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l Directional Acoustic Applications JY\*%ZSJT@ L

The Increase in Driving Time has Brought More Attention to More
Importent Driving Safety and Better Driving Experience.
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l Existing Solutions — Head Related Transfer Function  ores=srul

Almost all the work requires reduce Complex algorithms are required to
multipath and other reflected signals separate the breathing waveform of
from others activities and objects. the monitored user.
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l Directional Acoustic Applications JY\*%Q%T@ L
° .?3

Is there a sensing method that can simultaneously meet the requirements

of interference-free, high-precision, and miniaturized in-

vehicle sensing?
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l Directional Acoustic Applications JY\*%ZSJT@ L

Exhibitions in the Museum Application in the Home

Directional Communication in Various Real-World Application Scenarios
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. Challenges VANV Jﬁ .

1) Complexity of the vehicle environment

2) Simultaneous sensing and communication

3) Driving Environment: The vibration of the vehicle

4) Characterization of user hand gestures
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l FMCW Sensing Distance Change _ /S TIN\T=TsJT Jﬁ L

Transmitted signal and reflected signal

Transmitted signal
Received signal
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l FMCW Sensing Distance Change _ /S TIN\T=TsJT Jﬁ L

Transmitted signal and reflected signal
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l FMCW Sensing Distance Change _ /S TIN\T=TsJT Jﬁ L

Low frequency components of mixed signals

kt?
Tiz(t) = Acos(p(t)) = Acos(2m( fot + 7)
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l FMCW Sensing Distance Change _ /S TIN\T=TsJT Jﬁ L

Low frequency components of mixed signals
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. Challenges VANV Jﬁ .

1) Complexity of the vehicle environment

2) Simultaneous sensing and communication

3) Driving Environment: The vibration of the vehicle

4) Characterization of user hand gestures
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l Challenge 1: Complexity of the vehicle environment sl

Using regular speakers
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l Challenge 1: Complexity of the vehicle environment sl
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l Challenge 2: Simultaneous sensing and communication sl
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l Challenge 3: The vibration of the vehicle e —ut Rl
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l Challenge 3: The vibration of the vehicle e —culAn
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. Challenge 3: The vibration of the vehicle

Bi-LSTM

J\Vf\ﬁ%‘sﬂujﬁ .

Seg2Seq Model

Input s,

ANRE
1 o O
T Z o2
o

Encoder

-

5| 12| | & 3
()
= > Q > o 1=1
L8 8]
V) ——p p— S~ — — =
— > Q > o
I c - c e
o (@] 8 o >
(@] G o (@)
N N -/ — -

out

L= Z (Sout|i] — Sgt [7']

o
D
(@)
(@)
o
D
=

/Y\i”%“@ﬁdﬁ L

DASIV: Directional Acoustic Sensing based Intelligent Vehicle Interaction System



l Challenge 4: Characterization of user hand gestures  na=rarul

Ten hand gesture
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l Challenge 4: Characterization of user hand gestures sl
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l Challenge 4: Characterization of user hand gestures  ores=srul

ResNet with CBAM
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l Challenge 4: Characterization of user hand gestures s

ResNet with CBAM
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. Challenge 4: Characterization of user hand gestures s

ResNet with CBAM
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l Experiment Setup sl

Transmission Experimental Equipment




I Performance
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The system can fit the breathing patterns of different users well
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. Performance mﬂdﬁ L
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. Performance mﬂﬁ L

Impact of scenarios Impact of Clothing
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Scenarios Clothing Type

The system can achieve good breathing pattern fitting

performance under different wearing and driving conditions
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. Performance mﬂﬁ L

Bias of Horizonta Bias of Vertical Impact of Glove

Glove Type

The system can achieve good hand gesture recognition

performance under gloves and bias
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l Conclusion mﬂﬁ L

» The first high-precision sensing system based on directional speakers

for synchronization with communications in a vehicle environment.

» The system can capture weak chest movements based on phase features
of FMCW signals and achieve a fine-grained breathing monitor based

on Bi-LSTM.

» The system defines 10 interaction hand gestures under the driving state

and 1implements ResNet-based high-precision hand gesture.
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