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In-vehicle Super-directive Microphone System for Speech Recognition

Using Nonlinear Signal Processing with Two Microphones
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ABSTRACT

A super-directive microphone system using digital
signal processing has been developed for in-vehicle
speech recognition systems for the North American
market, in order to increase the recognition accuracy of
these systems in high noise environments.

The developed microphone system uses a new super-
directive algorithm with a high directional noise
reduction rate that functions to reduce noise, such as
passenger utterances. To enable adaptation of the
algorithm to different in-vehicle noise environments,
such as while operating the air conditioner and opening/
closing the windows, the system also incorporates an
omni-directional microphone and an analog high pass
filter. The use of the new system increases recognition
accuracy in a variety of noise environments.
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Fig. 1 Principle of channel separation between driver
utterance and passenger utterance
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Fig. 2 Effect of channel separation
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(b) Omni-directional microphone

Fig. 3 Comparison of acoustic waves
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(b) Omni-directional microphone

Fig. 4 Comparison of microphone structures
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Fig. 5 Direct airflow from air conditioner
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Fig. 6 Frequency response of microphone and high
pass filter



gboboooooboobobobooobooobooboobobobooboooboooboobOobo

24.000000000DOO00OODDOO

gooboboboboboboboboooooooo
gbobooboobooboooboooobobobooooo
gbobooboooooooboobooboobobobooog
gooooboboooooooooooooooboboobooooo
gbobooobooooooobobooboobobobooonog
gbobooboooooboobobooooog

0000000000000 0000D0 Fig.6(@000O
O0o0oo0Ooo0o0oOooDObD Fg.6)0OOOO0ODOO
gboboboooboobooboboboboboooooo

gbobobobobobooboooooooooboon
ogboboooboooooooboboobobobobooog
OO00DoD0o00oOOo0oOo0oDOOO0O0D0Fg.6(c) 0O0DOO
ogbobooboooooooboboobobobobooog
gbobooboooobooobooboobooboboboonog
ogbobogooooooooboboobobobooooo
gboboooogooo

(dBV)

Sound pressure

Acoustic wave measured in car

1

High pass filter

/ Time (sec)

Voice
Acoustic wave with high pass filter

(dBV)

Sound pressure
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microphone
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Fig. 8 Digital signal processing microphone unit
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Fig. 9 Block diagram of voice recognition system
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Fig. 10 Recognition accuracy for single utterance
and double utterance
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Fig. 11 Recognition accuracy with airflow from air
conditioner
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