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Presentation Notes
Pleasure to be here
Body clock time is 2am …
Talk is in 2 parts
Talk is designed to be for the broad audience … so almost everything should be accessible. So if you don’t get something, please ask. That way, we will also have some interactions. I certainly don’t want to be the only person speaking.
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Reading and typing, a cognitive re-focus

Socially well accepted (unlike, Google Glass)

Phone, watch, fitbit = quantified lower body

Voice + hearing seamless for humans 

Earables gateway to upper body, head

Takes off one important risk factor

But why Earables? Why now?
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But what are hurdles … 
show-stoppers?
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Motion tracking Indoor localization

Location
Tracking

Lower body IMU (smartphone)

Head IMU (earphone)

Kinematic Motion models

Body/skeleton is a natural low pass filter
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Noise Cancellation

Ear Drum

Noise

Anti-Noise

Bone 
Conduction 

Speaker

Noise
Cancelation

Cancellation with Hollow earbuds



Face/jaw activity

Different eating, drinking, tooth brushing activity

Activities = Eating, Drinking, Brushing



In-ear health sensing Ear Impulse Response (EIR)
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Questions thus far …



Part II

Design a hollow earable 

that can still cancel noise
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Wireless 
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Our System: MUTE
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Lookahead allows us to cover ears in time

Analogy: Light travels much faster than sound

MUTE: Leverage lookahead for noise cancellation
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Noise Cancelling Headphones
-- What is inside?
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How do they perform today?
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Why does noise cancellation not work 
at higher frequencies?

Let’s look into the headphone again.
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Ref. Mic. Fb. Mic.DSP Speaker

𝑡𝑡1

𝑡𝑡2

𝑡𝑡3

Time budget (lookahead):
𝑡𝑡2 − 𝑡𝑡1 ≈ 30 μs

Time

Time lag: Δ𝑡𝑡 = 𝑡𝑡3 − 𝑡𝑡2



Ref. Mic. Fb. Mic.DSP Speaker

Time

High Frequency: 

Anti-Noise

Noise

Residual Error

Low Frequency:

Anti-Noise

Noise

Residual Error
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Let’s now look at noise cancellation 
in MUTE ...
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Fb. Mic.DSP SpeakerRef. Mic.
𝑡𝑡1

Time budget (lookahead):
𝑡𝑡2 − 𝑡𝑡1 ≈ 3 ms
(100X larger)

Cancel high frequencies

Anti-Noise

Noise

Residual Error

Time
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Channel Impulse Response

Lookahead

“Lookahead”  Non-Causal Filtering  Better Cancellation
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Evaluation

Goal: Comparable Performance

MUTE (Hollow) Ear Blocking Headphone
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Evaluation

Goal: Better Performance

MUTE (Non-Hollow) Ear Blocking Headphone
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MUTE Enabled Noise Sources
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Closing Thoughts …



The Wearable Market Projections 

WiFore: https://www.nickhunn.com/wp-content/uploads/downloads/2014/08/The-Market-for-Smart-Wearables.pdf
https://www.nickhunn.com/wp-content/uploads/downloads/2014/08/The-Market-for-Smart-Wearables.pdf

https://www.nickhunn.com/wp-content/uploads/downloads/2014/08/The-Market-for-Smart-Wearables.pdf
https://www.nickhunn.com/wp-content/uploads/downloads/2014/08/The-Market-for-Smart-Wearables.pdf
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Thanks to my excellent 

students and collaborators …

Thanks to all of youJay Prakash
Visiting Student
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