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Roger Graham Byford, Apollo, PA
(US); Thomas S. Kerr, Murrysville, PA

(US); Amro El-Jaroudi, Pittsburgh, PA A wireless device for use with speech recognition applica-
(US) lions comprises a frame generatorfor generating successive

Correspondence Address: frames from digitized original audio signals, the frames
WOOD, HERRON & EVANS, LLP representing portions of the digitized audio signals. An
2700 CAREW TOWER autocorrelationcircuit generates a set ofcoellicients for each

441 VINE STREET frame, the coefficient set being reflective of spectral char-
CINCINNATI, OH 45202 (US) acteristics of the audio signal portion represented bythe

(21) Appl. No.: 11/303,271 frame. In one embodiment, the autocorrelation coeflicients
may be used to predict the original audio signal to be

(22) Filed: Dec. 16, 2005 subtracted from the original audio signals and to generate
residual signals A Bluetooth transceiver is configured for

transmitting the set of coeflicients and/or residual signals as

(51) Int. Ch data to another device, which utilizes the coeflicients for
GIOL 15/00 (2006.01) speech applications.
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WIRELESS HEADSET AND METHOD FOR
ROBUST VOICE DATA COMMUNICATION

FIELD OF THE INVENTION

[0001] This invention relates generally to wireless com-
munication devices, and particularly to a wireless device,
such as a headset, utilized for speech recognition applica-
tions, and other speech applications.

BACKGROUND OF THE INVENTION

[0002] Wireless communication devices are used for a
variety ofdifferent functions and to provide a communica-
tion platform for a user. Oneparticular wireless communi-
cation device is a headset. Generally, headsets incorporate
speakers that convey audio signals to the wearer, for the
wearerto hear, and also incorporate microphonesto capture
speech from the wearer. Such audio and speech signals are
generally converted to electrical signals and processed to be
wirelessly transmitted or received.

[0003] Wireless headsets have become somewhat com-
monplace. Wireless headsets are generally wirelessly
coupled with other devices such as cell phones, computers,
stereos, and other devices that process audiosignals. In use,
a wireless headset may be coupled with other equipment
utilizing various RF communication protocols, such as the
IEEE 802.11 standard for wireless communication. Other

wireless communication protocols have been more recently
developed, such as the Bluetooth protocol.

[0004] Bluetooth is a low-cost, low-power, short-range
radio technology designed specifically as a cable replace-
ment to connect devices, such as headsets, mobile phone
handsets, and computers or other terminal equipment
together. One particular use of the Bluetooth protocol is to
provide a communication protocol between a mobile phone
handset and an earpiece or headpiece. The Bluetooth pro-
tocol is a well; known protocol understood by a person of
ordinary skill in the art, and thusall ofthe particulars are not
set forth herein.

[0005] While wireless headsets are utilized for wireless
telephone communications, their use is also desirable for
other voice or audio applications. For example, wireless
headsets may play a particular role in speech recognition
technology. U.S. patent application Ser. No. 10/671,140,
entitled “Wireless Headset for Use in a Speech Recognition
Environment,” and filed on Sep. 25, 2003, sets forth one
possible use for a wireless headset and that application is
incorporated herein by reference in its entirety. Speech
recognition applications demand high quality speech or
audiosignal, and thus a significantly robust communication
protocol. While Bluetooth provides an effective means for
transmission of voice for typical telephonyapplications, the
current Bluetooth standard has limitations that make it

significantly less eflective for speech recognition applica-
tions and systems.

({0006] For example, the most frequently used standard
representing voice or speech data in the telephonyindustry
utilizes 8-bit data digitized at an 8,000 Hz sample rate. This
communication standard has generally evolved from the
early days of analog telephony when it was generally
accepted that a frequency range of 250 Hz to 4,000 Hz was
adequate for voice communication over a telephone. More
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recent digital voice protocol standards, including the Blue-
tooth protocol, have built upon this legacy. In order to
achieve an upper bandwidth limit of 4,000 Hz, a minimal
sample rate of at least twice that, or 8,000 Hz, is required.
To minimize link bandwidth, voice samples are encoded as
8 bits per sample and employa non-linear transfer function
to provide increased dynamic range on the order of 64-72
dB. The Bluetooth standard supports generally the most
commontelephonyencoding schemes. At the physical layer,
the Bluetooth protocol uses a “synchronous connection
oriented” (SCO) link to transfer voice data.An SCO link
sends data at fixed, periodic intervals. The data rate ofan
SCOlink is fixed at 64,000bits per second (64 Kbps). Voice
packets transmitted over an SCOlink do not employ flow
control and are not retransmitted. Therefore, some packets
are dropped during normal operation, thus resulting in data
loss of portions of the audiosignals.

[0007] For most human-to-human communication appli-
cations, such as telephony applications, the current Blue-
tooth voice sampling and encoding techniques using SCO
links and voice packets are adequate. Generally, humans
have the ability to subconsciously use reasoning, context,
and other clues to mentally reconstruct the original speech
over a more lossy communication medium. Furthermore,
where necessary, additional mechanisms, such as the pho-
netic alphabet, can be employed toensure the reliability of
the information transferred (e.g., “Z” as in Zulu).

[0008] However, for human-to-machine communication,
such as speech recognition systems, significantly better
speech sampling and encoding performance is necessary.
First, a morereliable data link is necessary, because dropped
voice packets in the typical telephony Bluetooth protocol
can significantly reduce the performance ofa speechrecog-
nition system. For example, each dropped Bluetooth SCO
packet canresult in a loss of 3.75 milliseconds ofspeech.
This can drastically increase the probability of a speech
recognition error.

[0009] Additionally, the information-bearing frequency
range of speech is now understood tobe in the range of 250
Hz to 6,000 Hz, with additional less critical content avail-

able up to 10,000 Hz. The intelligibility of consonants has
been shown to diminish when the higher frequencies are
filtered out ofthe speechsignal. Theretore,it is importantto
preservethis high end ofthe spectrum.

[0010] However, increasing the sample rate ofthe audio
signal to 12,000 Hz, while still maintaining 8-bit encoding
exceeds the capability of the Bluetooth SCO link, because
such an encoding scheme would require a data rate of96
Kbps, which is above the 64 Kbps Bluetooth SCO rate.

[0011] Speech samplesdigitized as 8-bit data also contain
a high degree of quantization error, which has the effect of
reducing the signal-to-signal ratio (SNR) ofthe data fed to
the recognition system. Speech signals also exhibit a vari-
able dynamic range across different phonemes and different
frequencies. In the frequency ranges where dynamicrangeis
decreased, the effect of quantization error 1s proportionally
increased. A speech systemwith 8-bit resolution can have up
to 20 dB additional quantization error in certain frequency
ranges for the “unvoiced” components ofthe speechsignal.
Most speech systems reduce the effect of quantization error
by increasing the sample size to a minimumof 12 bits per
sample. Thus, the current Bluetooth voice protocol for
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