and the long battery lifetime realizes a convenient wearable medical device capable of clinical-grade EEG recording during daily activities. In addition, compared to the commercially-available alternatives, this device is the lightest and the smallest, while providing a programmable platform for diagnostic algorithms.
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