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ABSTRACT

Keyword spotting is one of the most familiar features of mobile
devices. A mobile phone spots a keyword such as “Hi Siri,” “Hello
Google,” and “Hi Bixby,” and once it spots it, it starts to pay
attention to the following speech command and perform more
complex speech recognition task. Today, a mobile phone consumes
milliwatts (107°) for this task, which is acceptable for its given
battery size. However, smaller devices, such as wearables and
Internet-of-Thing (loT) devices, often find such power consumption
unacceptable because it has an orders-of-magnitude smaller
battery size. For the last few vyears, therefore, several Ph.D.
students and postdocs in my research group at Columbia University
have been working on reducing the power consumption of a
keyword spotting IC chip down to 100’s of nanowatts (107). A
significant reduction was realized with multiple novel architecture
and circuits design in all three stages of acoustic signal processing,
namely analog front end, data conversion, and neural-network-
based inference. Power optimization, however, usually comes with
reduced robustness. For example, we employ a simpler neural
network inference model to minimize power consumption, but
such a small model tends to degrade keyword-spotting accuracy
under background noise. Not to lose the robustness while reducing
power, we have employed a noise-tolerant mechanism called
divisive energy normalization (DEN), commonly found in many
biological acoustic sensory systems. Our chips can detect a keyword
under severe background noise by adopting DEN and even though
the background noise is unknown during the neural network
training time.
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