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System and Method for Speech Detection Adaptation

Technical Field

[001] This disclosure relates to signal processing and, more particularly, to a

method for speech detection adaptation.

Background

[002] Several algorithms in speech enhancement applications - such as noise
estimation, automatic gain control (AGC), or end-pointing of speech intervals as a
preprocessing step for speech recognizers may rely on the results of speech detectors
that identify the presence of speech in a noisy signal. The algorithms are applied in
many different acoustical environments. As such, robustness against various types of
noise interferences is desired.

[003] Most speech detectors do not assume a prior knowledge of the acoustical
environment therefore a tradeoff between the rate of correctly detected speech frames
and the rate of noise-only frames falsely classified as speech has to be found. These
universal detectors are typically tuned by optimizing the average detection results

over all relevant environments.

Summary of Disclosure

[004] In one implementation of the present disclosure, a method for speech
detection adaptation is provided. The method may include receiving, at a processor, a
speech signal corresponding to a particular environment and estimating one or more
acoustical parameters that characterize the environment. In some embodiments, the
one or more acoustical parameters are not configured to identify a known scenario.
The method may include dynamically controlling a speech detector based upon, at
least in part, the one or more acoustical parameters, wherein dynamically controlling

includes configuring feature parameters and detector parameters.
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[005] One or more of the following features may be included. In some
embodiments, after dynamically controlling, the method may include identifying at
least one known scenario based on the one or more acoustical parameters. The
method may further include selecting a fixed configuration tuned for the at least one
known scenario instead of the dynamically controlled configuration. The method may
also include determining a reliability of a voice activity detection (VAD) feature by
rating the VAD feature’s performance in at least one previous frame. The method
may further include dynamically adapting an amount of context that is employed for
each of the one or more acoustical parameters. The method may also include
identifying a VAD feature having an insignificant contribution and omitting at least
one calculation associated with the VAD feature. In some embodiments, estimating
one or more acoustical parameters may be performed for a subset of frames. The one
or more acoustical parameters may be derived from non-acoustic information. The
non-acoustic information may include at least one of video, acceleration sensors, and
geo-localization information. The one or more acoustical parameters may be
employed in a non-speech detection algorithm.

[006] In another implementation, a system for speech detection adaptation is
provided. The system may include a processor configured to perform one or more
operations. Some operations may include receiving, at a processor, a speech signal
corresponding to a particular environment and estimating one or more acoustical
parameters that characterize the environment. In some embodiments, the one or more
acoustical parameters are not configured to identify a known scenario. Operations
may include dynamically controlling a speech detector based upon, at least in part, the
one or more acoustical parameters, wherein dynamically controlling includes
configuring feature parameters and detector parameters.

[007] One or more of the following features may be included. In some
embodiments, after dynamically controlling, the method may include identifying at

least one known scenario based on the one or more acoustical parameters. Operations
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may further include selecting a fixed configuration tuned for the at least one known
scenario instead of the dynamically controlled configuration. Operations may also
include determining a reliability of a VAD feature by rating the VAD feature’s
performance in at least one previous frame. Operations may further include
dynamically adapting an amount of context that is employed for each of the one or
more acoustical parameters. Operations may also include identifying a VAD feature
having an insignificant contribution and omitting at least one calculation associated
with the VAD feature. In some embodiments, estimating one or more acoustical
parameters may be performed for a subset of frames. The one or more acoustical
parameters may be derived from non-acoustic information. The non-acoustic
information may include at least one of video, acceleration sensors, and geo-
localization information. The one or more acoustical parameters may be employed in
a non-speech detection algorithm.

[008] The details of one or more implementations are set forth in the
accompanying drawings and the description below. Other features and advantages

will become apparent from the description, the drawings, and the claims.

Brief Description of the Drawings

[009] FIG. 1 is a diagrammatic view of a speech detection adaptation process in
accordance with an embodiment of the present disclosure;

[0010] FIG. 2 is a flowchart of a speech detection adaptation process in
accordance with an embodiment of the present disclosure;

[0011] FIG. 3 shows an example input signal graph and a speech detector output
in accordance with an embodiment of the present disclosure;

[0012] FIG. 4 is a diagrammatic view of a universal detection system configured
to implement an speech detection adaptation process in accordance with an

embodiment of the present disclosure;
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[0013] FIG. 5 is a diagrammatic view of a system configured to implement a
speech detection adaptation process in accordance with an embodiment of the present
disclosure;

[0014] FIG. 6 is a diagrammatic view of a system configured to implement a
speech detection adaptation process in accordance with an embodiment of the present
disclosure;

[0015] FIG. 7 is a diagrammatic view of a system configured to implement a
speech detection adaptation process in accordance with an embodiment of the present
disclosure;

[0016] FIG. 8 is diagram of an example of a noisy input signal in accordance with
an embodiment of the present disclosure;

[0017] FIG. 9 is a diagrammatic view of a system configured to implement a
speech detection adaptation process in accordance with an embodiment of the present
disclosure;

[0018] FIG. 10 is a diagrammatic view of a system configured to implement a
speech detection adaptation process in accordance with an embodiment of the present
disclosure; and

[0019] FIG. 11 shows an example of a computer device and a mobile computer
device that can be used to implement embodiments of the present disclosure.

[0020] Like reference symbols in the various drawings may indicate like

elements.

Detailed Description of the Embodiments

[0021] Embodiments provided herein are directed towards a system and process
for performing speech detection adaptation. Embodiments may include receiving, at a
processor, a speech signal corresponding to a particular environment and estimating
one or more acoustical parameters that characterize the environment. In some

embodiments, the one or more acoustical parameters are not configured to identify a
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known scenario. Embodiments may include dynamically controlling a speech
detector based upon, at least in part, the one or more acoustical parameters, wherein
dynamically controlling includes configuring feature parameters and detector
parameters.

[0022] Referring to FIG. 1, there is shown a speech detection adaptation process
10 that may reside on and may be executed by any of the devices shown in FIG. 1, for
example, computer 12 (and/or any suitable device that includes a microphone), which
may be connected to network 14 (e.g., the Internet or a local area network). Server
application 20 may include some or all of the elements of speech detection adaptation
process 10 described herein. Examples of computer 12 may include but are not
limited to a single server computer, a series of server computers, a single personal
computer, a series of personal computers, a mini computer, a mainframe computer, an
electronic mail server, a social network server, a text message server, a photo server, a
multiprocessor computer, one or more virtual machines running on a computing
cloud, and/or a distributed system. The various components of computer 12 may
execute one or more operating systems, examples of which may include but are not
limited to: Microsoft Windows Server ™; Novell Netware ™ Redhat Linux ™, Unix,
or a custom operating system, for example.

[0023] The instruction sets and subroutines of speech detection adaptation process
10, which may be stored on storage device 16 coupled to computer 12, may be
executed by one or more processors (not shown) and one or more memory
architectures (not shown) included within computer 12. Storage device 16 may
include but is not limited to: a hard disk drive; a flash drive, a tape drive; an optical
drive; a RAID array; a random access memory (RAM); and a read-only memory
(ROM).

[0024] Network 14 may be connected to one or more secondary networks (e.g.,
network 18), examples of which may include but are not limited to: a local area

network; a wide area network; or an intranet, for example.
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[0025] In some embodiments, speech detection adaptation process 10 may be
accessed and/or activated via client applications 22, 24, 26, 28. Examples of client
applications 22, 24, 26, 28 may include but are not limited to a standard web browser,
a customized web browser, or a custom application that can display data to a user.
The instruction sets and subroutines of client applications 22, 24, 26, 28, which may
be stored on storage devices 30, 32, 34, 36 (respectively) coupled to client electronic
devices 38, 40, 42, 44 (respectively), may be executed by one or more processors (not
shown) and one or more memory architectures (not shown) incorporated into client
electronic devices 38, 40, 42, 44 (respectively). The examples of client electronic
devices shown in FIG. 1 are merely provided by way of example as any suitable
device may be used in accordance with the teachings of the present disclosure (e.g.,
those having a loudspeaker, microphone, and/or processor).

[0026] Storage devices 30, 32, 34, 36 may include but are not limited to: hard disk
drives; flash drives, tape drives; optical drives; RAID arrays; random access
memories (RAM); and read-only memories (ROM). Examples of client electronic
devices 38, 40, 42, 44 may include, but are not limited to, personal computer 38,
laptop computer 40, smart phone 42, television 43, notebook computer 44, a server
(not shown), a data-enabled, cellular telephone (not shown), and a dedicated network
device (not shown).

[0027] One or more of client applications 22, 24, 26, 28 may be configured to
effectuate some or all of the functionality of speech detection adaptation process 10.
Accordingly, speech detection adaptation process 10 may be a purely server-side
application, a purely client-side application, or a hybrid server-side / client-side
application that is cooperatively executed by one or more of client applications 22, 24,
26, 28 and speech detection adaptation process 10.

[0028] Client electronic devices 38, 40, 42, 43, 44 may each execute an operating
system, examples of which may include but are not limited to Apple i0OS ™,

Microsoft Windows ™, Android ™, Redhat Linux ™, or a custom operating system.
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Each of client electronic devices 38, 40, 42, 43, and 44 may include one or more
microphones and/or speakers configured to implement speech detection adaptation
process 10 as is discussed in further detail below.

[0029] Users 46, 48, 50, 52 may access computer 12 and speech detection
adaptation process 10 directly through network 14 or through secondary network 18.
Further, computer 12 may be connected to network 14 through secondary network 18,
as illustrated with phantom link line 54. In some embodiments, users may access
speech detection adaptation process 10 through one or more telecommunications
network facilities 62.

[0030] The various client electronic devices may be directly or indirectly coupled
to network 14 (or network 18). For example, personal computer 38 is shown directly
coupled to network 14 via a hardwired network connection. Further, notebook
computer 44 is shown directly coupled to network 18 via a hardwired network
connection. Laptop computer 40 is shown wirelessly coupled to network 14 via
wireless communication channel 56 established between laptop computer 40 and
wireless access point (i.e., WAP) 58, which is shown directly coupled to network 14.
WAP 58 may be, for example, an IEEE 802.11a, 802.11b, 802.11g, Wi-Fi, and/or
Bluetooth device that is capable of establishing wireless communication channel 56
between laptop computer 40 and WAP 58. All of the IEEE 802.11x specifications
may use Ethernet protocol and carrier sense multiple access with collision avoidance
(i.e., CSMA/CA) for path sharing. The various 802.11x specifications may use phase-
shift keying (i.e., PSK) modulation or complementary code keying (i.e., CCK)
modulation, for example. Bluetooth is a telecommunications industry specification
that allows e.g., mobile phones, computers, and smart phones to be interconnected
using a short-range wireless connection.

[0031] Smart phone 42 is shown wirelessly coupled to network 14 via wireless

communication channel 60 established between smart phone 42 and
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telecommunications network facility 62, which is shown directly coupled to network
14.

[0032] The phrase "telecommunications network facility", as used herein, may
refer to a facility configured to transmit, and/or receive transmissions to/from one or
more mobile devices (e.g. cellphones, etc). In the example shown in FIG. 1,
telecommunications network facility 62 may allow for communication between TV
43, cellphone 42 (or television remote control, etc.) and server computing device 12.
Embodiments of speech detection adaptation process 10 may be used with any or all
of the devices described herein as well as many others.

[0033] As will be discussed below in greater detail in FIGS. 2-11, speech
detection adaptation (“SDA™) process 10 may include receiving (202), at a processor,
a speech signal corresponding to a particular environment and estimating (204) one or
more acoustical parameters that characterize the environment. In some embodiments,
the one or more acoustical parameters are not configured to identify a known
scenario. Embodiments may include dynamically controlling (206) a speech detector
based upon, at least in part, the one or more acoustical parameters, wherein
dynamically controlling includes configuring feature parameters and detector
parameters.

[0034] Embodiments of the SDA process included herein may describe an
environmentally dependent adaptation of speech detectors. Based on estimated
environmental parameters, a combination and tuning of multiple VAD features may
be chosen that is expected to cope best with the acoustical environment at hand.
Earlier approaches classified the environment based on a finite set of acoustic
scenarios (one of N selection). Depending on this classification, a fixed set of VAD
features is employed for speech detection. Some examples of VAD features may
include, but are not limited to, those described in “Features for Voice Activity

Detection: A Comparative Analysis, Journal on Advances in Signal Processing, 2015.
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[0035] Embodiments of the SDA process included herein may be configured to
characterize the acoustical environment by multiple parameters. Instead of matching
one environment from a finite set of known scenarios, different properties of the
acoustical environment may be determined. Based on these environmental
parameters, the configuration and tuning of VAD features may be dynamically
adapted. Accordingly, the speech detector may be configured to adapt to new
acoustical environments that were not considered in training by interpolating between
multiple configurations. By directly making use of the environmental parameters, a
smooth weighting of the influence of different VAD features can be achieved. In this
way, SDA process may provide a new dynamic feature control that allows speech
detectors and other algorithms to adapt to new acoustical environments. It is more
flexible than earlier approaches and reduces the dependency on training data.

[0036] Speech detectors rely on different VAD features that are configured to
indicate the presence of speech in a noisy signal. Each feature may reflect a property
of speech (e.g., voicing or high SNR) that distinguishes the desired speech from noise
interferences. Depending on the acoustical environment, the performance of features
varies. As a result, it may be beneficial to select a combination of reasonably tuned
features that are adapted to the acoustical environment.

[0037] Embodiments of SDA process 10 may include dynamic feature control that
allows speech detection algorithms to adapt to new acoustical environments. The
approach may include one or more stages that are discussed in further detail herein
below.

[0038] In some embodiments, in a first stage, parameters are determined that
describe different properties of the acoustical environment. Some of these parameters
may include, but are not limited to, acoustical environmental parameters — such as
reverberation time (T60), a priori signal-to-noise ratio (SNR), amount of interfering
speech (babble), amount and shape of other non-stationary interferences, spectral

distribution of the stationary background noise, and/or distortions (linear or non-
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linear) of speech, etc. The environmental parameters may be estimated based on
information from a long temporal context. The amount of context may be different
for each parameter. The parameters may also include measures that do not explicitly
estimate physical properties of the environment (e.g., kurtosis of the signal or flatness
of the background noise spectrum).

[0039] In some embodiments, in addition to environmental properties, the
confidence of each feature can be taken into account by rating its performance in the
past (e.g., plausibility and comparison with other features). Estimation of
environmental parameters does not have to be performed for each frame. In this way,
the system may distribute calculations to multiple frames in order to reduce
computational costs. Important environments may be covered by special cases that
provide a complete set of feature parameters fitted to a certain environment. The
parameter sets may be determined, for example, in a training. Environmental
parameters may be derived from the results of other algorithms, from the VAD
features themselves or even from non-acoustic information (e.g., video, acceleration
sensors, geo-localization, etc.)

[0040] In some embodiments, in a second stage, speech detection algorithms may
be adapted to the environment. The acoustical environmental parameters may be
directly employed to control the combination and tuning of VAD features. The
adapted speech detector may be expected to cope best with the environment.

[0041] In some embodiments, parameters of the features including, but not limited
to, the amount of temporal context, smoothing parameters, decision thresholds, etc.
may be adapted based on the estimated environmental parameters. Weighting of the
features may be performed based on their expected reliabilities given the estimated
environmental parameters and the confidence of earlier results. Features with low
contribution to the final VAD may not necessarily have to be evaluated resulting in
reduction of computational costs by focusing on relevant features. The estimated

environmental parameters may be employed in any suitable algorithms, some of

10
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which may include, but are not limited to, noise estimation, noise reduction,
dereverberation, speech recognition, etc.

[0042] Referring now to FIGS. 3-4, embodiments of SDA process 10 may include
a universal speech detector configured to determine one or more intervals
that contain speech based on a noisy speech signal. In some embodiments, feature
and detector configurations may be tuned based on training data.  Average
performance over different scenarios may be optimized. In some cases, no
information on the environment may be employed. As shown in FIG. 3, a noisy
signal may contain various different types of interferences. Voice activity detection
(VAD) is sometimes falsely triggered or misses speech.

[0043] Referring now to FIG. 5, an embodiment depicting fixed feature
configurations for known scenarios is provided. In some embodiments, this may
include selecting 1 of N scenarios that are known from training and using a fixed
feature configuration for the current scenario.

[0044] Referring also to FIG. 6, an embodiment of SDA process 10 depicting
environmentally dependent dynamic feature control is provided. In accordance with
SDA process 10 the system 600 may be configured to estimate acoustical
parameters that characterize the environment and to dynamically control
configuration based on the parameters. As is shown in FIG. 6, the system may also
apply the configuration and apply a weighted sum to emphasize reliable features.
[0045] Referring now to FIG. 7, another embodiment of SDA process 10
depicting environmentally dependent dynamic feature control is provided. When a
specific scenario is detected, the dynamic configuration may be overwritten with a
configuration optimized in a training (e.g., fall back on standard structure). As is
shown in FIG. 8, temporal context for parameter estimation is typically much longer
than the context employed in VAD features (e.g., long term properties vs.

instantaneous VAD).

11
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[0046] In some embodiments, environmental parameters may include acoustical
properties of the environment (e.g., amount of non-stationary components,
reverberation, a priori signal-to-noise ratio (SNR), etc.), measures that do not
explicitly estimate physical properties, e.g., signal kurtosis, confidences of features
(e.g., estimated by rating their performance in the past). In some embodiments,
environmental parameters may address a long temporal context, hence, temporal
synchronicity of results may be less important and even short dropouts can be
compensated. Therefore, the parameters may be calculated in independent threads or
can be extracted from results of other algorithms.

[0047] In some embodiments, environmental parameters may be employed to
control features (e.g., smoothing parameters), detectors (e.g., thresholds), feature
combination (e.g., weighting of different features). Soft control may allow for
adaptation to environments that were not considered during training thus providing
increased flexibility and reduced dependency on training data.

[0048] Referring now to FIG. 9, another embodiment of SDA process 10
depicting environmentally dependent dynamic feature control is provided. As is
shown in the Figure, feature control may be configured to softly map environmental
parameters to feature configurations.

[0049] Referring now to FIG. 10, another embodiment of SDA process 10
depicting environmentally dependent dynamic feature control is provided. As is
shown in the Figure, control of feature configuration may be realized, e.g., with neural
networks, etc.

[0050] As discussed above, in some embodiments of SDA process 10 speech
detector configuration may be dynamically controlled based on one or more
environmental parameters. Dynamic control of speech detector may influence the
configuration of feature parameters and detector parameters (e.g., the combination of

features).

12
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[0051] In some embodiments, environmental parameters may characterize the
acoustic environment but may not necessarily identify a specific known scenario (e.g.,
characterization vs. selection). Known scenarios may be identified based on the
environmental parameters in addition to the dynamic control. When a known
scenario is explicitly identified based on the environmental parameters, a fixed
configuration tuned for this specific scenario may be selected instead of the
dynamically controlled configuration.

[0052] In some embodiments, the reliability of a VAD feature may be determined
by rating the feature’s performance in previous frames. This reliability may be
employed as an environmental parameter to control the speech detector configuration.
The amount of context that 1z emploved for environmental parameter estimation may
be different for each envivonmental parameter and may be dynamically adapted.
[0053] In some embodiments, any calculation of YA} features having a low
contribution may be omitted.  Accordingly, by focusing on relevant featwrss, the
computational costs may be reduced.

[0054] In some embodiments, estimation of envircnmenial parameters may not
need to be performed for sach frame. Instead, calcuiations may be disiributed o
rouitiple frames (o reduce computational costs.

[0035] In some embodiments, envirormoental parameters roay be derived fronthe
resulis of other algorithuns or even nov-acoustic mivrmation {e.g., video, acceleration
sensors, geo-localization, eic)  The environmental parameters may be emploved m
algorithms other than speech detection, such as noise estimanon, vose reduchon,
dereverberation, or speech recogoiiion

100561 Referring now to FIG 1 an example of a generic compuier device 1100
and a genene mobile cornputer device 130, which moay be used with the technigues
described here s provided. Computing device 1100 i3 mitended o represent vanous
forms of digital computers, such as tablet computers, laptops, deskiops, workstations,

personal digital assistanis, servers, blade servers, mainframes, and other appropriate

13
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compuiers. In some embodiments, cornputing device 1150 can mclude vanous fonms
of mobile devices, such as personal digial assistanis, cellular  telephones,
stoartphones, and other simitar computing devices. Computing device 1150 and/or
computing device 100 may also inchude other devices, such as televisions with one
or more processors embedded therein or atiached thersto as well as any of the
microphones, mucrophone arrays, and/or speakers deseribed herein. The components
shown here, their connections and relationshins, and their fonctions, are meant o be
exemplary only, and are nol meant lo Hmit implameniations of the inventions
described and/or clatmed in this document.

{00571 In some embodiments, compuding device 1100 may include processor
1102, memory 1104, a siorage device 1106, a high-spead interface 1108 connecting 1o
memory 1104 and high-speed expansion ports 1110, and a low speed interface 1112
connecting o fow speed bus 11314 and storage device 1106, Each of the components
1102, 1104, 1106, 1108, 1110, and 1112, may be tlerconnecied using vanous busses,
and mav be mounted on & conunon motherboard or in other manners as appropriate.
The processor 1102 can progess insiructions for execution within the coroputing
device 1100, mncluding nstructions stored in the memory 1104 or on the storage
device 1106 1o display graphical information for a GUY on an exiemal mput/ouiput
device, such as display 1116 coupled to high speed mmerface 1108 fn other
mnplementations, multiple processors and/or rouitiple buses toay be used, as
appropriaie, along with muliple memones and types of memory. Also. muitiple
computing devices 1100 may be connected, with each device providing porions of
the necessary operations {e.g., as a sorver bank, a group of blade servers, or a mult~
PIOCEISOT 3y Sien).

100581 Memory 1104 may store information within the computing device 100 In
one implementation, the memory 1104 may be a volatile mersory unit or units, In

another oplementation, the mwemory 1104 may be g non-voladile memory woit or

14
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unite. The memory 1104 may also be another form of computer-readable mediurm,
such as & magnetic or oplical digk,

{0059] Storage device 1106 mav be capable of providing wass storage for the
computing device 1100, In one implementation, the storage device 1106 may be or
contain a compuier-readable mediom, such as a Hoppy disk device, a hard disk
device, an optical disgk device, or a tape device, a flash memory or other similar solid
state memory device, or an array of devices, mcluding devices in a storage ares
network or other configurations. A comper program product can be fangibly
embodied in an information carrier. The computer program product may also contain
msiractions thal, when executed, perform ong or more methods, such as those
described above. The information carner 13 a computer- or machine-readable mediom,
such as the memory 1104, the storage device 1106, memory on processor 1102, or a
propagaied signal.

{00601 High spead controller 1108 may manage bandwidih-indensive operations
for the computing device 1100, while the low speed controiler 1112 may manage
iower bandwudth-intensive operations. Such aliocation of functions s exempiary only.
in one implementation, the high-speed condroller 1108 mav be coupled o memory
1104, display 1116 {o.g, throngh a graphics processor or accelerator), and 1o hugh-
speed expansion ports 1110, which may accept varous expansion cards {not shown),
i the toplementation, low-speed controiler 1112 15 coupled o storage device 1106
and low-speed expansion port 1114 The low-speed expansion porl, which may
mclude various coromumication ports {o.g., USB. Blustooth, Ethernei, wueless
Ethernet) mav be coupled o one or more nput/output devices, such as a keyboard, a
pointing device, a scanner, of a nebworling device such a8 a switch or router, eg.,
through a network adapter,

10061 Computing device 100 may be moplemented in a nurober of different
forros, as shown i the figwe For example, 1 may be implemented a8 a standard

server 120, or multiple times 1o a group of such servers, B may also be implemented
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as part of a rack server systern 1124 In addition, # may be iroplermented wn a personal
compuier such as a laptop computer 1122 Alternatively, componenis from computing
device 1100 may be combined with other components in a mobile device {not shown},
such as device 1150, Each of such devices mav contain one of more of computing
device 1100, 1150, and an entire svstem may be made up of multiple computing
devices 1100, 1150 communicating with each sther.
{00621 Computing device 1130 may inclode a processor 1152, memory 1164, an
mput/outpu device such as a display 1154, a communication interface 1166, and o
fransceiver 1168, among other components. The device 1130 may also be provided
with a storage device, such as a mucrodrive or other device, to provide additionat
storage. Each of the componenis 1150, 1152, 1164, 1154, 1166, and 116¥, may be
migrconnacted using various buses, and several of the components may be mounied
ofr g cornmon motherboard or in other manners as appropriate.
{0063 Processor 1132 mav execuie insiructions within the compuiing device
1150, including instructions stored m the memory 1164, The processor may be
implemented as a chipset of chips that include separate and nwlupie analog and
digital processors. The processor may provide, for example, for coordination of the
other componenis of the device 1130, such as conwrol of user mierfaces, applications
run by device 1130, and wireless conwnunicanon by devices 1150,
{00641 in some embodiments, processor 1132 may convounicate with g user
through coutrol werface 1138 and display mterface 1156 coupled 1o a display 1154
The display 1154 may be, for example, a TFT LCD (Then-Fibro-Transistor Ligud
Cryvatal Displavy or an OLED {(Orgapic Light Enutting Diode) display, or other
appropriaie display technology. The display nterface 1156 may comprise appropriate
cuciiry for daving the display 1134 {0 present graphical and other wiformation o a
user. The condrol interface 1138 may receive comumands from a user and convert ther
for subrission o the processor 1152, In addihon, an external wnierface 1162 may be

provide i commmmncation with processor HISZ, so as io enable near area
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communication of device 1130 with other devices, External inferface 1162 way
provide, for example, for wived commumication wn some implementalions, or for
wireless comymunicaiion w other implementations, and nulliple interfaces may also
be ysed.

{0065 In some embodiments, memory 1164 may store information within the
computing device 1150 The memory 1164 can be implemenied as one or more of a8
compuier-readable medivm or media, a volatife memory it or gnifs, or a non-
volattfe memory unil or units. Expansion memory 1174 may also be provided and
connected to device 1150 through expansion interface 1172, which may inclede, for
example, a SIMM (Single In Line Memory Module) card mterface. Such expansion
memory 1174 mav provide exira storage space for device 1130, or may also store
applications or ather information for devige 1136, Specifically, expansion memory
1174 may include imstructions fo carry out or supplement the processes described
above, and may include secwre mformation also. Thus, for example, expapsion
memory 1174 mav be provide as a securiyy module for device 1130, and may be
progranuned with instructions that permit secure use of device 1150, In addition,
secure applications may be provided via the SIMM cards, along with additionsl
miormation. such as placing identifving mformation on the SIMM card 11 a non-
hackable manner,

{00661 The memory may 1oclude, for exarople, Hlash merory and/or NVRAM
memory, as discussed below. In one implementation, a computer program product is
tangibly embodied w an wformation camer. The compuier program product may
contain mstructions that, when executed, perform one or more methods, such as those
described above. The information camier may be a computer- or roachine-readable
roedium, such as the mermory 1164, expansion memory 1174, memory on processor
PISZ, or a propagated signal that may be recerved, for example, over transceiver 1168

or external mierface 1162
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{00671 Device 1130 wav  commonicate  wirelessly  through  communication
mierface 1166, which may wclude digital signal processing circuitry where necessary.
Comypunication interface 1166 may provide for communications under varions modes
or protocols, such as GSM voice calls, BMS, EMS, or MMSE spesch recogmiiion,
CDMA, TDMA, PDC, WODMA, UDMAZOOO, or GPRS, among others. Such
communication may occur, for example, through radio-frequency transceiver 1168, In
addition, short-range communication may occur, such as using a Bluetooth, WiFi, or
other such transceiver {(not shown). In addiion, 4GP (Global Posttioning Sysiem)
recetver modute 1170 mav provide addiional navigation- and location-related
wireless data to device 1150, which may be used ay appropriate by applications
running on device 1150,

{00681 Device 1150 may also compmuucate audibly using audio codec 1160,
which may recgive spoken information from a user and convart it to usable digital
miformation. Awdio codec 1160 may ikewise generate mudible sound for a user. such
as through a speaker, e g.. in a handset of device 1150, Such sound may inchude sound
from voice telephone calls, may inchwde recorded sound {e.g., voice messagas, music
files, eic) and may also mclude sound generated by applications operating on device
PI3G,

1006%] Computing device H30 may be mmplemented in a nwurober of different
forros, as shown in the figure. For exanple, it roay be implemented a8 a cellular
telephone 1180 | may also be wplemented as part of a smartphone 1182, personal
digital assistant, reroote control, or ather simitar mobile device.

10070] YVarous tnplersordasions of the svstens and technugques desernibed bere can
be realized in digual electronic circuitry, integrated circuiry, specially designed
ASICs {appheation specific mtegrated curouls), computer hardware, firmware,
sofftware, and/or combinations thereof These various implementations can mclude
mmnplementation in one o more computer programs that are execuiable and/or

inferpretable on g prograymmable sysierm inchuding at leasi one programmable
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processor, which may be special or general purpose, coupled 1o receive daia and
mstructions from, and o transoyt data and instroctions to, a siorage system, af leasi
onte input device, and at feast one output device.

{00711 These compter programs {also known as programs, software, soffware
applications or code} include machine instructions for a programmable processor, and
can be umplementad in 3 hugh-level procedural and/or object-oriented programming
language, and/or in assembly/maching language. As used heramn, the terms "machine-
readable mediom” "computer-readatde medhum” refers o any computer program
product, apparatus and/or device (gg., magnehic discs, optical disks, memory,
Programmable Logic Devices (PLEsY) used to provide machine instructions and/or
data to a programmable processor, including a machine-readable mediom that
recetves machine instructions as a machine-readable signal The term "machine-
readable signal” refers 1o any signal used o provide machine mstructions and/or data
{0 a progranunable processor.

100724 As will be appreciated by one skilled in the art. the present disclosuwrg may
tie embodied as a method. svstern. or computier programn product  Accordingly, the
present disclosure may take the form of an entively hardware embodiment, an endiraly
software embodiment Gneluding Brmware, resident software, micro-code, et} or an
embodiment combinimyg software and hardware aspects that may all generglly be

LRI

referred to hercin as a “circuit,” Troodule” or Ysysiem.”  Furthermore, the present

disclosure moay take the form of g compuier program product on a compuier-usable

storage medinn having computer-usable program code embodied in the mediom.
{00731 Avy suitable comopuier usable or Coropuier readable mediwn mav be

utilized. The computer-usable or computer-readable mediur may be, for example but
not Hmited to, an electromic, magnetic, optical, electromagnetic, infrared, or
semiconductor svstem, apparatus, device, or propagation medium Move specific
examples {a non-exhaostive bty of the computer-readable medium would mclode the

following: an elecineal connection having one or more wires, a poriable computer
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diskette, a hard disk, a randorn access memory {RAM), a read-only roermory {ROM),
an erasable programunable read-only memory (EPROM or Flash memory), an optical
fiber, a poriable compact dise read-only memory (CD-ROM}, an optical storage
device, a transmission media such as those supporting the Infernet or an intranet, or a
magnetic storage device.  DMole that the commuder-usable or computer-readable
medium could even be paper or another suitable medium upon which the progran is
piinted, as the program can be electromically captwred, via, for instance, opticad
scanmng of the paper or other wedium, then compiled, interpreted, or otherwise
processed in a switable manner, i necessary, and then stored in 3 computer memaory.
in the context of this document, a computer-usable or computer-readable medium
may be any mediwm that can contain, store, conununicate, propagate, or transport the
progrant for use by o in connection with the instruction execution system, apparatus,
or device,

100744 Computer program code for carrying out operations of the present
disciosure may be written it an object onented progranyming language such as Java,
Smalltalk, C++ or the ke However, the compiier program code for carrving out
operations of the present disclosure nmay also be wrilten 1n conventional procedural
programming  laoguages, such as the "C" prograroming language or sinslar
programuoing languages.  The prograre code mav execute entirely on the user's
compuier, partly on the user's compuier, as a stand-alone software package, parthy on
the user's computer and partly on a remote coropuier of entirely on the revoole
computer or server. I the latter scenano, the remote computer may be connected to
the user’s compuler through a local area network {LAN} or a wide area network
{WAN)Y, or the comnmechon may be made to an external computer (for example,
through the Intemet using an Internet Service Provider),

{00751 The present disclosure s descnbed below with reference to flowchart
dhastrasions and/or block disgrams of wethods. apparains (sysiems} and compuier

program products according to ernbodimoents of the disclosure Bt will be understood
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ihat each block of the flowchart tHostralions and/or block diggrams, and combinations
of blocks in the flowchart ilusirations and/or block diagrams, can be implemenied by
compuler program nstructions.  These compuier program instructions way be
provided 1o a processor of a generad purposs computer, special purpose compner, of
other programmable data processing apparatus to produce a machine, such that the
mstractions, which executs via the processor of the competer or gther programmable
data processing apparatus, creafe means for implementing the functions/acts specified
i the Howchart and/or Mock diagram block or blocks.

{00761 These computer program insiruciions mav also be stored in a computer-
readable memory that can divect a compuder or other programmable data processing
apparaius 0 Rnclion in a particular manngr, suach that the instructions stored in the
compuier-readable memary produce an article of manufacture including instruciion
means which implement the function/act specified i the flowchart and/or block
diagram block or blocks.

{00771 The compitier progranm instructions may also be foaded onto a computer or
other prograromable data processing apparatus 1o cause g series of operational steps o
be performed on the compuier or other programmable apparatus o produce a
computer umpleroented process such that the mstructions which execute on the
computer or other prograromable apparatus provide steps for noplementing the
functions/acts specified m the Howehar and/or block diagranm block or blocks.

10078] To provide for mieraction with a user, the sysiems and technigues
described here can be implemenied on a computer havimg a display device {eg, a
CRY (cathode ray wube) or LOD (hgwd corvstal display) mormatory for displayiog
mformation 1o the user and 3 kevboard and a pointing device {s.g., 3 mouse or a
frackball) by which the user can prowvide input to the computer, Other kinds of devices
can be wsed to provide for interaction with a user as well, for example, fesdback

provided o the user can be anv form of sensory feedback ey, visual feedback,
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auditory feedback, or tachle feadback); and input from the user can be recetved in any
form, mcluding acoustic, speech, or tactile mput,

{00751 The systerns and techmgues described here mwav be implemented 1 a
computing svstem that inchides 8 back end component (e.z., as a data server), or that
mcludes a muddleware componerd (8.2., an applicaiion server), or that includes 3 front

end component {e.g., a client computer having a graphical user inferface or a Web

browser through which a user can interact with an implementation of the systems and
fechniques described here), or any combination of such back end, middieware, or
front end components. The componenis of the svatem can be interconnected by any
form or mediom of digital daia commuonication (eg., a commumicaiion network}.
Examples of communication networks ingiode g focal arga natwork ("LAN"), a wide
area network ("WAN"), and the Internst.

{0080 The computing sysiem may include clients and servers. A chient and server
are generally remote from each other and tvpically mteract through a conwnunication
network, The relationship of client and server arises by virtue of computer programs
running on the respective computers and having a clisnt-server relationship to each
other.

{0081 The Howchart and block diagrans n the figures illustrate the architecture,
functionahity, and operation of possible 1mplementations of systems, methods and
computer program producis according 1o varous embodiments of the present
disclosure.  In thus regard, each block m the flowchart or binck disgrams may
represent a module, segment, or portion of code, whach comprises one or more
executable fstructhions for tmplersenting the speaified logical funciion(s). It should
also be noted thai, 1n some alternative mplementations, the funchions noted in the
block may occur out of the order noted 1o the figures. For example, two blocks shown
in succession may, 1o {fact, be executed substantially concurrently, or the blocks may
sometimes be executed in the reverse order, depending upon the functionality

nvolved. B will also be noted that each block of the block diagrams and/or flowchan
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dlustration, and corobinations of blocks i the block diagrans and/or Bowchart
tHlustration, can be implemenied by special puwrpose hardware-based svatems that
perform the speaified functions or acts, or combimations of special purpose hardware
and compuder instructions.

{00821 The terminoclogy used hersim 13 Tor the purpose of desonbing particular
embodiments only and i3 not intended to be linuting of the discloswre.  As used
herein, the singolar forms "a", "an” and "the" are intended fo inchude the plural forms
as wall, unless the conlext clearly mdicates otherwise. H will be further understood

‘comprising,”

1

that the ferms "comprises” and/or when used mm this specification,
specify the presence of stated features, infegers, steps, operations, elements, and/or
components, but do not prechide the presence or addition of one or more other
features, infegers, steps, operations, slements, components, and/or groups thereaf
{0083} The corresponding structures, matenals, acts, and equivalents of all means
or step plus Dmction elements 1 the clains below are mtended to melude any
structure. material, or act for perfornung the funchion in combination with other
claimed elements as spectfically claimed. The description of the present disclosure
has bean presented for purposes of illustration and description, b is not mtended io
be exhaustive or Inwied 1o the disclosure in the form disclosed. Many modifications
and vanations will be apparent to those of ordingry skill i the art wubout deparung
frovo the scope and spint of the disclosure.  The embodiment was chosen and
described m order o best explamn the principles of the disclosure and the pracucal
application, and to enable others of ordinary skill n the art o understand the
disclosure for vanous embodiments with vanous modificaions as are swited o the
particular use contemnplated,

10034] Having thus described the disclosure of the present application in detai
and by reference o erobodiments thereofl 1t will be apparent that modificalions and
varigtions are possible without departing from the scope of the disclosure defined 1o

the appended clavme.
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What Is Claimed Is:

1. A method for speech detection adaptation comprising:

receiving, at a processor, a speech signal corresponding to a particular
environment;

estimating one or more acoustical parameters that characterize the
environment, wherein the one or more acoustical parameters are not
configured to identify a known scenario; and

dynamically controlling a speech detector based upon, at least in part,
the one or more acoustical parameters, wherein dynamically controlling

includes configuring feature parameters and detector parameters.

2. The method for speech detection adaptation of claim 1, further comprising:
after dynamically controlling, identifying at least one known scenario

based on the one or more acoustical parameters.

3. The method for speech detection adaptation of claim 2, further comprising:
selecting a fixed configuration tuned for the at least one known

scenario instead of the dynamically controlled configuration.

4. The method for speech detection adaptation of claim 1, further comprising:
determining a reliability of a VAD feature by rating the VAD feature’s

performance in at least one previous frame.

5. The method for speech detection adaptation of claim 1, further comprising:
dynamically adapting an amount of context that is employed for each

of the one or more acoustical parameters.

6. The method for speech detection adaptation of claim 1, further comprising;
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7.

10.

11.

12.

identifying a VAD feature having an insignificant contribution; and

omitting at least one calculation associated with the VAD feature.

The method for speech detection adaptation of claim 1, wherein estimating the

one or more acoustical parameters is performed for a subset of frames.

The method for speech detection adaptation of claim 1, wherein the one or

more acoustical parameters are derived from non-acoustic information.

The method for speech detection adaptation of claim 8, wherein the non-
acoustic information includes at least one of video, acceleration sensors, and

geo-localization information.

The method for speech detection adaptation of claim 1, wherein the one or

more acoustical parameters are employed in a non-speech detection algorithm.

A system for speech detection adaptation comprising:
a processor configured to perform one or more operations including:

receiving, at a processor, a speech signal corresponding to a particular
environment;

estimating one or more acoustical parameters that characterize the
environment, wherein the one or more acoustical parameters are not
configured to identify a known scenario; and

dynamically controlling a speech detector based upon, at least in part,
the one or more acoustical parameters, wherein dynamically controlling

includes configuring feature parameters and detector parameters.

The system for speech detection adaptation of claim 11, further comprising:
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13.

14.

15.

16.

17.

18.

19.

after dynamically controlling, identifying at least one known scenario

based on the one or more acoustical parameters.

The system for speech detection adaptation of claim 12, further comprising:
selecting a fixed configuration tuned for the at least one known

scenario instead of the dynamically controlled configuration.

The system for speech detection adaptation of claim 11, further comprising:
determining a reliability of a VAD feature by rating the VAD feature’s

performance in at least one previous frame.

The system for speech detection adaptation of claim 11, further comprising:
dynamically adapting an amount of context that is employed for each

of the one or more acoustical parameters.

The system for speech detection adaptation of claim 11, further comprising:
identifying a VAD feature having an insignificant contribution; and

omitting at least one calculation associated with the VAD feature.

The system for speech detection adaptation of claim 11, wherein estimating

one or more acoustical parameters is performed for a subset of frames.

The system for speech detection adaptation of claim 11, wherein the one or

more acoustical parameters are derived from non-acoustic information.

The system for speech detection adaptation of claim 11, wherein the non-

acoustic information includes at least one of video, acceleration sensors, and

geo-localization information.
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20. The system for speech detection adaptation of claim 11, wherein the one or

more acoustical parameters are employed in a non-speech detection algorithm.
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receiving, at a processor, a speech signal corresponding to a particular
environment

2027 l

estimating one or more acoustical parameters that characterize the
environment, wherein the one or more acoustical parameters are not
configured to identify a known scenario

204/ l

dynamically controlling a speech detector based upon, at least in part, the
one or more acoustical parameters, wherein dynamically controlling
includes configuring feature parameters and detector parameters

206~
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