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METHODS AND SYSTEMS FOR ASSESSING AND IMPROVING THE

PERFORMANCE OF A SPEECH RECOGNITION SYSTEM

Related Applications

[0001]  This application is a continuation-in-part of U.S. Patent Application Serial
Number 11/539,4586, entitled “Method and Systems for Adapting a Model for a
Speech Recognition System” filed October 6, 2006, which is a continuation-in-part
application of U.S. Patent Application Serial Number 11/331,649, entitled “Method
and System for Considering Information About an Expected Response When
Performing Speech Recognition” filed January 13, 2006, which is a continuation-in-
part application of U.S. Patent Application Serial Number 11/051,825, entitled
“Method and System for Considering Information About an Expected Response
When Performing Speech Recognition” filed February 4, 2005, which all applications
are incorporated herein by reference in entirety. This application also claims the
benefit of U.S. Provisional Application No. 60/788,622, entitled “Methods and
Systems for Assessing the Performance of a Speech Recognition System”, filed
April 3, 2006, U.S. Provisional Application No. 60/788,6086, entitied “Methods and
Systems for Adapting a Model for a Speech Recognition System”, filed April 3, 2006,
and U.S. Provisional Application No. 60/788,621, entitled “Methods and Systems for
Optimizing Mode! Adaptation for a Speech Recognition System”, filed April 3, 2008,
which all applications are incorporated herein by reference in entirety.

Technical Field

[0002]  The invention relates to speech recognition and more particularly to

assessing and improving the performance of a speech recognition system.
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Background

[0003] One illustrative application of speech recognition technology applies to the
workplace. Speech recognition systems have simplified many tasks particularly for a
user in the workplace by permitting the user to perform hands-free communication
with a computer as a convenient alternative to communication via conventional
peripheral input/output devices. For example, a warghouse or inventory worker user
could wear a wireless wearable terminal having a speech recognition system that
permits communication between the user and a central computer system so that the
user can receive work assignments and instructions from the central computer
system. The user could also communicate to the central computer system
information such as data entries, questions, work progress reports and work
condition reports. In a warehouse or inventory environment, a user can be directed
{through an instruction from the central computer system or visually by means of a
display) to a particular work area that is labeled with a multiple-digit number {check-
digit) such as “1-2-3" and asked to speak the check-digit. The user would then
respond with the expected response “1-2-3". (Note that a “check-digit” can be any
word or sequence of words, and is not limited to digits.)

[0004]  Other such examples of communication between a user and speech
recognition system are described in U.S. Patent Application No. 2003/0154075 and
include environments where a wearable or portable terminal is not required such as
in an automobile or a telephone system; environments that are not in a warehouse
such as in a managed care home, nursing home, pharmacy, retail store, and office;
voice-controlled information processing systems that process, for example, credit
card numbers, bank account numbers, social security numbers and personal

identification numbers; other applications such as command and control, dictation,
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data entry and information retrieval applications; and speech recognition system
features such as user verification, password verification, quantity verification, and
repeat/acknowledge messages. The inventions presented here can be used in
those applications. In using a speech recognition system, manual data entry is
eliminated or at the least reduced, and users can perform their tasks faster, more
accurately and more productively.

Example Speech Recognition Errors

[0005]  Errors can be made by a speech recognition system however, due to for
example background noise or a user’'s unfamiliarity or misuse of the system. The
errors made by a system can be classified into various types. A metric, an error rate
(which can be defined as the percentage or ratio of observations with speech
recognition errors over the number of observations of the system and which can be
determined over a window of time and/or data and per user) is often used to
evaluate the number and types of errors made by a speech recognition system and
is thus useful in evaluating the performance of the system. An observation can be
defined as any speech unit by which speech recognition may be measured. An
observation may be a syllable, a phoneme, a single word or multiple words (such as
in a phrase, utterance or sentence). When counting the number of observations of
the system, the observations input to the system may be counted or the
observations output by the system may be counted. One skilled in the art will also
know and understand that an accuracy rate (which can be defined as the percentage
or ratio of correct observations of the system over the number of observations of the
system and which can be determined over a window of time and/or date énd per
user) can be used to evaluate the performance of the system. Recognition rates

can be defined in a variety of other ways, such as a count of observations with errors
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divided by a length of time, a count of correct observations divided by a period of
time, a count of observations with errors divided by a number of fransactions, a
count of correct observations divided by a number of transactions, a count of
observations with errors after an event has occurred (such as apparatus being
powered on or a user starting a task), or a count of correct observations after an
event has occurred, to name a few. Therefore, a recognition rate (which can be an
error rate, an accuracy rate, a rate based upon the identification or counting of
observations with errors or correct observations, or other type of recognition rate
known to those skilled in the art) is useful in evaluating the performance of the
system. In general, a recognition rate can be determined for a word or for various
words among a set of words, or for a user or multiple users. Identification of a
system’s errors can be done by comparing a reference transcription of a user’s input
speech to the hypothesis generated by the system (the system’s interpretation of the
user’s input speech). Furthermore, as known to those skilled in the art, the
comparison can be time-aligned or text-aligned.

[0006]  One type of speech recognition error is a substitution, in which the speech
recoghition system’s hypothesis replaces a word that is in the reference transcription
with an incorrect word. For example, if system recognizes “1-5-3” in response to the
user's iﬁput speech “1-2-3", the system made one substitution: substituting the &’
for the '2°.

[0007]  Another type of speech recognition error is a deletion, in which the speech
recognition system's hypothesis lacks a word that is in the reference transcription.
For example, if system recognizes “1-3” in response to the user’s input speech “1-2-
3", the system deleted one word, the ‘2. One variation of the deletion error is a

deletion due to recognizing garbage, in which the system erroneously recognizes a
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garbage model instead of recognizing an actual word. Another variation of the
deletion error is a deletion due to a speech misdetection, where the system fails to
detect that the audio input to the system contains speech and as a result does not
submit features of the audio input to the system’s search algorithm. Another type of
deletion occurs when the system rejects a correct observation due to a low
confidence score. Yet another variation of the deletion error is a deletion due to a
rejected substitution, where a search algorithm of the speech recognition generates
a substitution, which is later rejected by an acceptance algorithm of the system. Still
another type of deletion, occurring in time-aligned comparisons, is a merge: the
speech recognition system recognizes two spoken words as one. For example, the
user says “four-two” and the system outputs “forty”.

[0008] In this application, a garbage model refers to the general class of models
for sounds that do not convey information. Examples may include for example
models of breath noises, “um”, “uh”, sniffles, wind noise, the sound of a pallet
dropping, the sound of a car door slamming, or other general model such as a
wildcard that is intended to match the input audio for any audio that doesn’'t match a
model in the library of models.

[0009]  Yet another type of speech recognition error is an insertion, in which the
speech recognition system’s hypothesis includes a word {(or symbol) that does not
correspond to any word in the reference transcription. Insertion errors often occur
when the system generates two symbols that correspond to one symbol. One of
these symbols may correspond to the reference transcription and be tagged as a

correct observation. If it does not correspond to the reference transcription, it can be
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tagged as a substitution error. In either case, the other symbol can be tagged as an
insertion error. Insertion errors are also common when noise is mistakenly
recognized as speech.

[00010] In contrast to determining that an actual error or correct observation
occurred by comparing a system’s hypothesis to a reference transcript, an error or
correct observation can be estimated or deemed to have occurred based on system
behavior and user behavior. This application describes methods for determining a
recognition rate, wherein the recognition rate is an estimate based on estimated
errors or estimated correct observations deemed to have occurred after evaluating
system and user behavior. Accordingly, one can estimate or evaluate the
performance level of the speech recognition system by detecting in this manner the
various errors committed by or correct observations of the system. One way to
detect a speech recognition error is based on feedback a user provides to the
speech recognition system. Feedback can be requested by the speech recognition
system. For example, the system could ask the user to confirm the system’s
hypothesis by asking the user for example “Did you say 1-5-37", and if the user
responds “no’, it indicates that the system made an error recognizing “1-5-3".
Another type of feedback is based on a user's emotion detected by speech
recognition. For example, if the system recognizes in the user’s input speech that
the user is sighing or saying words indicating aggravation, it may indicate that an
error occurred. Yet another type of feedback is based on a user’s correction
command to the system, such as the user speaking “back-up” or “erase’, or the user
identifying what word was spoken (which could be from a list of possible words
displayed by the system). When a correction is commanded to the system, it may

be that an error occurred.
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Assessing the Performance of a Speech Recognition Sysiem

[00011] Errors made by a speech recognition system for a particular user or
multiple users in the same environment occur due to various reasons.
Environmental factors such as background noise influence the performance of a
speech recognition system. Furthermore, a particular user may report a system’s
poor recognition accuracy when other users in the same environment do not report
similar problems, for various reasons. One reason may be that the models used by
the speech recognition system are not well-matched to the user's speech patterns.
Another possible reason may be that the user’s expectations of the system are
higher than other users and are

unrealistic. Another possible reason is that the user is being uncooperative or is
tired of working and blames the system for the user’s poor performance in order to
get a “troubleshooting break”.

[00012] One common way to assess the situation is for the supervisor to listen in
to the worker while he performs his job. However, this is a time consuming process
and because a user may alter his or her behavior and speech patterns when being
observed, this method often does not yield satisfactory results. Furthermore, this
method requires the supervisor to have the expertise of knowing how to assess a
system and user’s performance, knowing what is acceptable performance and
knowing how to improve the performance. There are other methods for assessing
performance, but these methods require taking a transcript of the user’s speech and
the output of the speech recognition system and performing an analysis.

[00013] Therefore, it is useful to provide a way for a supervisor to assess
performance of a speech recognition system when the system is used by a particular

user or set of users, determining if a problem exists and if so, how to correct it.
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Furthermore, it is useful to discriminate between actual speech recognition problems
(due to for example environmental influences or a user not knowing how to
effectively use the system) and user misbehavior. In addition, it is useful to assess
the performance of a system and provide a report of this assessment without
creating or manually correcting a transcription of the audio processed by the speech
recognition system. It is also useful to communicate the report for example to the
user on the portable terminal or to another person (such as a supervisor or a
professional services support person) on a management console such as one at a
central computer system. Further, it is useful to identify to the user or other person
(such a supervisor or professional services support person) when a system is having
recognition problems and accordingly instruct the user to take corrective action to fix
the recognition problems. Several such systems and methods are disclosed in
example embodiments disclosed herein.

Model Adaptation for a Speech Recognition System

[00014] The information provided by a performance assessment does not only
provide helpful information to a user or a supervisor, a performance assessment can
be used to improve the adaptation of a speech recognition system. A speech
recognition system can improve its performance over time, as more speech samples
are processed by a system, by improving its acoustic models through training or
other learning or adaptation algorithms. At the same time, it is useful to prevent the
system from adapting in an undesirable way, thereby resulting in a system that
performs worse than it did prior to adaptation or a system that degrades over time.
Adapting models can use significant computational, storage, and/or power resources
to create the adapted models and radio transmission energy to transmit the new

models to a server. Example embodiments of the invention disclosed herein can
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control the adaptation of a speech recognition system to avoid inefficient use of
resources and to avoid adapting away from well-performing models, by controlling or
adjusting adaptation based on a performance assessment of the system.

Brief Description Of The Drawings

[00015]  The accompanying drawings, which are incorporated in and constitute a
part of this specification, illustrate speech recognition system components and
embodiments of the invention and, together with the detailed description of the
embodiments given below, serve to explain the principles of the invention.

[00016] FIG. 1 illustrates a illustrates a view of multiple portable terminals, each
used by a user and each being monitored by a management console, according to
an example embodiment of the invention;

[00017] FIG. 2 illustrates a schematic view of a speech recognition system,
according to an example embodiment of the invention;

[00018] FIG. 3 is a flowchart illustrating a method for assessing and improving the
performance of a speech recognition system, according to an example embodiment
of the invention,

[00019] FIG. 4 illustrates a display on a portable terminal, according to an example
embodiment of the invention;

[00020] FIG. 5 illustrates a display on a management console, according to an
example embodiment of the invention; and

[00021] FIG. 6 is a flowchart illustrating @ method for controlling model adaptation
based on a performance assessment, according to an example embodiment of the
invention;

[00022] FIG. 7 is a flowchart illustrating a method for model adaptation, according

to an example embodiment of the invention; and
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[00023] FIGs. 8-10 are flowcharts illustrating methods for estimating an error rate,
according to example embodiments of the invention.

Detailed Description Of Example Embodiments Of The Invention

Example Embodiments of a Speech Recognition System and a Management

Console

[00024] FIG. 1 illustrates an example embodiment of the invention, for an
inventory or warehouse environment, including multiple portable terminals 115 (each
having processing circuitry and/or software to implement one or more speech
recognition methods disclosed herein) used by users 105 having headsets 120. (In
another example embodiment, the speech recognition system is located in headset
120, eliminating the need for terminal 115.) A user can speak in a spoken language,
through a microphone in the headset 120 and the audio information is converted by
the terminal 115 to a useable digital format to be transferred back to a management
console 125. Terminal 115, using an RF communication card, can communicate
with console 125, through a wireless connection 130, employing for example an
IEEE 802.11 standard. Console 125 has a display for monitoring the speech
recognition systems of the portable terminals 115 by someone such as a supervisor
or a professional services support person. U.S. Patent Application Serial No.
10/671,142, entitled “Apparatus and Method for Detecting User Speech’,
incorporated herein by reference, provides further details for implementing such a
system.

[00025] FIG. 1 illustrates the benefits of communicating one or more performance
assessments of use of speech recognition system(s) by individual or multiple people.
In an example embodiment, terminals 115 include a display so that a user in the

workplace can view an individual performance assessment and if the assessment is
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poor (based on a predetermined standard), view instructions for taking corrective
action. In another example embodiment, terminals 115 (with or without a display)
produce audio responses to the user to report the performance assessment and
instructions for possible corrective action or actions. In another example
embodiment, console 125 networked to terminals 115 provides a location to view
performance assessment(s) of one or more speech recognition systems and user's
use of the systems in the workplace. Yet in another example embodiment, terminals
115 are connected to a larger network (such as an intranet) that includes PCs with
web browsers, so that performances assessments (of use of system by individual or
multiple users) can be viewed at any PC or any terminal 115 connected to the
network. Performance assessments can be aggregated, consoiidafed or otherwise
organized on console 125, at a location other than where the speech recognition
systems and users are located, so that another person {(such as a supervisor of
professional services support person) can evaluate the performance of speech
recognition systems and the users using the systems as whole. In addition, multiple
performance assessments displayed on console 125 allow a supervisor to compare
a particular speech recognition system and user’s use of the system against other
systems and users using the other systems. Applications for example embodiments
of the invention are not strictly limited to the warehouse environment and portable
terminals 115 shown in FiG. 1. Other applications and environments in which
example embodiments may be implemented are described in the BACKGROUND

section of this application.
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Example Embodiments of Assessing and Improving the Performance of a

Speech Recognition System

[00026] The invention presents several approaches for assessing and
improving the performance of a speech recognition system as described herein.
Note that in this description, references to "one embodiment” or "an embodiment”
mean that the feature being referred to is included in at least one embodiment of the
invention. Furthermore, separate references to "one embodiment” in this description
do not necessarily refer to the same embodiment; however, neither are such
embodiments mutually exclusive, uniess so stated and except as will be readily
apparent to those skilled in the art. Thus, the invention can include any variety of
combinations and/or integrations of the embodiments described herein.

[00027] In one approach, a method for assessing a performance of a speech
recognition system includes determining a grade, corresponding to either recognition
of instances of a word or recognition of instances of various words among a set of
words, wherein the grade indicates a level of the performance of the system and the
grade is based on a recognition rate and at least one recognition factor. The
approach may be implemented as an apparatus, including a processor adapted to
determine a grade, corresponding to either recognition of instances of a word or
recognition of instances of various words among a set of words, wherein the grade
indicates a level of the performance of the system and the grade is based on a
recognition rate and at least one recognition factor.

[00028] Yet in another approach, a method for model adaptation for a speech
recognition system may include determining a performance assessment of the
system, corresponding to either recognition of instances of word or recognition of

instances of various words among a set of words. The method may further include
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adjusting an adaptation, of a model for the word or various models for the various
words, based on the performance assessment. The approach may be implemenied
as an apparatus, which may include all or a subset of the following: a processor
adapted to determine a performance assessment of the system, corresponding to
either recognition of instances of word or recognition of instances of various words
among a set of words. The apparatus may further include a controller adapted to
adjust an adaptation of the model for the word or various models for the various
words, based on the performance assessment.

[00029] In another approach, a method for improving performance of a speech
recognition system includes determining a performance of the system,
corresponding to either recognition of instances of a word or recognition of instances
of various words among a set of words, and determining a corrective action based
on the performance, to improve the performance. The method may further include
communicating the corrective action to the user or performing the corrective action.
The approach may be implemented as an apparatus, including a processor adapted
to determine a performance of the system, corresponding to either recognition of
instances of a word or recognition of instances of various words among a set of
words, and adapted to determine a corrective action based on the performance, to
improve the performance. The processor may further be adapted to communicate
the corrective action to the user or to perform the corrective action.

{00030] In yet another approach, a method for assessing a performance of a
speech recognition system inciudes determining a grade, corresponding to either
recognition of instances of a word or recognition of instances of various words
among a set of words, and the grade indicates a level of the performance of the

system and the grade is based on a count of observations with errors or a count of
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correct observations and at least one recognition factor. The approach may be
implemented as an apparatus, including a processor that determines a grade,
corresponding to either recognition of instances of a word or recognition of instances
of various words among a set of words, and the grade indicates a level of the
performance of the system and the grade is based on a count of observations with
errors or a count of correct cbservations and at least one recognition factor.

Example Embodiments of a Speech Recognition System

[00031] FIG. 2 illustrates a schematic view of a speech recognition system,
according to an example embodiment of the invention. One of ordinary skill in the
art will recognize that the various functional blocks of the speech recognition system,
including the inventive features, can be implemented using a variety of technologies
and through various hardware and software configurations. As such, the blocks
shown in FIG. 2 are not meant to indicate separate circuits or to be otherwise
limiting, but rather show the functional features and components of the system.
[00032] Referring to FIG. 2 in system 200, a speech signal, such as from a system
user or from a data storage device, may be captured by a speech input device 202
in a variety of conventional ways. Typically, a microphone or other electro-acoustical
device senses speech input from a user and converts it into an analog voltage signal
203 that then is forwarded to a signal processor 204. Signal processor 204 converts
the analog speech input 203 into a digitized stream of data 205 that can be
separated into separate units for analysis. Alternatively, this audio data from device
202 can be retrieved from a data storage device. Signal processor 204 also
generates a speech-to-noise ratio value. In particular, the signal processor 204
divides the digital stream of data that is created into a sequence of time-slices, or

frames 205, each of which is then processed by a feature generator 206, thereby
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producing features (vector, matrix, or otherwise organized set of numbers
representing the acoustic features of the frames) 207. In an example embodiment,
Linear Predictive Coding (LPC) coefficients are used to represent speech (as
discussed in U.S. Patent No. 4,882,757, entitled “Speech Recognition System”,
incorporated herein by reference). However, other functionally equivalent methods
are contemplated within the scope of the invention as well.

[00033] A speech recognition search algorithm function 208, realized by an
appropriate circuit and/or software in the system 200 analyzes the features 207,
using probabilistic models provided through 222 from a library of suitable modeis
210, in an attempt to determine what hypothesis to assign to the speech input
captured by input device 202.

[00034] When in operation, the search algorithm 208 compares the features 207
generated in the generator 206 With reference representations of speech, or speech
models, in library 210 in order to determine the word or words that best match the
speech input from device 202. Part of this recognition process is to assign a
confidence factor for the speech to indicate how closely the sequence of features
207 used in the search algorithm 208 matches the closest or best-matching models
in library 210. As such, a hypothesis consisting of one or more vocabulary items
and associated confidence factors 211 is directed to an acceptance algorithm 212.
If the confidence factor is above a predetermined acceptance threshold, then the
acceptance algorithm 212 makes a decision 218 to accept the hypothesis as
recognized speech. If however, the confidence factor is not above the acceptance
threshold, algorithm 212 makes a decision 218 to ignore or reject the recognized

speech or prompts the user to repeat the speech to input device 202.
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Example Embodiments of a Performance Assessment Module

[00035] Performance assessment module 224 (which may be implemented in a
processor) determines or estimates a performance assessment. The performance
assessment may be a recognition rate, a grade, or any other type of performance
assessment of the speech recognition system.

[00036] A recognition rate may be an error rate, which can be defined as the
percentage or ratio of observations with speech recognition errors over the number
of observations of the system and the error rate can be determined over a window of
time (e.g. predetermined length of time) and/or data (e.g. predetermined number of
utterances input to the system). An observation can be defined as any speech unit
by which speech recognition may be measured. An observation may be a syllable, a
phoneme, a single word or multiple words (such as in a phrase, utterance or
sentence). When counting the number of observations of the system, the
observations input to the system may be counted or the observations output by the
system may be counted. For example, the recognition rate can be a word error rate,
the percentage or ratio of speech recognition errors over the number of words input
into the system. The recognition rate may also be an accuracy rate, which can be
defined as the percentage or ratio of correct observations by the system over the
number of observations of the system, and the accuracy rate can be determined
over a window of time {e.g. predetermined length of time} and/or data {(e.g.
predetermined number of utterances input to the system). (An utterance is a spoken
phrase of at least one word such as "1’ or “1-2-3".). The recognition rate may be a
count of observations with errors divided by a length of time, a count of correct
observations divided by a length of time, a count of observations with errors divided

by a number of transactions, a count of correct observations divided by a number of
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transactions, a count of observations with errors after an event has occurred (such
as apparatus being powered on or a user starting a task), or a count of correct
observations after an event has occurred. Therefore, a recognition rate can be an
error rate, an accuracy rate, a rate based upon the identification or counting of
observations with errors or correct observations, or other type of recognition rate
known to those skilled in the art. Furthermore, the recognition rate can be
determined or estimated in the following ways: per user; over a number of users,
per word; over for a set of words; or per a group of consecutively spoken words,
such as an utterance, phrase or sentence. Furthermore, recognition rate
determined by module 224 can be based on actual errors, correct observations and
observations as determined from comparing the system’s hypothesis to the
reference transcript or based on estimates of these deemed to have occurred after
evaluating system and user behavior, as discussed later in this application.
Therefore, the recognition rate determination can be a recognition rate estimation.
inputs to module 224 needed to calculate a recognition rate are those needed for a
recognition rate calculation used for a particular application. In an example
embodiment, inputs include a hypothesis and confidence factor 211 with its
associated timing information and expected response 214. (U.S. Patent Application
Serial No. 11/051,825, and the BACKGROUND section of this present application
describes scenarios in which an expected response from a user is processed by a
speech recognition system.)

[00037] The performance assessment by the performance assessment module
224 may also be a grade, which can be defined as an assessment of the
performance of the speech recognition system when used by a particular user.

Inputs to module 224 needed to determine or estimate the grade depend on the
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particular application in which the system is being used. In an example

embodiment, inputs include a speech-to-noise ratio 219 and the number of words in
an utterance input to the speech recognition system.

Example Embodiments of a Performance Report Generator

[00038] Performance assessment module 224 outputs performance assessments
223 to performance report generator 225. Performance report generator 225
outputs a report of the performance assessment and suggestions to a user for
improving the performance of the speech recognition system.

Example Embodiments of a Model Adaptation and Contro! Module

[00039] In an example embodiment, performance assessment module 224 also
outputs performance assessments 223 to model adaptation and control module 217.
Mode! adaptation and control module 217 (which may be implemented as a
hardware or software controller or control mechanism) controls or adjusts the
adaptation of models. Inputs to module 217 are those need to for the particular
control of model adaptation desired for a particular application. In an example
embodiment, inputs are a hypothesis 211 and features 207. Module 217 determines
when to adapt a certain model or models (including when to adapt or withhold
adaptation) and which utterances to use to adapt the models. Furthermore, moc;uie
217 adapts models by using the transcription (generated by the speech recognition
system) of the utterance and the features 207 observed by the recognition system
corresponding to the utterance. In controlling or adjusting adaptation, module 217,
determines the criteria to be met before adaptation is ordered. Furthermore, once
adaptation is to proceed, module 217 may determine whether the existing models

are replaced with new models created with the new features only or whether the
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existing models are just adapted using information from both the new features and
the existing features of the existing models. Module 217 outputs adapted models
221 to the library 210 of models.

[00040] In an example embodiment, model adaptation and control module 217
uses the performance assessments 223 from performance assessment module 224
to control model adaptation of models. By controlling adaptation, the speech
recognition system prevents adaptation from causing recognition accuracy 1o get
worse when it's at an acceptable level and avoids inefficient use of computational,
storage and/or power resources.

[00041] FIGs. 3, 6-10 are flow charts illustrating methods according to example
embodiments of the invention. The techniques illustrated in these flow charts may
be performed sequentially, in parallel or in an order other than that which is
described. It should be appreciated that not all of the techniques described are
required to be performed, that additional techniques may be added, and that some
of the illustrated techniques may be substituted with other techniques.

Example Embodiments of Performance Assessment and Report Generation

[00042] FIG. 3 is a flowchart illustrating a method for assessing and improving the
performance of a speech recognition system for the recognition of a word, according
to example embodiments of the invention. It can be understood that this method
can also be used to assess the performance of multiple systems and/or for
recognition of at least a subset of the words in a vocabulary of a system (such as
recognition of the digits in the vocabulary). The method can be performed by a
performance assessment module (such as 224 of FIG. 2) and a performance report

generator (such as 225 of FIG. 2).
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[00043] At 310, a recognition rate is determined. In an example embodiment, the
recognition rate is an error rate. In another example embodiment, the recognition
rate is an accuracy rate. Furthermore in example embodiments, the recognition rate
can be determined or estimated or in the following ways: over a window of time;
over a window of data observed by the system; per user; aver a number of users;
per word; over for a set of words; or per a group of consecutively spoken words,
such as an utterance, phrase or sentence. In the following discussion, the
recognition rate corresponds to recognition of instances of a single word (such as
the digit '1). In other example embodiments, the recognition rate may be a
combined recognition rate, corresponding to recognition of the instances of various
words (such as the words ‘1", ‘2" and '3’, for all digits, or for all words in the
vocabulary of the system).

[00044] At 315, a score is calculated for recognition of the word. In this example
embodiment, an error rate is used for the recognition rate and the score is calculated
using the equation:

score = ( 100 — 500 *errorrate ) +5* ( 2 - uttlen ) + (25 — SNR )
(1

where,
uttlen is an average number of words in a multi-word utterance, and
SNR is an average speech-to-noise ratio during the multi-word
utterances (which is limited to the range of 21-28 dB in an example
embodiment}.

{00045] In another example embodiment, an accuracy rate is used for the

recognition rate and the score is calculated using the equation:

score = ( 100 — 500 * (1 — accuracy rate)) + 5 * ( 2 - uttlen ) + (25 -
SNR ) (2)
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where,
uttlen is an average number of words in a multi-word utterance, and
SNR is an average speech-to-noise ratio during the multi-word utterances
(which is limited to the range of 21-28 dB in an example embodiment).
[00046] In other example embodiments, other types of recognition rates can be
used, such as a recognition rate based on a count of observations with errors or
observations. An example embodiment score calculation considers one or more of
the following recognition factors: recognition rate, error rate, accuracy rate, the
average number of words in a multi-word utterance (uttlen), the speech-to-noise
ratio (SNR) and any other recognition factors as would be known to those skilled in
the art. One reasoning behind considering the number of words in a multi-word
utterance is that the recognition rate can depend on the number of words in an
utterance. For example, a recognition rate that is an utterance error rate typically
increases with the number of words in an ufterance and a recognition rate that is an
utterance accuracy rate typically decreases with the number of words in an
utterance. One reasoning behind considering the speech-to-noise ratio is that
recognition errors typically increase in a high-noise environment and so the
calculation allows the score to be adjusted in view of this. | Other example
embodiment score calculations can consider other recognition factors such as a
background noise level, the number of words in the vocabulary of a speech
recognition system, perplexity, grammar complexity or confusability, or any other
measure of difficulty of performing a speech recognition task.

At 320, a grade is assigned to the score as follows:

A 90 <= score (3)

80 <= score < 90

B
C 70 <= score < 80
D score <70

21



WO 2007/118029 PCT/US2007/065615
where the grades are associated with a performance measurement of the

speech recognition system:

Grade Description

A Excellent performance

B Good performance where there may be a slight chance
for improvement

c Passable performance where there is a good chance for
improvement

D Poor performance with a strong need for improvement

[00047] In other example embodiments, the grades are not letters, but are other
indications of a rating, such as numbers {e.g. ‘1", ‘2", ‘3’ and ‘4’), symbols (such as
'@, ‘@', ‘@ and ‘11II'), colors or bars. Examples of calculated scores and assigned

grades using (1) and (3) respectively are shown in Table 1:

Table 1
error rate utlen SNR Score Grade
2% 3 20 a0 A
2% 3 25 85 B
2% 2 28 87 B
3% 2 20 89 B
4% 3 25 75 C
6% 2 25 70 C
6% 3 25 65 D

[00048] Examples of calculated scores and assigned grades using (2} and (3)

respectively are shown in Table 2:

Table 2
accuracy rate uttlen SNR_ Score Grade
98% 3 20 90 A
98% 3 25 85 B
98% 2 28 87 B
97% 2 20 89 B
96% 3 25 75 C
94% 2 25 70 C
94% 3 25 85 D
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[00049] Other example embodiment grade calculations can consider other
recognition factors such as those identified above for the score calculation, and a
measure or measures of performance of a system or systems used by one or more
users.

[00050] In an example embodiment, at 325 the system automatically generates
corrective action suggestions (if any) for the uiser, based on one or more scores or
grades. The system can generate the suggestions for example by using a
nredefined standard, table, formula or algorithm that considers the score and/or
grade and other factors (such as the recognition factor, an environmental factor or
corresponding scores and/or performance assessments for systems used by other
users in a similar environment) to yield a suggested corrective action. For example,
if the grade for a word is less than the grades for recognition of words of systems
used by other users in a similar environment, the generated corrective action
suggestion couid be to instruct the user that he or she should perform an action that
causes the model or set of models {for the word or words associated with the low
grade) to be modified. The user may retrain, adapt, or otherwise modify the model
to improve performance. Other examples of corrective actions include instructing
the user to: wait untii the system is done speaking before starting to speak, replace
a microphone, speak louder, adjust the position of the microphone relative to the
user's mouth, move o an that is quieter than the current environment, and/or
replace ar remove the windscreen from the microphone.

[00051] In another example embodimeni, 325 is not performed and instead, upon
receiving score and/or grade information for a user or multiple users, a supervisoer or

professional services support person considers the information and other factors
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(such as environmental factors or corresponding scores and/or grades for systems
used by other users in a similar environment) to personally provide a suggested
corrective action to a user or users.

[00052] At 330, a report of the performance assessment of the system is
generated. An example report for a user, showing grades for the particular user and
the number of times each word has been observed, “count’, is as follows:

Individual Report for User 1

Count Grade
160
196
208
228
178
206
179
172
179
163

Q
=
o

WENOORWN OIS
>PWr>rO0rrrrr

Recommended corrective action: Retrain Word 5

In this example, grades were calculated and reported for each of the words
‘0,1, 2,8, 4,5, '8, T, '8, and ‘9 for the user, “User 1. Also reported is
an automatically generated suggested corrective action to this user to

“Retrain Word 5.
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[00053] An example report for a supervisor, showing grades for multiple users is
as follows:

Supervisory Report - All Users

User 1User 1User 2User 2

Word Count Grade Count Grade
0 160 A 170 A
1 196 A 201 B
2 208 A 176 A
3 228 A 188 A
4 178 A 180 B
5 206 D 221 A
6 179 A 164 A
7 172 A 163 A
8 179 B 191 A
9 163 A 166 A

Recommended corrective actions:
User 1: Retrain Word 5
User 2: None

The systems used by the multipie users may be similar systems and/or may

be operated in similar environments. In this example, grades were calculated

and reported for each of the words ‘0', *1°, '2’,'3’, ‘4, ‘5", ‘6", ‘7", '8’, and ‘9’ for

the users “User 1" and “User 2". Also reported is an automatically generated
suggested corrective action for User 1 to “Retrain Word 5" and no corrective

action is suggested for User 2.

[00054] At 335, the report is displayed. FIG. 4 illustrates portable terminal 400,
having an example embodiment display 410 showing grades for recognition of
various words by a speech recognition system used by a particular user. FIG. 5
illustrates a management console 500, having an example embodiment display 510
showing grades for recognition of various words by systems used by multiple users.
In an example embodiment, either a computer station or a portable terminal displays
either type of report. In another example embodiment, a display like 510 is shown

on a web browser of a PC that is connected to a larger network (such as an intranet)
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in which various user’'s speech recognition systems are networked, so that
performances assessments of the various systems can be viewed at the PC.
[00055] At 340, corrective action can be automatically initiated or the user can be
instructed to take corrective action. An example of automated initiation of corrective
action is the initiation of a retraining session, upon the calculation of a poor grade for
the recognition of a particular word. Alternatively, a user can be instructed to take
corrective action through an alert mechanism of the portable terminal or through a
supervisor or professional services support person. Example alert mechanisms of
the portable terminal are physical, visual or sound indicators such as a light on the
portable terminal (such as 405 in FIG. 4), a vibrating portable terminal, a displayed
message, or a spoken instruction from the portable terminal.

[00056] In an example embodiment, the above-described method is performed in
real-time, as the system is being used by a user (and other systems used by other
users). In another example embodiment, the above described method is performed
after the system is used by a user, using log data of the system and user’s activities.

Example Embodiment Methods for Controlling Model Adaptation

[00057] FIG. 6 is a flow chart illustrating a method 600 for controlling or adjusting
model adaptation, according to an example embodiment of the invention. it can be
executed by components of a speech recognition system, such as the modules
illustrated in FIG. 2. At 605, input speech is received by the speech recognition
system. At 610, initial speech processing is performed (such as processing of the
input speech performed by the signal processor 204, feature generator 206 and
speech recognition search algorithm 208 of FIG. 2) for at least one word. At615a
performance assessment, corresponding to either recognition of instances of a

word or for recognition of the instances of various words is determined (by for
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example performance assessment module 224 of FIG. 2). For example, the
performance assessment can be based on recognition errors for the word ‘1°, for the
words “1°, '2" and ‘3’, for all digits, or for all words in the vocabulary of the system.
Furthermore, the performance assessment can be updated based on instances
previously and currently input to the system. At 620, a determination is made
whether to adapt (by for example the model adaptation control module 217 of HG.
2) a model for the word or various models for the various words, based on the
performance assessment. For example, a determination can be made to adapt the
model for the word ‘1" based on a performance assessment for the word '1", In
another example, a determination can be made to adapt all words that are digits,
based on a combined performance assessment for all of the digits. If it was
determined that the model(s) should not be adapied, next is 605. if the model(s}
should be adapted, it is adapted in 625. After 625 is executed, control returns to
605. Model adaptation in 625 can be performed in the background with control
returning to 605 immediately. In other words, the speech recognition system can
continue 1o receive and process speech while the models are being adapted.
[00058] In an example embodiment, a performance assessment is compared to a
performance assessment threshold to control model adaptation. In other words, an
example embodiment makes a comparison of a performance assessmentto a
performance assessment threshold and adapts at least one model or withholds
adapting the model based on the comparison. For example, if the assessment
threshold is ‘C’, and an assessment is ‘'D’, a model associated with the assessment

is determined to be adapted (by for example model adaptation and control module
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217 of FIG. 2. One reason behind the decision to adapt is that if the assessment is
below a particular assessment threshold, the speech recognition system is not
performing well and accordingly, model adaptation should be performed.

[00059] In example embodiments of the invention, the performance assessment
threshold can be a predetermined value, settable by a user, a dynamic value, or it
can be adjusted upwardly or downwardly. Moreover, the assessment threshold can
be based on factors that affect the achievable performance level of the speech
recognition system and those that determine an acceptable performance level for
the application in which the system is used. Furthermore, the assessment threshold
can be based on a performance assessment of a set of users of like systems, a
number of words in an utterance input to the speech recognition system, based on
environmental factors (such as background noise level, speech-to-noise ratio, or a
measurement of the user’s speech level), based on the perplexity of the grammar of
a speech recognition system, based on the confusability of the words in the
vocabulary or based on a number of words in the vocabulary of a speech recognition
system.

Example Embodiments for Model Adaptation

[00060] FIG. 7 is a flow chart illustrating @ method 700 for mode! adaptation,
according to an example embodiment of the invention. It can be executed by a
component of a speech recognition system, such as the model adaptation and
control module 217 of FIG. 2, after a decision has been made to adapt. At710, the
features observed by a speech recognition system corresponding to an input
utterance are aligned with the states in the models for the words of the utterance (by
for example using the Baum-Welch re-estimation algorithm}. At 715, the statistics

(for example, means and variances) of the states are updated using the values of
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the features. At 720, these values are mixed into the models with an appropriate
weighting to maintain an appropriate balance between previous training data and
new features. Thus, in an example embodiment, new models are created by using
the observed features of an input utterance and the existing features of the original
models, and the statistics associated with each, are used to create the new models.
Additionally, new statistics might be weighted in various fashions to tailor their effect
on the original statistics in the model. In an alternative example embodiment, only
the new observed features, and information therefrom, are utilized to create the new
model. Furthermore, the adaptation could be performed using data from a single
user or multiple users. For example, only speech data from an individual user might
be used to perform the adaptation, generating a model that is adapted and performs
well for that user.

Example Embodiments of Error Rates

[00061] There are various example embodiments for determining or estimating the
occurrences of possible (or potential or suspected) errors made by a speech
recognition system and an error rate (which can be performed by the performance
assessment module 224 of FIG. 2 and at 310 of FIG. 3). The error rate can be
based on any one or combination of the various speech recognition errors discussed
in this present application, such as those in the BACKGROUND section of this
present application and those discussed below. For example, the error rate can be
the ratio of insertion errors over words input to the system. Or for example, the error
rate can be the ratio of insertion, substitution and deletion errors over the words
input to the system. Or for example, the error rate can be the combination of the low
confidence rate and the substitution rates discussed below. The example

embodiment error rates discussed below are based on estimated errors, which are
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deemed to have occurred based on evaluating system behavior, the expected
response and/or user behavior. Thus, these estimated error rates provide an
advantage of not requiring a reference transcript of words input to the system and
comparison of the system’s hypotheses corresponding to the words input to the
system.

Low Confidence Rate

[00062] In an example embodiment of the invention, an identification or count of
occurrences of possible errors made by a speech recognition system called low
confidence recognitions, can be used fo determine an estimate of a low confidence
rate or an estimate of an error rate. FIG. 8 is a flow chart illustrating a method 800
for identifying errors, which can be executed by components of a speech recognition
system, such as the performance assessment module 224 of FIG. 2. The low
confidence rate is the rate at which a word is recognized with a confidence factor
within a certain range corresponding to low confidence that the system recognized
the word correctly. In other words, the low confidence rate is the frequency at which
a word was recognized by the speech recognition system with a confidence factor
that is relatively low depending on the recognizer and application in which the
speech recognition system is used. Note that a low confidence rate does not
necessarily measure errors by the speech recognition system, but the low
confidence rate (or a fraction of its value) can be used in addition to or in place of
error rate estimates where error rates (or error rate estimates) are used.

[00063] In FIG. 8, at 805, the confidence factor for a hypothesized word is
determined. (This confidence factor can be generated by search algorithm 208 of
FIG. 2 and supplied to the performance assessment module 224 of FIG. 2.) At 810,

the confidence factor is compared with a range of values corresponding to low
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confidence that the system recognized the word correctly for the application in which
the system is used. If at 810 it is determined that the confidence factor is outside of
the low confidence range, control is returned to 805. If it is determined at 810 that
the confidence factor is within the low confidence range, the error count is
incremented at 815. After 815, control returns to 805. The error count in 815 may
then be combined with counts of other error types to generate an error rate.

[00064] An example embodiment, which uses a low confidence rate, also
considers when a word is from a hypothesis generated by the system that matches
an expected response in counting errors for an error rate estimation. (U.S. Patent
Application Serial No. 11/051,825, and the BACKGRbUND section of this present
application describes scenarios in which an expected response from a user is
processed by a speech recognition system. An expected response can be defined
as a response that the system expects to receive from the user, as a result of the
application in which the system is used). In an example embodiment in the
referenced patent application, a matching algorithm of the system normally requires
that the system’s hypothesis is accepted only if a confidence factor for the
hypothesis exceeds an acceptance threshold. However, when the system’s most
likely hypothesis matches an expected response, the hypothesis is more favorably
treated so that the hypothesis may be accepted by the system. The reasoning
behind the favorable treatment despite the relatively low confidence factor is that a
hypothesis matching an expected response usually indicates a high probability of
correct recognition.

[00065] Turning back to the example embodiment of the invention, in which the
error rate is a low confidence rate, responses that match the expected response and

have a relatively low confidence factor for the application in which the system is
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used are counted as errors for an error rate estimation. Although a recognition error
may not have actuaily occurred (because the system’s hypothesis was correctly
accepted due fo the hypothesis matching the expected response as described in
referenced U.S. Patent Application Serial No, 11/051,825), in this example
embodiment, a word with a relatively low confidence is counted as an error for an
error rate estimation due to the relatively low confidence factor. The range of
confidence factors for which a word is counted as a low confidence could be, for
example, between the adjusted acceptance threshold and the original, unadjusted
acceptance threshold. More generally, the confidence factor thresholds or range for
the counting low confidence errors do not need to match the acceptance threshold
and adjusted acceptance threshold in the referenced patent application. The range
could be between two other thresholds, including a high confidence threshold, which
is higher than the acceptance threshold and indicates the

boundary between low and high confidence. In this example embodiment, the range
of confidence factors used for the low confidence rate is determined based on the
application in which the speech recognition system is used.

Substitution Rate

[00066] In an example embodiment of the invention, an identification or count of
occurrences of possible substitution errors made by a speech recognition system
can be used to determine an estimate of a substitution error rate or an estimate of
an error rate. The substitution rate is the rate at which substitution errors (such as
the substitution errors defined in the BACKGROUND section of this present
application) are made by a system. In an example embodiment, a hypothesis
generated by the speech recognition system is compared to an expected response

and a substitution error occurs if the system replaces a word in the expected
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response with a word an incorrect word in the hypothesis. For example, if the
system recognizes “1-5-3" and the expected response is “1-2-3", a substitution error
is counted because it is deemed that the system made one substitution: substituting
the ‘5" for the ‘2. In other words, if the hypothesis and the expected response do not
match word-for-word, but do mostly match, (i.e. the hypothesis and the expected
response match except for a predetermined number of words), it is a reasonable
conclusion that a word substitution error has occurred. (The predetermined number
of words depends upon the application. For example, an application that uses
three-word hypotheses or utterances may define “mostly match” as matching word-
for-word except for one word. An application that uses five-word hypotheses or
utterances may define “mostly match” as matching word-for-word except for two
words.)

Repeated Utterances

[000687] Yetin other example embodiments, the error rate is based on a
recognition error made by the speech recognition system that is identified after
comparing the speech recognition system’s deciéion on its hypothesis of at least two
consecutive or proximate utterances. The decision can occur after the speech
recognition system has processed the incoming utterances (such as at 218 of FIG.
2, after the acceptance algorithm in 212 of FIG. 2 is executed). The recognition
error can be, for example, to reject the system’s hypothesis of an incoming
utterance, after which the user repeats the utterance, in response to the system’s
response or lack of one. Or for example, the recognition error can be to substitute a
word that speech recognition system is unable to recognize, with another word or
“garbage” word, in the speech recognition system output. FIGs. 8-10 iliustrate

example embodiment methods to estimate these types of error rates.
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Reject and Repeat

[00068] FIG. 9is a flow chart illustrating a method 900 of an example embodiment
error rate for identifying possible occurrences of errors made by a speech
recognition system. The count of the possible occurrences of errors can be used to
determine an estimate of an error rate. Method 900 can be executed by a
component of a speech recognition system, such as error rate calculation module
210 of FIG. 2. In this embodiment, the determination of whether the speech
recognition system made an error is made when the speech recognition system
receives at least two consecutive or proximate utterances. The system behavior and
user behavior is as follows: the system rejects its hypothesis of the first utterance;
the user repeats the first utterance in the second utterance; and the system accepts
its hypothesis of the second utterance. The first and second hypotheses generated
by the system substantially match. In other words, the hypotheses match word-for-
word but a hypothesis may or may not also include a recognized model that is
considered to be negligible for this particular error determination. For example, a
hypothesis could include a recognized model indicating a user’s breath or sigh and
these recognized models may or may not be considered negligible for this particular
error determination. (The determination of whether a recognized mode! is negligible
depends upon the particular speech recognition system and the application in which
it is used.) An example is as follows: a user speaks a first utterance “1-2-3", the
system correctly recognizes it (i.e. generates a hypothesis of “1-2-3") but rejects its
hypothesis because of a low confidence factor; the user repeats “1-2-3” in a second
utterance and the system correctly recognizes it (i.e. generates a hypothesis of “1-2-
3") and accepts its hypothesis. A rationale behind this type of error detection

mechanism is that the user repeats himself/herself because the system did not
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recognize the first utterance. Since the system accepts its hypothesis of the second
utterance, one could reasonably assume that the system should have accepted its
hypothesis of the first utterance and that it erred in not doing so. This heuristic can
alternatively require that the two utterances are spoken within a predetermined
amount of time of each other, or further refined by also requiring that utterances are
spoken consecutively.

[00069] InFIG. 8, at 905, decisions made by a speech recognition system (such
as at 218 of FIG. 2) on a first and second utterance are received for processing by a
performance assessment module (such as 224 of FIG. 2). At 910, verifications are
performed. These verifications can include one or more of the following conditions:
verifying that system'’s hypotheses of those utterances contain multiple words;
verifying that the system’s hypothesis of the second utterance contains all accepted
words; verifying that there was at least one rejected word in the system’s hypothesis
for the first utterance; verifying that the hypotheses match the expected response (if
there is one). At 915, if the verifications pass, next is 920. Otherwise, control
returns to 905. At 920, the words in the first and second hypotheses are compared
word-for-word to find if they match. For example, if the first hypothesis is "one-two-
three” and the second hypothesis is “one-three-three”, there is a mismatch. if the
hypotheses match word-for-word, there is a high probability that an incorrect
rejection error has occurred, with the reasoning that the user repeated himself and
the speech recognizer recognized the second utterance correctly. If the hypotheses
match word-for-word, next is 925. Otherwise, control returns to 905. At 925, the
error count is incremented and then control returns to 905. The error count in 925
may then be combined with counts of other error types to generate an overall error

rate.
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Supstituie and Repeat

[00070] FIG. 10 is a flow chart illustrating a method 1000 of an example
embodiment for identifying possible occurrences of errors made by a speech
recognition system. The count of the possible occurrences of errors can be used to
determine an estimate of an error rate or an estimate for part of an error rate.
Method 1000 can be executed by a component of a speech recognition system,
such as error rate module 210 of FIG. 2. In this embodiment, determination of
whether the speech recognition system made an error is made when the speech
recognition system receives at least two consecutive or proximate ulterances and
the system substitutes a word in its hypothesis of the first utterance and recognizes
and accepts all of the words in its hypothesis of the second utierance. An example
is as follows: a user speaks a first utterance “1-2-3"; the system misrecognizes it
{e.g. generates a hypothesis “1-5-3") and accepts its hypothesis; the user repeats
“1-2-3" in a second utterance within a proximity of the first utterance; the system
correctly recognizes it (i.e. generates a hypothesis “1-2-3") and accepts its
hypothesis. A rationaie behind this method of detecting errors is that if the two
utterances are spoken cornsecutive%y or within a proximity of each other, and if the
system accepts its hypothesis of the second utterance, then the system likely made
a substitution in its hypothesis of the first utterance. There are heuristics that may
be used to guard against the system considering consecutive or proximate
recognitions differing by a single word as containing a substitution error when in fact
they do not. The heuristics include checking for one or more of the following possible
conditions: there were no intervening utterances that indicate that the first utterance
was correctly recognized by the system; the two utterances being compared

represent the same piece of information being entered into the sysiem, for exampie,
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the two utterances being compared occurred at the same position in the dialogue
between the user and the recognition system or in response to the same prompt; the
two utterances were spoken within a predetermined amount of time or, in other
words, the time between the two utterances being compared was short enough to
suggest that the user was repeating the initial utterance.

[00071] In FIG. 10, at 1005, decisions made by a speech recognition system (such
as at 218 of FIG. 2) on a first and second utlerance are received for processing by a
performance assessment module (such as 224 of FIG. 2). At 1010, verifications are
performed. These verifications Empfove the accuracy of the estimate of the
substitution error rate and can include one or more of the following: verifying that
the utterances were spoken consecutively or within a proximity of each other,
verifying that the system’s hypotheses of the utterances contain multiple words ;
verifying that the system’s hypotheses of the utterances contain all accepted words;
verifying that the user was prompted for the same information by the system both
times; verifying that the first hypothesis does not maich the expected response (if
there is one); verifying that the second hypothesis does match the expected
response (if there is one); and checking for a condition indicating a substitution error
occurred {such as those described above). At 1015, the words in the system's
hypotheses of the first and second utterances are compared word-for-word to see if
they match. If the hypotheses do not match word-for-word, next is 1020. Otherwise,
control returns to 1005. At 1020, if the verifications pass, next is 1025. Otherwise,
control returns to 1005. At 1025, the words in system’s hypotheses of the first and
second utterances are compared word-for-word to find how closely they match. For
example, if the first hypothesis is “1-2-3” and the second hypothesis is “1-5-3", there

is a mismatch of one word. In this case, the '8’ was subsfituted for the '2". if the
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hypotheses do not match word-for-word but do mostly match, (e.g. the hypotheses
match except for one word), it is a reasonable conclusion that a word substitution
error has occurred, with the reasoning that the system performed verifications such
as checking for at least one condition indicating a substitution error occurred, the
user repeated the same utterance, the system recognized the second utterance
correctly, and the system incorrectly substituted in its hypotheses of the first
utterance. (The definition of “mostly match” depends upon the application. For
example, an application that uses five-word hypotheses or utterances may define
“mostly match” as matching word-for-word except for two words.) if the hypotheses
mostly match word-for-word, next is 1030 where the error count is incremented
followed by control returning to 1005. The error count in 1030 may then be
combined with counts of other error types to generate an overall error rate.

[00072] The same approach as in the previous paragraph can be used to identify
deletion due to garbage errors where a content word is recognized as garbage in a
first utterance, then correctly recognized in the next utterance. By comparing the
recognition results of the two utterances and using verifications such as those
described above, one can detect the error. For example, if the system’s hypothesis
of the first utterance is “1-GARBAGE-3" and the system’s hypothesis of the second
utterance is “1-5-3”, there is a mismatch of one word, and it becomes a reasonable
assumption that the speech recognition system made an error in its hypothesis of
the first utterance. Again, similar verifications as described above may be used to
guard against the system considering a correct observation to be in error.

[00073] The same approach as described above in the discussion of FIG. 10 can
also be used to detect other types of errors, such as a deletion due to rejected

substitution error. An example of a deletion due fo rejected substitution error is as
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follows. A user speaks a first utterance “1-5-3" and the system generates a
hypothesis “1-2-3", but the system rejects the ‘2’ in its hypothesis. The user repeats
himself/herself in a second utterance "1-5-3” within a proximity of the first utterance
and the system recognizes it (i.e. generates a hypothesis “1-5-3") and the system
accepts its hypothesis. When the system recognized and rejected the 2" in its
hypothesis of the first utterance, the system made a deletion due to rejected
substitution error. The method for detecting this type of error is similar to that
described in the discussion of FIG. 10, with the difference that the system’s
hypothesis of the.ﬁrst utterance does not need to contain all accepted words.

Correction Rate

[00074] In an example embodiment error rate for a speech recognition system, a
correction rate at which a user provides feedback to the system can be used as an
estimate of an error rate or an estimate for part of an error rate. The reasoning
behind using a correction rate to estimate an error rate or estimate part of an error
rate is that when a correction is commanded to the system, it may indicate that an
error occurred. Examples of user feedback are described in the BACKGROUND
section of this present application. The correction rate can include the rate at which
the user indicates that the system made a mistake. Furthermore, the user may
provide feedback in response to the system requesting feedback, such as asking the
user to confirm a hypothesis generated by the system or asking the user to identify
what word was spoken by the user. The feedback may include a word indicating
aggravation by the user or the feedback may be a correction command to the

system, such as "back-up” or “erase”.
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Recognition Rate Considerations

[00075] In determining or estimating the recognition rate (error rate, accuracy rate
or other type of recognition rate), considerations can be made for the amount of time
and data needed to determine or estimate a recognition rate that is useful for the
application in which the speech recognition system is used. One example
consideration is that the recognition rate is determined or estimated for speech input
to the speech recognition system over a predetermined period of time. Another
example consideration is that the recognition rate is determined or estimated for
speech input to the speech recognition system over a predetermined number of
utterances, words, or hypotheses.

[00076] Another example consideration is that the recognition rate is determined
or estimated from hypotheses of utterances collected over a moving or sliding
window or a collection period that is dynamic in period of time and/or size of data.
As a result, the recognition rate is determined or estimated over a period when
useful data has been collected. For example, a moving or sliding window can cover
a collection of data taken from equal periods in noisy environment and a quiet
environment to offset any favoring by the speech recognition system in one of those
environments. Other examples of moving, sliding windows are those that collect
data only during recent use {e.g. the last half-hour) of the speech recognition
system, collecting data for time spent by a particular user (e.g. since the user started
using the system), or collecting a certain amount of data regardless of the time spent
collecting the data (e.g. the last one-hundred hypotheses).

[00077] 1t can be understood by those skilled in the art that in other example
embodiments of the invention, other recognition rates can be used in place of a word

recognition rate, such as a syllable recognition rate, a phoneme recognition rate, a
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phrase recognition rate, an utterance recognition rate, and a sentence recognition
rate. For example, an utterance recognition rate can be defined as the percentage
or ratio of either correctly recognized utterances or utterances with errors made by a
system over the number of utterances input to the system.

[00078] In addition, it will be evident to one skilled in the art that the various
methods to identify possible errors or correct observations can process the same
hypdtheses, but safeguards must be taken to avoid double counting, as some
possible errors or correct observations may be counted by more than one method.
[00079] The invention, in its various example embodiments, may be implemented
directly in the software of a speech recognition system. That is, the improvements
are actually part of the speech recognition system. Alternatively, the invention does
not have to be built into the speech recognition system. Rather, the invention or
parts of the invention may be implemented in a separate program or application,
which may be utilized by a speech recognition system to provide the benefits of the
invention. In other words, separate applications or software modules may be utilized
to handle any of the steps in FIG. 3 in accordance with the principles of the
invention. For example, an application may interface with a speech recognition
system to determine a performance assessment and/or control when and how
models are adapted.

[00080] In the foregoing description, the invention is described with reference to
specific example embodiments thereof. The specification and drawings are
accordingly to be regarded in an illustrative rather than in a restrictive sense and it is
not the intention of the applicants to restrict or in any way limit the scope of the
appended claims to such detail. it will, however, be evident to those skilled in the art

that additional advantages and modifications can be made, in a computier program
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product or software, hardware or any combination thereof, without departing from
the broader spirit and scope of the invention will readily appear. Software
embodiments may include an article of manufacture on a machine accessible or
machine readable medium having instructions. Furthermore, software embodiments
may be distributed or downloaded via a network or email. The instructions on the
machine accessible or machine readable medium may be used to program a
computer system such as for example, a PC, cell phone, industrial mobile computer,
PDA, electronic headset or other electronic device to perform the methods described
herein. The machine-readable medium may include, but is not limited to, non-
volatile memory, floppy diskettes, optical disks, CD-ROMs, and magneto-optical
disks or other type of media/machine-readable medium suitable for storing or
transmitting electronic instructions. Furthermore, departures may be made from the
application in which the invention is described without departing from the spirit and
scope of the invention. For example, the example speech recognition system
described herein has focused on wearable terminals. However, the principles of the
invention are applicable to other speech recognition environments as well.

CLAIMS

What is claimed is:
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1. A method for assessing a performance of a speech recognition
system, comprising:

determining a grade, corresponding to either recognition of instances
of a word or recognition of instances of various words among a set of words,
wherein the grade indicates a level of the performance of the system and the
grade is based on a recognition rate and at least one recognition factor.
2. The method of Claim 1, wherein the grade is a letter, score, number,
color, bar having a certain length, or symbol, indicating a rating.
3. The method of Claim 1, the grade is based on a numerical score for
the recognition of the at least one word.
4, The method of Claim 3, further comprising:

determining the numerical score;

comparing the numerical score to a set of predetermined scores that
indicate possible performance levels; and

assigning to the numerical score the grade.
5. The method of Claim 1, wherein the recognition rate is an error rate
based on estimated errors estimated from evaluating system behavior.
6. The method of Claim 1, wherein the recognition rate is an accuracy
rate based on estimated correct observations by the system estimated from
evaluating system behavior.
7. The method of Claim 5, wherein the recognition rate is determined, in
part, using:

a count of occurrences for which instances of the word or instances of

the various words are recognized within a certain confidence factor range.
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8. The method of Claim 5, wherein the recognition rate is determined, in part,
using:

a count of occurrences for which the system rejects a first hypothesis
of a first utterance, followed by a user repeating the first utterance in a
second utterance, followed by the system accepting a second hypothesis of
the second utterance.

9. The method of Claim 5, wherein the recognition rate is determined, in
part, using:

a count of occurrences when instances of the word or one of the
various words are recognized incorrectly in the system’s hypothesis fc;r a first
utterance, followed by a user repeating the first utterance in a second
utterance, followed by the system recognizing and accepting the second.

10.  The method of Claim 5, wherein the recognition rate is determined, in
part, using:

a count of occurrences when a hypothesis generated by the system
does not match an expected response word-for-word, but the hypothesis
mostly matches the expected response word-for-word.

11.  The method of Claim 5, wherein the recognition rate is determined, in
part, using :

a count of occurrences when a user provides feedback to the system.
12.  The method of Claim 1, wherein the recognition factor is a number of
words in a vocabulary of the system.

13.  The method of Claim 1, wherein the recognition factor is an average
number of words per utterance for utterances used in the determination of the

grade.
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14.  The method of Claim 1, wherein the word or the various words is a digit
or digits.
15.  The method of Claim 1, wherein the recognition factor is an
environmental factor.
16.  The method of Claim 15, wherein the environmental factor is a
measurement of the user’s speech level.
17.  The method of Claim 15, wherein the environmental factor is a
background noise level.
18.  The method of Claim 1, wherein the recognition factor is a measure of
difficulty of recognition of the word or various words,
19.  The method of Claim 1, wherein the grade is a measure of
performance of a system or systems used by one or more users.
20. The method of Claim 1, wherein the recognition factor is based on
performance of a system or systems used by one or more users.
21.  The method of Claim 1, further comprising:

determining if the grade for a word or various words from a set of
words fails to meet a predetermined standard and improvement is therefore
needed; and

if the improvement is needed, determining appropriate corrective
action.
22.  The method of Claim 21, further comprising:

creating an alert to perform the corrective action through an alert

mechanism.
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23. The method of Claim 1, further comprising:

determining if the grade of the system is not as good as other like-
generated grades of other like systems used by other users, wherein the
other like systems are operated in an environment similar to the system’s
environment and improvement is therefore achievable; and

if the improvement is achievable, determining appropriate corrective
action.
24. The method of Claim 21, further comprising creating an alert to
communicate the corrective action to the user.
25.  The method of Claim 1, further comprising:

generating a report of the performance of the system; and

displaying the report.
26. The method of Claim 25, wherein the report includes information about
performances of multiple systems used by muitiple users.
27.  The method of Claim 25, further comprising displaying the reportin a
location other than on the speech recognition system.
28.  The method of Claim 1, wherein the method is performed as the
system is being used by a user.
29.  The method of Claim 1, wherein the method is performed after the
system is used by a user for a period of time, using information from a log of
system activity.
30. An apparatus for assessing a performance of a speech recognition
system, comprising:

a processor that determines a grade, corresponding to either

recognition of instances of a word or recognition of instances of various words
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among a set of words, wherein the grade indicates a level of the performance
of the system and wherein the grade is based on a recognition rate and at
least one recognition factor.
31.  The apparatus of Claim 30, further comprising:

a report generator that generates a report of the performance of the
system; and

a display for displaying the report.
32. The apparatus of Claim 31, wherein the display is located at the
system.
33.  The apparatus of Claim 31, wherein the report includes information
about performances of multiple systems used by muitiple users.
34. The apparatus of Claim 31, wherein the display is at a location other
than where the system and the other like systems are located.
35. The apparatus of Claim 31, wherein the display is a management
console.
36. The apparatus of Claim 31, wherein the display is a web browser.
37. The apparatus of Claim 30, wherein the system is located on a
portable terminal.
38. A method for model adaptation for a speech recognition system
comprising:

determining a performance assessment of the system, corresponding
to either recognition of instances of word or recognition of instances of
various words among a set of words; and

adjusting an adaptation of a model for the word or various models for

the various words, based on the performance assessment.
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39. The method of claim 38, wherein the performance assessmentis a
grade.
40. The method of claim 38, wherein the performance assessment is an
accuracy rate.
41.  The method of Claim 38, wherein adjusting the adaptation comprises:
making a comparison of the performance assessment to a performance
assessment threshold; and

adapting the model or various models or withholding adapting the
model or various models, based on the comparison.
42. The method of Claim 41, wherein the performance assessment
threshold is based on a performance assessment of a set of users of like
systems,
43. A method for improving performance of a speech recognition system
comprising:

determining a performance of the system, corresponding to either
recognition of instances of a word or recognition of instances of various words
among a set of words, and

determining a corrective action based on the performance, to improve
the performance.
44. The method of Claim 43, further comprising communicating the
corrective action o a user.
45.  The method of Claim 43, further comprising initiating the corrective
action automatically.
46. The method of Claim 43, wherein the method is performed as the

system is being used by a user.
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47.  The method of Claim 43, wherein the method is performed after the
system is used by a user for a period of time, using information from a log of
system activity.

48. The method of Claim 43, wherein the corrective action Es for the user to
retrain a word or set of words.

49. The method of Claim 43, wherein the corrective action is for the user to
perform an action that causes a model or set of models to be modified.

50. The method of Claim 43, wherein the corrective action is for the user to
speak louder.

51.  The method of Claim 43, wherein the corrective action is for the user to
move the microphone.

52.  The method of Claim 43, wherein the corrective action is for the user to
replace a mEcropﬁone.

53. The method of Claim 43, wherein determining the performance is
based on estimated errors, which are estimated from evaluating system
behavior.

54. The method of Claim 53, wherein the estimated errors estimated from
evaluating system behavior correspond to proximate utterances input to the
system by the user.

55. The method of Claim 43, wherein determining the performance is
based on estimated correct observations by the system estimated from

evaluating system behavior.
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56. The method of Claim 43, wherein determining the performance is
based, at least in part, on identifying occurrences for which instances of the
word or instances of the various words are recognized within a certain
confidence factor range.
57.  The method of Claim 43, wherein determining the performance uses,
at least in part, identifying occurrences for which the system rejects a first
hypothesis of a first utterance, followed by the system accepting a second
hypothesis of the second utterance, wherein the first and second hypotheses
substantially match word-for-word.
58. The method of Claim 43, wherein determining the performance uses,
at least in part:

identifying occurrences when the system generates first and second
hypotheses of two utterances and the system accepts the second
hypothesis, wherein the two hypotheses do not match word-for-word, but the
hypotheses mostly match word-for-word.
59. The method of Claim 43, wherein determining the performance uses,
at least in part:

identifying occurrences when a hypothesis generated by the system
does not match an expected response word-for-word, but the hypothesis
mostly matches the expected response word-for-word.
60. The method of Claim 43, wherein determining the performance uses,
at least in part:

identifying occurrences when a user provides feedback to the system.
61. The method of Claim 43, wherein determining the corrective action is

based on a recognition factor.
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62. The method of Claim 43, wherein determining the corrective action is

based on an environmental factor.

63. The method of Claim 43, wherein determining the corrective action is

based on performance of a system or systems used by one or more users.

64. An apparatus for model adaptation for a speech recognition system
comprising:

a processor adapted to determine a performance assessment of the
system, corresponding to either recognition of instances of word or
recognition of instances of various words among a set of words; and

a controller adapted to adjust an adaptation, of a model for the word or
various models for the various words, based on the performance assessment.
65. The apparatus of Cl_aim 64, wherein the controller adjusts the
adaptation by adapting the model or various models or withholding adapting
the model or various models, based on the performance assessment.

686. The apparatus of Claim 64, wherein the adaptation is adjusted based
on a performance assessment of a set of users of like systems.

87. An apparatus for improving performance of a speech recognition
system comprising:

a processor adapted to determine a performance of the system,
corresponding to either recognition of instances of a word or recognition of
instances of various words among a set of words, and determine a cotrective
action based on the performance to improve the performance.

68. The apparatus of Claim 67, wherein the processor is adapted to

communicate the corrective action o a user.
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69. The apparatus of Claim 67, further comprising initiating the corrective
action automatically.

70. The apparatus of Claim 67, wherein the apparatus determines the
performance and determines the corrective action as the system, is being
used by a user.

71. The apparatus of Claim 67, wherein the apparatus determines the
performance and determines the corrective action after the system is used by
a user for a period of time, using information from a log of system activity.

72.  The apparatus of Claim 67, wherein the performance is determined
using estimated errors, which are estimated from evaluating system behavior.
73. The apparatus of Claim 67, wherein the performance is determined
using estimated correct observations, which are estimated from evaluating
system behavior.

74. The apparatus of Claim 72, wherein the estimated errors include
occurrences for which instances of the word or instances of the various words
are recognized within a certain confidence factor range.

75.  The apparatus of Claim 72, wherein the estimated errors include
occurrences for which the system rejects a first hypothesis of a first utterance,
followed by the system accepting a second hypothesis of the second
utterance, wherein the first and second hypotheses substantially match word-
for-word.

76.  The apparatus of Claim 72, wherein the estimated errors include

occurrences when the system generates first and second hypotheses of two
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utterances, and the system accepting the second hypothesis, wherein the two
hypotheses do not match word-for-word, but the hypotheses mostly match
word-for-word.
77. The apparatus of Claim 72, wherein the estimated errors include
occurrences when a hypothesis generated by the system does not match an
expected response word-for-word, but the hypothesis mostly matches the
expected response word-for-word.
78.  The apparatus of Claim 72, wherein the estimated errors include
occurrences of when a user provides feedback to the system.
79. The apparatus of Claim 67, wherein determining the corrective action
is based on a recognition factor.
80. The apparatus of Claim 72, wherein determining the corrective action
is based on an environmental factor.
81. The apparatus of Claim 72, wherein determining the corrective action
is based on performance of a system or systems used by one or more users.
82. A method for assessing a performance of a speech recognition
system, comprising:

determining a grade, corresponding to either recognition of instances
of a word or recognition of instances of various words among a set of words,
wherein the grade indicates a level of the performance of the system and the
grade is based on a count of observations with errors or a count of correct

observations and at least one recognition factor.
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83.  An apparatus for assessing a performance of a speech recognition
system, comprising:

a processor that determines a grade, corresponding to either
recognition of instances of a word or recognition of instances of various words
among a set of words, wherein the grade indicates a level of the performance
of the system and the grade is based on a count of observations with errors
or a count of correct observations and at least one recognition factor.

84. The method of Claim 5, wherein the error rate comprises:

a substitution rate at which an instance of the word or one of the various
words is incorrectly recognized as another word, when comparing a hypothesis
generated by the system to an expected response.

85. The method of Claim 43, wherein the performance is based on an error rate
comprising:

a rate at which the system rejects a first utterance, followed by a user
repeating the first utterance in a second utterance, followed by the system accepting
the second utterance.

86. The method of Claim 43, wherein the performance is based on an error rate
comprising:

a rate at which the system substitutes an instance of the word or one of the
various words in the system'’s hypothesis for a first utterance, followed by a user
repeating the first utterance in a second utterance, followed by the system

recognizing and accepting the second utterance.
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87. The method of Claim 43, wherein the performance is based on an error rate
comprising:

a substitution rate at which the word an instance of the word or one of the
various words is incorrectly recognized as another word, when comparing a
hypothesis generated by the system to an expected response.

88. The apparatus of Claim 67, wherein the performance is based on an error
rate comprising:

a rate at which the system rejects a first utterance, followed by a user
repeating the first utterance in a second uiterance, followed by the system accepting
the second utterance.

89. The apparatus of Claim 67, wherein the performance is based on an error
rate comprising:

a rate at which the system substitutes an instance of the word or one of the
various words in the system’s hypothesis for a first utterance, followed by a user
repeating the first utterance in a second utterance, followed by the system
recognizing and accepting the second utterance
90. The apparatus of Claim 67, wherein the performance is based on an error
rate comprising:

a substitution rate at which the word an instance of the word or one of the
various words is incorrectly recognized as another word, when comparing a

hypothesis generated by the system to an expected response.
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