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METHODS AND APPARATUS FOR MODULE ARBITRATION

BACKGROUND

As is known in the art, in some systems a single speech recognition Ul system can process
user utterances for a number of applications. An arbitration module can select one of the
applications to respond to the user utterance. In conventional systems, a multi-class
classifier performs arbitration for the various applications. However, such a multi-class
classifier is trained for known applications. Thus, the multi-class classifier it not readily

extensible for independently developed applications.

SUMMARY

Embodiments of the invention provide methods and apparatus for a single user interface
(UI) system having multiple modules, where each module implements a subset of the Ul
functionality of the full system. A module typically corresponds to an application
supported by the system. At runtime, arbitration is applied by one arbitration system that
analyzes the request passed to the Ul system by a user, and depending on the requested
functionality, the UI system passes control to the relevant module(s). Embodiments of the
invention are directed to Ul systems based on speech recognition, where user inputs are
voice commands, but it could also be used for other UI systems that deal with possibly

ambiguous input.

In general, modules operate independently from each other and can be developed
independently from each other so that the framework is readily extensible with other
modules without the need to change existing modules or to change the arbitration system.
Embodiments of the invention provide a Ul system from an undefined number of

independently developed UI modules to which control can be given.

In illustrative embodiments, the user input to the Ul system is passed to the respective
modules, possibly after some first processing (e.g., applying automated speech recognition
on an audio utterance). Each module outputs a probability to express a level of relevance
the input has to the functionality of the respective module. The modules operate
independently and provide input to an arbitration module, which can process input from

any practical number of modules. The role of the arbitration module is to gather the output
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of the respective modules, and propose one or more of them as the ones that should be

allowed to process the command from the user.

Embodiments of the invention are applicable to various applications where an extensible
framework is desirable, such as connecting different devices that contain one or more
speech-enabled applications to a head unit in a car, for example, and/or integrated systems
that allow different ASR/NLU technologies to share a single microphone in a system.
Further applications include an extensible system that provides an ASR/NLU system that
is extensible with other modules downloaded and executed on different devices. It is
understood that the modules do not need to reside on different devices. Also on a single
device, with the provided flexibility, modules can be developed at different points in time

and by independent teams, they can be chosen and combined freely by the user, etc.

In one aspect of the invention, a method comprises: receiving, in response to a user
utterance, a first input from a first classifier of a first application, the first input including a
probability of at least a portion of the user utterance being in domain for the first
application, wherein in domain for the first application means that the first application
contains the functionality required to respond to the utterance; receiving, in response to the
user utterance, a second input from a second classifier of a second application, the second
input including a probability of at least a portion of the user utterance being in domain for
the second application; and performing arbitration on the user utterance using the first and
second inputs to prioritize a first one of the first and second applications for responding to

the user utterance.

The method can further include one or more of the following features: performing
automated speech recognition (ASR) on the user utterance by an ASR module in the first
application specific to the first application and generating a first n-best list for the user
utterance, processing the first n-best list by the first classifier in the first application, the
arbitration is performed by an arbitration module on a head unit of a vehicle, the first
application is located on the vehicle and the second application is located on a mobile
phone wirelessly connected to the head unit, the first classifier and the second classifier
were trained using a reference dataset, the first classifier includes an in domain/out of

domain classifier trained using input data relevant to the first application for the in domain
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data and input data that is not relevant to the first application for out of domain data,
where the latter is extracted from the reference dataset, the first and second applications
were independently developed, but using the same reference dataset to obtain out of
domain data for training, and/or the first classifier receives a feature set as input derived

from the user utterance.

In another aspect of the invention, an article comprises: a non-transitory computer
readable storage medium having stored instructions that enable a machine to: receive, in
response to a user utterance, a first input from a first classifier of a first application, the
first input including a probability of at least a portion of the user utterance being in domain
for the first application, wherein in domain for the first application refers to functionality
provided by the first application; receive, in response to the user utterance, a second input
from a second classifier of a second application, the second input including a probability
of at least a portion of the user utterance being in domain for the second application; and
perform arbitration on the user utterance using the first and second inputs to prioritize a

first one of the first and second applications for responding to the user utterance.

The article can further include one or more of the following features: performing
automated speech recognition (ASR) on the user utterance by an ASR module in the first
application specific to the first application and generating a first n-best list for the user
utterance, processing the first n-best list by the first classifier in the first application, the
arbitration is performed by an arbitration module on a head unit of a vehicle, the first
application is located on the vehicle and the second application is located on a mobile
phone wirelessly connected to the head unit, the first classifier and the second classifier
were trained using a reference dataset, the first classifier includes an in domain/out of
domain classifier trained using input data relevant to the first application for the in domain
data and input data that is not relevant to the first application for out of domain data,
where the latter is extracted from the reference dataset, the first and second applications
were independently developed, but using the same reference dataset to obtain out of
domain data, and/or the first classifier receives a feature set as input derived from the user

utterance.
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In a further aspect of the invention, a system comprises: an interface to communicate with
first and second applications; an arbitration means coupled to the interface, the arbitration
means to arbitrate on a user utterance from a user based on a first input from a first
application in response to the user utterance and a second input from a second application
in response to the user utterance, wherein the first input is received from a first classifier
of the first application, the first input including a probability of at least a portion of the
user utterance being in domain for the first application, wherein in domain for the first
application corresponds to functionality provided by the first application, and wherein the
second input is received from a second classifier of the second application, the second
input including a probability of at least a portion of the user utterance being in domain for
the second application, the arbitration means to prioritize a first one of the first and second

applications for responding to the user utterance.

The system can further include one or more of the following features: automated speech
recognition (ASR) performed on the user utterance by an ASR module in the first
application specific to the first application and generating a first n-best list for the user
utterance, the first n-best list processed by the first classifier in the first application, the
arbitration performed by an arbitration module on a head unit of a vehicle, the first
application located on the vehicle and the second application located on a mobile phone
wirelessly connected to the head unit, the first classifier and the second classifier trained
using a reference dataset, the first classifier including an in domain/out of domain
classifier trained using input data relevant to the first application for the in domain data
and input data that is not relevant to the first application for out of domain data, where the
latter is extracted from the reference dataset, the first and second applications were
independently developed, but using the same reference dataset to obtain out of domain
data, and/or the first classifier receives a feature set as input derived from the user

utterance.
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BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing features of this invention, as well as the invention itself, may be more fully

understood from the following description of the drawings in which:

FIG. 1 is a schematic representation of a system having module extensible arbitration;

FIG. 2 is a schematic representation showing further detail of a system having module

extensible arbitration;

FIG. 3 is a flow diagram showing an illustrative sequence of steps for module extensible

arbitration; and

FIG. 4 is a schematic representation of an illustrative computer that can perform at least a

portion of the processing described herein.

DETAILED DESCRIPTION

FIG. 1 shows a system 100 including an automobile head unit 102 in communication with
a number of devices 104a-N. The head unit 102 includes a number of applications 106a-
M, such as a phone application 106a, a navigation application 106b, and an entertainment
application 106N. It is understood that a wide variety of applications 106 can be provided
on an automobile head unit 102. The applications 106 are coupled to an interaction

module 108, which includes an arbitration module 110.

A first device 104a, such as a mobile phone, includes an application 112, such as a social
media application, coupled to an interaction module 114. A second device 104N, such as
a tablet computer, includes a number of applications 116a-O, such as a navigation

application and a SMS application, coupled to an interaction module 118.

As described more fully, below, the arbitration module 110 determines which application
on the head unit 102 or devices 104 should respond to a user voice command, for example,

from a passenger in the vehicle. The arbitration may also determine that multiple
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applications can respond to the user voice command. In this case, its role is to determine

the relative relevance of each application.

While illustrative embodiments of the invention are shown and described in conjunction
with an automobile head unit, it is understood that embodiments of the invention are

applicable to any system having various applications for which arbitration is desirable.

FIG. 2 shows a system 200 having a number of modules 202a-N implementing a subset of
the user interface (UI) functionality. In embodiments, each of the modules 202
corresponds to an application supported by the system. Examples could be a module
supporting navigation functionality (voice controlled navigation), a module supporting
phone functionality (voice aided dialing), and a module supporting control of a music
player. The modules 202 can be provided on a vehicle head unit or connected device. At
runtime, arbitration is provided by a single arbitration module 204 that analyzes a request
passed to the Ul system by a user. Depending upon the requested functionality, the

arbitration module 204 passes control to the relevant module(s).

Each of the applications 202 provides different functionality, e.g., mobile phone,
navigation, weather, music, from the vehicle head unit or a connected (or unconnected)
device. It is understood that devices can coupled to the vehicle head unit using any
suitable communication protocol, such as BLUETOOTH. In general, head unit and
connected applications use microphones and loudspeakers of the vehicle. In embodiments,
the arbitration module 204 resides on the vehicle head end but can be located at any

practical local or remote location.

In embodiments, the modules 202 operate independently from each other. In general, the
modules 202 can be developed independently from each other to provide a readily
extensible framework without changing existing modules or the arbitration system 204.
Embodiments of the invention provide an Ul system from an undefined number of
independently developed UI modules and assigns control to the ‘correct’ module(s), as

described more fully below.
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Each of the modules 202 takes input of the same commonly defined format. Typically, in a
voice Ul system this will be an audio command of the user to the system (e.g., “play song
X”). It could however also be a different format. For example, one can first place an ASR
module, which transforms the audio command to a text command and is common to all

modules, and then use this as input to the different modules.

Each of the modules 202 includes functionality to provide an output to the arbitration
module 204. This output format is a single number, which indicates the probability that
received input is relevant to the current module, e.g., that the module possesses the
required functionality to respond to the received Ul command. This probability is
comparable over the different modules, as explained more fully below. This comparability

enables operation of the arbitration module 204.

In one embodiment, the functionality present in each module 202 includes a respective
input processing module 210a-N and respective ID-vs-OOD classifier module 241a-N.
Input processing 210 analyzes the input and derives from it a feature set 212a-N. In case
the input is in the form of audio commands, such input processing would normally take
the form of an ASR system. The feature set which forms the output of such a system can
include a vector of numbers or Boolean values, for example, indicating:

- Whether or not certain keywords relevant to the module were recognized in the
audio signal (e.g., for a navigation module, the input processor may search for
words like “drive”, “navigate”, etc.)

- What is the confidence score that the ASR system attributes to this recognition
(how certain is it to have recognized the sentence successfully).

- What is the language model score of the command recognized by the ASR system
(what is the probability of a command containing these words in this order).

The terms recognition confidence, language model score, and feature set are well known

in the art. The practice of calculating a feature set based on an input signal as input for a

classifier is also well known in the art.

The ID-vs-OO0D classifier 214 takes as input the feature set 212, and produces a
probability that the received input signal (which was processed to obtain the feature set) is

relevant to the current module. We refer to this probability as P{4up, |5}, where App, 1s



10

15

20

25

30

WO 2016/053276 PCT/US2014/058211

the current module, and 5 is the input signal. Note that a classifier is used in the illustrative
embodiment that produces a posterior probability estimate as output. Examples known in
the art are logistic regression or neural networks. Other such classifiers can be found in the
literature related to this field and are readily understood by one of ordinary skill in the art.
The input format accepted by the classifier can be quite free depending upon the needs of
a particular application. It should be noted that the output produced by the input

processing (the feature set) conforms with the type of input expected by the classifier.

One aspect of embodiments of the invention is that the output (the probability) of the
classifier 214 of each module 202 is directly comparable to that of other classifiers. This is
obtained through the training of the classifier 214. The training is a process in which the
classifier 214 is adapted to the specific use case, by using a training process and a training
dataset. The training process depends on the kind of classifier that is chosen; any suitable
technique known in the art can be used. The training dataset, on the other hand, makes the

output of the classifiers 214 comparable.

The training dataset to be used to train the ID-vs-OOD classifier 214a of module 202a
should contain examples of input data that are relevant to the module, which we refer to as
In-Domain (ID) data, and input that that are not relevant to the modules, which we refer to
as Out-Of-Domain (OOD) data. If we assume that module 202a supports music
functionality, ID data refer to commands related to the music functionality supported by
the module, e.g., “Play song X”, or “Switch off the radio,” while OOD data can be
anything, from “Navigate to LA” to “What’s the weather like tomorrow?” In an
embodiment, each module 202 should be associated with a sct of ID data, a broad and

general set of examples of input that are relevant to the module.

To explain how we make the output probability of each classifier comparable, we first
consider a conventional integrated system, which is not modular (where it is not needed
that modules can be developed individually and combined freely). In this case, one would
train a single multi-class classifier, which has ¥ outputs, one for each module, where each
output would correspond to the posterior probability of one module, ¢.g., P{dpp,|Sh

Classifiers for such multi-class classification and training for them are known in the art.
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The training dataset of such classifier would correspond to the conjunction of ID data for

all & modules.

As a first step towards modularity in accordance with embodiments of the invention, we
can change this approach into training & classifiers, one for each class, with a single
output F{4pp,.]5). The output of this classifier 214a indicates the posterior probability of
one module 202a. We refer to such single output classifier 214a as a binary classifier. In
this case the binary classifier 214a is trained with its own ID data labeled as ID, and the
data of all other modules 202b-N as OOD.

Now we consider the fully modular system targeted by this invention, in which modules
are developed independently and combined freely. During the development of a module
Appg, one cannot easily compose a good training dataset with ID and OOD data, where
the OOD data are the conjunction of all ID data of all other modules. While the ID of
App, are known, the ID data of all other modules are normally not known. This is because
modules are developed independently and will also be put together independently at
runtime. This means that we do not know the OOD part of the dataset, and we also do not
know its size. To address this, illustrative embodiments include the following:

- Weuse a reference dataset (206). This dataset contains a wide variety of examples
of input data. It is should be as broad as possible, and generally represent input that
may be given to the system. Whenever we train a classifier for a new module
App,, we use as O0D data any sentence of the reference dataset that is not
relevant to modules Appn,. This reference dataset is the common point of reference
that ties together the training processes of different modules.

- We train with a fixed proportion of ID data and OOD data. This proportion can be
chosen freely, but it should be the same for all modules, ¢.g., 25% ID data.

The arbitration module 204 produces an arbitration decision by comparing the
probabilities that were calculated by each module 202 including the binary ID-vs-OOD
and ID probability. New applications can be readily added since the classifier for the new

module can generate output in a format that is comparable to the other modules.
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In general, the arbitration module 204 can receive input from any practical number of
application modules 202. In addition, weights can be generated to modulate the behavior
of the arbitration module 204, such as favoring certain modules over others. Such weights
can reflect user preferences, learning results, training, and the like, taken alone or in

combination.

Subsequent to arbitration, a chosen module 202 can also perform additional classification
tasks that are specific to the module, for example, “play My Way by Frank Sinatra” may
involve a topic/slot extraction 220 to play (topic) a particular song (slot) by a particular
artist (slot). This task is specific to each module, and is independent from arbitration. This
means that it can be trained using only ID data, which is available during the independent
development of a single module App,. Any algorithm for topic/slot extraction known in

the art can be used at this point.

If topic/slot extraction is done using a classifier that estimates posterior probabilities (like
described for ID vs OOD classification), we can refer to its output as P(I|Appa,S), where 1
refers to a combination of topic and slots. This probability is dependent on the input signal
S, and the module App., because topic/slot extraction is specific to a module. In this case,
one can calculate a probability of a topic/slot combination that is comparable over all
modules, as P(I|Appa..S)P(Appa.|S) (where we assume that a given topic/slot combination is

only possible within one module).

FIG. 3 shows an illustrative sequence of steps for providing arbitration between
independent pluggable modules. In step 300, an input is received, such as a user utterance.
In step 302, first and second modules process the user utterance using ASR generate
respective n-best outputs, which form the feature sets that serve as input to their respective
classifiers. In step 304, a first classifier for the first module processes the first n-best list
and a second classifier in the second module processes the second n-best list. The
classifiers output probabilities. In step 306, an arbitration module processes the outputs
from the first and second classifiers. In step 308, the arbitration module assigns one of the

first and second modules to respond to the user utterance.

10
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It is understood that the illustrative steps described above can include various types of

inputs from which a feature set can be generated and used by an ID-OOD classifier.

It is understood that the term application as used herein refers to a set of functionalities.
Normally, such set of functionalities will be somehow related, ¢.g. because they refer to
the same physical device (e.g., a “phone” application), or because they refer to
semantically related concepts. Nevertheless, in principle, they can also refer to a more
random combination of functionalities (e.g., an application covering both “phone” and
“navigation” related functionality). Also, applications do not need to be mutually
exclusive: there can be overlap in the functionality they support. Such flexible definition

of the term application ensures a broad applicability of this system.

FIG. 4 shows an exemplary computer 400 that can perform at least part of the processing
described herein. The computer 400 includes a processor 402, a volatile memory 404, a
non-volatile memory 406 (e.g., hard disk), an output device 407 and a graphical user
interface (GUI) 408 (e.g., a mouse, a keyboard, a display, for example). The non-volatile
memory 406 stores computer instructions 412, an operating system 416 and data 418. In
one example, the computer instructions 412 are executed by the processor 402 out of
volatile memory 404. In one embodiment, an article 420 comprises non-transitory

computer-readable instructions.

Processing may be implemented in hardware, software, or a combination of the two.
Processing may be implemented in computer programs executed on programmable
computers/machines that each includes a processor, a storage medium or other article of
manufacture that is readable by the processor (including volatile and non-volatile memory
and/or storage elements), at least one input device, and one or more output devices.
Program code may be applied to data entered using an input device to perform processing

and to generate output information.

The system can perform processing, at least in part, via a computer program product, (e.g.,
in a machine-readable storage device), for execution by, or to control the operation of, data
processing apparatus (e.g., a programmable processor, a computer, or multiple computers).

Each such program may be implemented in a high level procedural or object-oriented

11
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programming language to communicate with a computer system. However, the programs
may be implemented in assembly or machine language. The language may be a compiled
or an interpreted language and it may be deployed in any form, including as a stand-alone
program or as a module, component, subroutine, or other unit suitable for use in a
computing environment. A computer program may be deployed to be executed on one
computer or on multiple computers at one site or distributed across multiple sites and
interconnected by a communication network. A computer program may be stored on a
storage medium or device (e.g., CD-ROM, hard disk, or magnetic diskette) that is readable
by a general or special purpose programmable computer for configuring and operating the
computer when the storage medium or device is read by the computer. Processing may
also be implemented as a machine-readable storage medium, configured with a computer
program, where upon execution, instructions in the computer program cause the computer

to operate.

Processing may be performed by one or more programmable processors executing one or
more computer programs to perform the functions of the system. All or part of the system
may be implemented as, special purpose logic circuitry (e.g., an FPGA (field

programmable gate array) and/or an ASIC (application-specific integrated circuit)).

Elements of different embodiments described herein may be combined to form other
embodiments not specifically set forth above. Various elements, which are described in
the context of a single embodiment, may also be provided separately or in any suitable
subcombination. Other embodiments not specifically described herein are also within the

scope of the following claims.

Having described exemplary embodiments of the invention, it will now become apparent
to one of ordinary skill in the art that other embodiments incorporating their concepts may
also be used. The embodiments contained herein should not be limited to disclosed
embodiments but rather should be limited only by the spirit and scope of the appended
claims. All publications and references cited herein are expressly incorporated herein by

reference in their entirety.

12
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What 1s claimed is:

1. A method, comprising:

receiving, in response to a user input, a first input from a first classifier of a first
application, the first input including a probability of at least a portion of the user input
being in domain for the first application, wherein in domain for the first application refers
to functionality provided by the first application;

receiving, in response to the user input, a second input from a second classifier of a
second application, the second input including a probability of at least a portion of the user
input being in domain for the second application; and

performing arbitration on the user input using the first and second inputs to

prioritize a first one of the first and second applications for responding to the user input.

2. The method according to claim 1, further including performing automated speech
recognition (ASR) on the user input by an ASR module in the first application specific to

the first application and generating a first feature list for the user input.

3. The method according to claim 2, further including processing the first feature list by

the first classifier in the first application.

4. The method according to claim 1, wherein the arbitration is performed by an

arbitration module on a head unit of a vehicle.
5. The method according to claim 1, wherein the first application is located on the vehicle
and the second application is located on a mobile phone wirelessly connected to the head

unit.

6. The method according to claim 1, wherein the first classifier and the second classifier

were trained using a reference dataset.

7. The method according to claim 1, wherein the first classifier includes an in domain/out

of domain classifier trained using input data relevant to the first application for the in

13
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domain data and input data that is not relevant to the first application for out of domain

data.

8. The method according to claim 1, wherein the first and second applications were

independently developed.

9. The method according to claim 1, wherein the first classifier receives a feature set as

input derived from the user input.

10. An article, comprising:
a non-transitory computer readable storage medium having stored instructions that enable
a machine to:

receive, in response to a user input, a first input from a first classifier of a first
application, the first input including a probability of at least a portion of the user input
being in domain for the first application, wherein in domain for the first application refers
to functionality provided by the first application;

receive, in response to the user input, a second input from a second classifier of a
second application, the second input including a probability of at least a portion of the user
input being in domain for the second application; and

perform arbitration on the user input using the first and second inputs to prioritize a

first one of the first and second applications for responding to the user input.

11. The article according to claim 10, wherein the arbitration is performed by an

arbitration module on a head unit of a vehicle.
12. The article according to claim 10, wherein the first application is located on the
vehicle and the second application is located on a mobile phone wirelessly connected to

the head unit.

13. The article according to claim 10, wherein the first classifier and the second classifier

were trained using a reference dataset.
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14. The article according to claim 10, wherein the first classifier includes an in
domain/out of domain classifier trained using input data relevant to the first application for
the in domain data and input data that is not relevant to the first application for out of

domain data.

15. The article according to claim 10, wherein the first and second applications were

independently developed.

16. The article according to claim 10, wherein the first classifier receives a feature set as

input derived from the user input.

17. A system, comprising:

an interface to communicate with first and second applications;

an arbitration means coupled to the interface, the arbitration means to arbitrate on a
user input from a user based on a first input from a first application in response to the user
input and a second input from a second application in response to the user input, wherein
the first input is received from a first classifier of the first application, the first input
including a probability of at least a portion of the user input being in domain for the first
application, wherein in domain for the first application corresponds to functionality
provided by the first application, and wherein the second input is received from a second
classifier of the second application, the second input including a probability of at least a
portion of the user input being in domain for the second application, the arbitration means

to prioritize a first one of the first and second applications for responding to the user input.

18. The system according to claim 17, wherein the first application is located on a vehicle
head unit and the second application is located on a device wirelessly connected to the

head unit.

19. The system according to claim 17, wherein the first classifier includes an in
domain/out of domain classifier trained using input data relevant to the first application for
the in domain data and input data that is not relevant to the first application for out of

domain data.

15
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20. The system according to claim 17, wherein the first classifier receives a feature set

from an automated speech recognition module as input derived from the user input.

16
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