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EMOTION TYPE CLASSIFICATION FOR INTERACTIVE DIALOG SYSTEM

BACKGROUND

[0001] Artificial interactive dialog systems are an increasingly widespread feature in state-
of-the-art consumer clectronic devices.  For example, modern wireless smartphones
incorporate spcech recognition, interactive dialog, and specch synthesis software to
engage in real-time interactive conversation with a user to deliver such services as
information and news, remote device configuration and programming, conversational
rapport, etc.

[0002] To allow the user to experience a more natural and seamless conversation with the
dialog system, it is desirable to generate speech or other output having emotional content
in addition to semantic content. For example, when delivering news, scheduling tasks, or
otherwise interacting with the user, it would be desirable to impart emotional
characteristics to the synthesized speech and/or other output to more effectively engage
the user in conversation.

[0003] Accordingly, it is desirable to provide techniques for determining suitable
ecmotions to impart to semantic content delivered by an interactive dialog system, and
classifying such determined emotions according to one of a plurality of predetermined

emotion types.

SUMMARY

[0004] This Summary is provided to introduce a selection of concepts in a simplified form
that are further described below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the claimed subject matter, nor is
it intended to be used to limit the scope of the claimed subject matter.

[0005] Briefly, various aspects of the subject matter described herein are directed towards
techniques for providing an apparatus for an interactive dialog system. In an aspect, fact
or profile inputs available to a mobile communications device may be combined with
prcvious or current uscr input to sclect an appropriate cmotion type code to associate with
an output statement generated by the interactive dialog system. The fact or profile inputs
may be derived from certain aspects of the device usage, ¢.g., user online activity, user
communications, calendar and scheduling functions, etc. The algorithms for selecting the
emotion type code may be rules-based, or pre-configured using machine learning

techniques. The emotion type code may be combined with the output statement to
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generate synthesized speech having emotional characteristics for an improved user experience.
[0005a] According to one aspect of the present invention, there is provided an apparatus for an
interactive dialog system, the apparatus comprising: a semantic content generation block
configured to generate an output statement informationally responsive to a user dialog input; a
classification block configured to select, based on at least one fact or profile input, an emotion
type code to be imparted to the output statement, the emotion type code specifying one of a
plurality of predetermined emotion types; and a text-to-speech block configured to generate
speech corresponding to the output statement, the speech generated to have the predetermined
emotion type specified by the emotion type code; wherein the at least one fact or profile input
comprises a parameter derived from usage of a mobile communications device implementing the
interactive dialog system, and wherein the at least one fact or profile input further comprises a
digital assistant personality.

[0005b] According to another aspect of the present invention, there is provided a computing
device including a processor and a memory holding instructions executable by the processor to:
generate an output statement informationally responsive to a user dialog input; select, based on
at least one fact or profile input, an emotion type code to be imparted to the output statement,
the emotion type code specifying one of a plurality of predetermined emotion types; and generate
speech corresponding to the output statement, the speech generated to have the predetermined
emotion type specified by the emotion type code; wherein the at least one fact or profile input is
derived from usage of a mobile communications device implementing an interactive dialog
system, and wherein the at least one fact or profile input further comprises a digital assistant
personality

[0005¢] According to still another aspect of the present invention, there is provided a method
comprising: generating an output statement informationally responsive to a user dialog input;
selecting, based on at least one fact or profile input, an emotion type code to be imparted to the
output statement, the emotion type code specifying one of a plurality of predetermined emotion
types; and generating speech corresponding to the output statement, the speech generated to have
the predetermined emotion type specified by the emotion type code; wherein the at least one fact
or profile input is derived from usage of a mobile communications device implementing an
interactive dialog system, and wherein the at least one fact or profile input further comprises a

digital assistant personality.

Date Regue/Date Received 2020-11-18
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[0005d] According to yet another aspect of the present invention, there is provided one or more
computer-readable media having stored thereon computer executable instructions that when
executed cause a processor to perform the method processor to perform a method as described
above or detailed below.

[0005¢e] According to a further aspect of the present invention, there is provided an apparatus for
an interactive dialog system, the apparatus comprising: a semantic content generation block
configured to generate an output statement informationally responsive to a user dialog input, the
output statement comprising a computer-generated object to be displayed on a display device; a
classification block configured to select, based on at least one fact or profile input, an emotion
type code to be imparted to the computer-generated object, the emotion type code specifying one
of a plurality of predetermined emotion types; and a visual generation block configured to
generate a digital image representation of the computer-generated object, the digital image
representation generated to have the predetermined emotion type specified by the emotion type
code; wherein the at least one fact or profile input is derived from usage of a mobile
communications device implementing the interactive dialog system; and further wherein the
classification block is trained by providing a training block with a plurality of reference fact or
profile inputs or previous user inputs derived from a training corpus.

[0005f] According to yet a further aspect of the present invention, there is provided a computing
device including a processor and a memory holding instructions executable by the processor to:
generate an output statement informationally responsive to a user dialog input, the output
statement comprising a computer-generated object to be displayed on a display device; select,
based on at least one fact or profile input, an emotion type code to be imparted to the computer -
generated object, the emotion type code specifying one of a plurality of predetermined emotion
types; and generate a digital image representation of the computer-generated object, the digital
image representation generated to have the predetermined emotion type specified by the emotion
type code; wherein the at least one fact or profile input is derived from usage of a mobile
communications device implementing an interactive dialog system, and further wherein the
classification block is trained by providing a training block with a plurality of reference fact or
profile inputs or previous user inputs derived from a training corpus.

[0005g] According to still a further aspect of the present invention, there is provided a method
comprising: generating an output statement informationally responsive to a user dialog input, the
output statement comprising a computer-generated object to be displayed on a display device;

selecting, based on at least one fact or profile input, an emotion type code to be imparted to the

2a
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computer-generated object, the emotion type code specifying one of a plurality of predetermined
emotion types; and generating a digital image representation of the computer-generated object,
the digital image representation generated to have the predetermined emotion type specified by
the emotion type code; wherein the at least one fact or profile input is derived from usage of a
mobile communications device implementing an interactive dialog system, and further wherein
the classification block is trained by providing a training block with a plurality of reference fact
or profile inputs or previous user inputs derived from a training corpus.

[0005h] According to another aspect of the present invention, there is provided one or more
computer-readable media having stored thereon computer executable instructions that when
executed cause a processor to perform the method processor to perform a method as described
above or detailed below.

[0006] Other advantages may become apparent from the following detailed description and

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] FIG 1 illustrates a scenario employing a mobile communications device wherein
techniques of the present disclosure may be applied.
[0008] FIG 2 illustrates an exemplary embodiment of processing that may be performed
by processor and other elements of device.
[0009] FIG 3 illustrates an exemplary embodiment of processing performed by a dialog
engine.
[0010] FIG 4 illustrates an exemplary embodiment of an emotion type classification block
according to the present disclosure.
[0011] FIG 5 illustrates an exemplary embodiment of a hybrid emotion type classification
algorithm.
[0012] FIG 6 illustrates an exemplary embodiment of a rules-based algorithm.
[0013] FIG 7 illustrates an alternative exemplary embodiment of a rules-based algorithm.
[0014] FIG 8 illustrates an exemplary embodiment of a training scheme for deriving a
trained algorithm for selecting emotion type.
[0015] FIG 9 illustrates an exemplary embodiment of a method according to the present
disclosure.
[0016] FIG 10 schematically shows a non-limiting computing system that may perform

one or more of the above described methods and processes.

2b
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[0017] FIG 11 illustrates an exemplary embodiment of an apparatus according to the present
disclosure.

[0018] FIG 12 illustrates an exemplary embodiment wherein techniques of the present disclosure
are incorporated in a dialog system with emotional content imparted to displayed text, rather than

or in addition to audible speech.

DETAILED DESCRIPTION
[0019] Various aspects of the technology described herein are generally directed towards a
technology for selecting an emotion type code associated with an output statement in an electronic

mteractive dialog system. The detailed description set forth below in

2¢
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connection with the appended drawings is intended as a description of exemplary aspects
of the invention and is not intended to represent the only exemplary aspects in which the
invention can be practiced. The term “exemplary” used throughout this description means
“serving as an example, instance, or illustration,” and should not necessarily be construed
as preferred or advantageous over other exemplary aspects. The detailed description
includes specific details for the purposc of providing a thorough understanding of the
exemplary aspects of the invention. It will be apparent to those skilled in the art that the
exemplary aspects of the invention may be practiced without these specific details. In
some instances, well-known structures and devices are shown in block diagram form in
order to avoid obscuring the novelty of the exemplary aspects presented herein.

[0020] FIG 1 illustrates a scenario employing a mobile communications device 120
wherein techniques of the present disclosure may be applied. Note FIG 1 is shown for
illustrative purposes only, and is not meant to limit the scope of the present disclosure to
only applications of the present disclosure to mobile communications devices. For
example, techniques described herein may readily be applied in other devices and systems,
e.g., in the human interface systems of notebook and desktop computers, automobile
navigation systems, ctc. Such alternative applications arc contemplated to be within the
scope of the present disclosure.

[0021] In FIG 1, user 110 communicates with mobile communications device 120, e.g., a
handheld smartphone. A smartphone may be understood to include any mobile device
integrating communications functions such as voice calling and Internet access with a
relatively sophisticated microprocessor for implementing a diverse array of computational
tasks. User 110 may provide speech input 122 to microphone 124 on device 120. One or
more processors 125 within device 120, and/or processors (not shown) available over a
network (e.g., implementing a cloud computing scheme) may process the speech signal
received by microphone 124, e.g., performing functions as further described with
reference to FIG 2 hereinbelow. Note processor 125 need not have any particular form,
shape, or functional partitioning such as described herein for exemplary purposcs only,
and such processors may generally be implemented using a varicty of techniques known in
the art.

[0022] Based on processing performed by processor 125, device 120 may generate speech
output 126 responsive to speech input 122 using audio speaker 128. In certain scenarios,
device 120 may also generate speech output 126 independently of speech input 122, e.g.,

device 120 may autonomously provide alerts or relay messages from other users (not
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shown) to user 110 in the form of speech output 126. In an exemplary embodiment,
output responsive to speech input 122 may also be displayed on display 129 of device 120,
e.g., as text, graphics, animation, etc.

[0023] FIG 2 illustrates an exemplary embodiment of an interactive dialog system 200
that may be implemented by processor 125 and other elements of device 120. Note the
processing shown in FIG 2 is for illustrative purposcs only, and is not meant to restrict the
scope of the present disclosure to any particular sequence or set of operations shown in
FIG 2. For example, in alternative exemplary embodiments, certain techniques disclosed
herein for selecting an emotion type code may be applied independently of the processing
shown in FIG 2. Furthermore, one or more blocks shown in FIG 2 may be combined or
omitted depending on specific functional partitioning in the system, and therefore FIG 2 is
not meant to suggest any functional dependence or independence of the blocks shown.
Such alternative exemplary embodiments are contemplated to be within the scope of the
present disclosure.

[0024] In FIG 2, at block 210, speech input is received. Speech input 210 may correspond
to a waveform representation of an acoustic signal derived from, ¢.g., microphone 124 on
device 120. The output 210a of speech input 210 may correspond to a digitized version of
the acoustic waveform containing speech content.

[0025] At block 220, speech recognition is performed on output 210a. In an exemplary
embodiment, speech recognition 220 translates speech such as present in output 210a into
text. The output 220a of speech recognition 220 may accordingly correspond to a textual
representation of speech present in the digitized acoustic waveform output 210a. For
example, if output 210a includes an audio waveform representation of a human utterance
such as “What is the weather tomorrow?” e.g., as picked up by microphone 124, then
speech recognition 220 may output ASCII text (or other text representation) corresponding
to the text “What is the weather tomorrow?” based on its speech recognition capabilities.
Speech recognition as performed by block 220 may be performed using acoustic modeling
and language modecling techniques including, c¢.g., Hidden Markov Models (HMM's),
ncural networks, ctc.

[0026] At block 230, language understanding is performed on the output 220a of speech
recognition 220, based on knowledge of the expected natural language of output 210a. In
an exemplary embodiment, natural language understanding techniques such as parsing and
grammatical analysis may be performed using knowledge of, e.g., morphology and syntax,

to derive the intended meaning of the text in output 220a. The output 230a of language
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understanding 230 may include a formal representation of the semantic and/or emotional
content of the speech present in output 220a.

[0027] At block 240, a dialog engine generates a suitable response to the speech as
determined from output 230a. For example, if language understanding 230 determines
that the user speech input corresponds to a query regarding the weather for a particular
gecography, then dialog cngine 240 may obtain and assemble the requisitc weather
information from sources, c.g., a weather forecast service or database. For example,
retrieved weather information may correspond to time / date code for the weather forecast,
a weather type code corresponding to “sunny” weather, and a temperature field indicating
an average temperature of 72 degrees.

[0028] In an exemplary embodiment, dialog engine 240 may further “package” the
retrieved information so that it may be presented for ready comprehension by the user.
Accordingly, the semantic content output 240a of dialog engine 240 may correspond to a
representation of the semantic content such as “today’s weather sunny; temperature 72
degrees.”

[0029] In addition to semantic content 240a, dialog engine 240 may further generate an
emotion type code 240b associated with semantic content 240a. Emotion type code 240b
may indicate a specific type of emotional content to impart to semantic content 240a when
delivered to the user as output speech. For example, if the user is planning to picnic on a
certain day, then a sunny weather forecast may be simultancously delivered with an
emotionally upbeat tone of voice. In this case, emotion type code 240b may refer to an
emotional content type corresponding to “moderate happiness.”  Techniques for
generating the emotion type code 240b based on data, facts, and inputs available to the
interactive dialog system 200 will be further described hereinbelow, e.g., with reference to
FIG 3.

[0030] At block 250, language generation is performed on the outputs 240a, 240b of
dialog engine 240. Language generation presents the output of dialog engine 240 in a
natural language format, c.g., as scntences in a target language obeying lexical and
grammatical rules, for ready comprehension by a human user. For example, based on the
semantic content 240a, language generation 250 may generate the following statement:
“The weather today will be 72 degrees and sunny.”

[0031] In an exemplary embodiment, block 250 may further accept input 255a from
system personality block 255. System personality block 255 may specify default

parameters 255a for the dialog engine according to a pre-selected “personality” for the
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interactive dialog system. For example, if the system personality is chosen to be “male” or
“female,” or “cheerful” or “thoughtful,” then block 255 may specify parameters
corresponding to the system personality as reference input 255a. Note in certain
exemplary embodiments, block 255 may be omitted, or its functionality may be
incorporated in other blocks, ¢.g., dialog engine 240 or language generation block 250,
and such alternative exemplary embodiments arc contemplated to be within the scope of
the present disclosure.

[0032] In an exemplary embodiment, language generation block 250 may combine
semantic content 240a, emotion type code 240b, and default emotional parameters 255a to
synthesize an output statement 250a. For example, an emotion type code 240b
corresponding to “moderate happiness” may cause block 250 to generate a natural
language (e.g., English) sentence such as “Great news - the weather today will be 72
degrees and sunny!” Output statement 250a of language generation block 250 is provided
to the subsequent text-to-speech block 260 to generate audio speech corresponding to the
output statement 250a.

[0033] Note in certain exemplary embodiments, some functionality of the language
generation block 250 described hereinabove may be omitted. For example, language
generation block 250 need not specifically account for emotion type code 240b in
generating output statement 250a, and text-to-speech block 260 (which also has access to
emotion type code 240b) may instead be relied upon to provide the full emotional content
of the synthesized speech output. Furthermore, in certain instances where information
retrieved by dialog engine is already in a natural language format, then language
generation block 250 may effectively be bypassed. For example, an Internet weather
service accessed by dialog engine 240 may provide weather updates directly in a natural
language such as English, so that language generation 250 may not need to do any
substantial post-processing on the semantic content 240a. Such alternative exemplary
embodiments are contemplated to be within the scope of the present disclosure.

[0034] At block 260, text-to-speech conversion is performed on output 250a of language
generation 250. In an exemplary embodiment, emotion type code 240b is also provided to
TTS block 260 to synthesize speech having text content corresponding to 250a and
emotional content corresponding to emotion type code 240b. The output of text-to-speech

conversion 260 may be an audio waveform.
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[0035] At block 270, an acoustic output is generated from the output of text-to-speech
conversion 260. The speech output may be provided to a listener, ¢.g., user 110 in FIG 1,
by speaker 128 of device 120.

[0036] As interactive dialog systems become increasingly sophisticated, it would be
desirable to provide techniques for effectively selecting suitable emotion type codes for
speech and other types of output generated by such systems. For cxample, as suggested by
the provision of emotion type code 240b along with semantic content 240a, in certain
applications it is desirable for speech output 270 to be generated not only as an
emotionally necutral rendition of text, but also to incorporate a pre-specified emotional
content when delivered to the listener. Thus the output statement 250a may be associated
with a suitable emotion type code 240b such that user 110 will perceive an appropriate
emotional content to be present in speech output 270.

[0037] For example, if dialog engine 240 specifies that semantic content 240a corresponds
to information that a certain baseball team has won the World Series, and user 110 is
further a fan of that baseball team, then choosing emotion type code 240b to represent
“excited” (as opposed to, e.g., neutral or unhappy) to match the user’s emotional state
would likely result in a more satisfying interactive experience for user 110.

[0038] FIG 3 illustrates an exemplary embodiment 240.1 of processing performed by
dialog engine 240 to generate appropriatc semantic content as well as an associated
emotion type code. Note FIG 3 is shown for illustrative purposes only, and is not meant to
limit the scope of the present disclosure to any particular application of the techniques
described herein.

[0039] In FIG 3, dialog engine 240.1 includes semantic content generation block 310 and
an emotion type classification block 320, also referred to herein as a “classification block.”
Both blocks 310 and 320 are provided with user dialog input 230a, which may include the
output of language understanding 230 performed on one or more statements or queries by
user 110 in the current or any previous dialog session. In particular, semantic content
generation block 310 generates semantic content 240.1a corresponding to information to
be delivered to user, while emotion type classification block 320 generates an appropriate
emotion type, represented by emotion type code 240.1b, to be imparted to semantic
content 240.1a. Note user dialog input 230a may be understood to include any or all of
user inputs from current or previous dialog sessions, ¢.g., as stored in history files on a

local device memory, etc.



10

15

20

25

30

MS 35507202 CA 02967976 2017-05-15
WO 2016/089929 PCT/US2015/063301

[0040] In addition to user dialog input 230a, block 320 is further provided with “fact or
profile” inputs 301, which may include parameters derived from usage of the device on
which the dialog engine 240.1 is implemented. Emotion type classification block 320 may
generate the appropriate emotion type code 240.1b based on the combination of fact or
profile inputs 301 and user dialog input 230a according to one or more algorithms, e.g.,
with parameters trained off-line according to machine lcarning techniques further
disclosed hereinbelow. In an exemplary embodiment, emotion type code 240.1b may
include a specification of both the emotion (e.g., “happy,” etc.) as well as a degree
indicator indicating the degree to which that emotion is exhibited (e.g., a number from 1-5,
with 5 indicating “very happy”). In an exemplary embodiment, emotion type code 240.1b
may be expressed in a format such as specified in an Emotion Markup Language
(EmotionML) for specifying one of a plurality of predetermined emotion types that may
be imparted to the output speech.

[0041] It is noted that a current trend is for modern consumer devices such as smartphones
to increasingly take on the role of indispensable personal assistants, integrating diverse
feature sets into a single mobile device carried by the user frequently, and often
continuously. The repeated use of such a device by a single user for a wide varicty of
purposes (¢.g., voice communications, Internet access, schedule planning, recreation, ctc.)
allows potential access by interactive dialog system 200 to a great deal of relevant data for
selecting emotion type code 240.1b. For example, if location services are enabled for a
smartphone, then data regarding the user’s geographical locale over a period of time may
be used to infer certain of the user’s geographical preferences, ¢.g., being a fan of a local
sports team, or propensity for trying new restaurants in a certain area, etc. Other examples
of usage scenarios generating relevant data include, but are not limited to, accessing the
Internet using a smartphone to perform topic or keyword searches, scheduling calendar
dates or appointments, setting up user profiles during device initialization, etc. Such data
may be collectively utilized by a dialog system to assess an appropriate emotion type code
240.1b to impart to scmantic content 240.1a during an interactive dialog scssion with user
110. In view of such usage scenarios, it is especially advantageous to derive at least one
or even multiple fact or profile input 301 from the usage of a mobile communications
device implementing the interactive dialog system.

[0042] FIG 4 illustrates an exemplary embodiment 320.1 of an emotion type classification
block according to the present disclosure. In FIG 4, exemplary fact or profile inputs 301.1
obtainable by device 120 include a plurality of fact or profile parameters 402-422 selected
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by a system designer as relevant to the task of emotion type classification. Note
exemplary fact or profile inputs 301.1 are given for illustrative purposes only. In
alternative exemplary embodiments, any of the individual parameters of fact or profile
inputs 301.1 may be omitted, and/or other parameters not shown in FIG 4 may be added.
The parameters 402-422 need not describe disjoint classes of parameters, i.c., a single type
of input used by emotion type classification block 320.1 may simultancously fall into two
or more categories of the inputs 402-422. Such alternative exemplary embodiments are
contemplated to be within the scope of the present disclosure.

[0043] User configuration 402 includes information directly input by user 110 to device
120 that aids in emotion type classification. In an exemplary embodiment, during set-up
of device 120, or generally during operation of device 120, user 110 may be asked to
answer a series of profile questions. For example, user 110 may be queried regarding age
and gender, hobbies, interests, favorite movies, sports, personality traits, ctc. In some
instances, information regarding a user’s personality traits (e.g., extrovert or introvert,
dominant or submissive, etc.) may be inferred by asking questions from personality profile
questionnaires. Information from user configuration 402 may be stored for later use by
emotion type classification block 320.1 for sclecting cmotion type code 240.1b.

[0044] User online activity 404 includes Internct usage statistics and/or content of data
transmitted to and from the Internet or other networks via device 120. In an exemplary
embodiment, online activity 404 may include user search queries, e.g., as submitted to a
Web search engine via device 120. The contents of user search queries may be noted, as
well as other statistics such as frequency and/or timing of similar queries, etc. In an
exemplary embodiment, online activity 404 may further include identities of frequently
accessed websites, contents of e-mail messages, postings to social media websites, etc.
[0045] User communications 406 includes text or voice communications conducted using
device 120. Such communications may include, e.g., text messages sent via short
messaging service (SMS), voice calls over the wireless network, etc.  User
communications 406 may also include messaging on native or third-party social media
networks, c.g., Internct websites accessed by user 110 using device 120, or instant
messaging or chatting applications, etc.

[0046] User location 408 may include records of user location available to device 120,
e.g., via wireless communications with one or more cellular base stations, or Internet-

based location services, if such services are enabled. User location 408 may further
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specify a location context of the user, e.g., if the user is at home or at work, in a car, in a
crowded environment, in a meeting, etc.

[0047] Calendar / scheduling functions / local date and time 410 may include time
information as relevant to emotion classification based on the schedule of a user’s
activities. For example, such information may be premised on use of device 120 by user
110 as a personal scheduling organizer. In an exemplary embodiment, whether a time
segment on a user’s calendar is available or unavailable may be relevant to classification
of emotion type. Furthermore, the nature of an upcoming appointment, ¢.g., a scheduled
vacation or important business meeting, may also be relevant.

[0048] Calendar / scheduling functions / local date and time 410 may further incorporate
information such as whether a certain time overlaps with working hours for the user, or
whether the current date corresponds to a weekend, etc.

[0049] User emotional state 412 includes data related to determination of a user’s real-
time emotional state. Such data may include the content of the user’s utterances to the
dialog system, as well as voice parameters, physiological signals, etc. Emotion-
recognition technology may further be utilized inferring a user’s emotions by sensing, ¢.g.,
user spcech, facial expression, recent text messages communicated to and from device
120, physiological signs including body temperature and heart rate, etc., as sensed by
various sensors (e.g., physical sensor inputs 420) on device 120.

[0050] Device usage statistics 414 includes information concerning how frequently user
110 uses device 120, how long the user has used device 120, for what purposes, etc. In an
exemplary embodiment, the times and frequency of user interactions with device 120
throughout the day may be recorded, as well as the applications used, or websites visited,
during those interactions.

[0051] Online information resources 416 may include news or events related to a user’s
interests, as obtained from online information sources. For example, based on a
determination that user 110 is a fan of a sports team, then online information resources
416 may include ncws that that sports team has recently won a game. Alternatively, if
user 110 is determined to have a preference for a certain type of cuisine, for example, then
online information resources 416 may include news that a new restaurant of that type has
just opened near the user’s home.

[0052] Digital assistant (DA) personality 418 may specify a personality profile for the
dialog system, so that interaction with the dialog system by the user more closely mimics

interaction with a human assistant. The DA personality profile may specify, e.g., whether
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the DA is an extrovert or introvert, dominant or submissive, or the gender of the DA. For
example, DA personality 418 may specify a profile corresponding to a female, cheerful
personality, for the digital assistant. Note this feature may be provided alternatively, or in
conjunction with, system personality block 255 as described hereinabove with reference to
FIG 2.

[0053] Physical sensor inputs 420 may include signals derived from sensors on device 120
for sensing physical parameters of the device 120. For example, physical sensor inputs
420 may include sensor signals from accelerometers and/or gyroscopes in device 120, c.g.,
to determine if user 110 is currently walking or in a car, etc. Knowledge of a user’s
current mobility situation may provide information to emotion type classification block
320.1 aiding in generating an appropriate emotional response. Physical sensor inputs 420
may also include sensor signals from microphones or other acoustic recording devices on
device 120, e.g., to infer characteristics of the environment based on the background noise,
ete.

[0054] Conversation history 422 may include any records of present and past
conversations between the user and the digital assistant.

[0055] Fact or profile inputs 301.1, along with user dialog input 230a, may be provided as
input to emotion type classification algorithm 450 of emotion type classification block
320.1. Emotion type classification algorithm 450 may map the multi-dimensional vector
specified by the specific fact or profile inputs 301.1 and user dialog input 230a to a
specific output determination of emotion type code 240.1b, e.g., specifying an appropriate
emotion type and corresponding degree of that emotion.

[0056] FIG 5 illustrates an exemplary embodiment 450.1 of a hybrid emotion type
clagsification algorithm. Note FIG 5 is shown for illustrative purposes only, and is not
meant to limit the scope of the present disclosure to any particular type of algorithm
shown.

[0057] In FIG 5, emotion type classification algorithm 450.1 includes algorithm selection
block 510 for choosing at least one algorithm to be used for sclecting emotion type. In an
cxemplary embodiment, the at least one algorithm includes rules-based algorithms 512
and trained algorithms 514. Rules-based algorithms 512 may correspond to algorithms
specified by designers of the dialog system, and may generally be based on fundamental
rationales as discerned by the designers for assigning a given emotion type to particular
scenarios, facts, profiles, and/or user dialog inputs. Trained algorithms 514, on the other

hand, may correspond to algorithms whose parameters and functional mappings are
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derived, e.g., offline, from large sets of training data. It will be appreciated that the inter-
relationships between inputs and outputs in trained algorithms 514 may be less transparent
to the system designer than in rules-based algorithms 512, and trained algorithms 514 may
generally capture more intricate inter-dependencies amongst the variables as determined
from algorithm training.

[0058] As scen in FIG 5, both rules-based algorithms 512 and trained algorithms 514 may
accept as inputs the fact or profile inputs 301.1 and user dialog input 230a. Algorithm
selection block 510 may select an appropriate one of algorithms 512 or 514 to use for
selecting emotion type code 240.1b in any instance. For example, in response to fact or
profile inputs 301.1 and/or user dialog input 230a corresponding to a pre-determined set of
values, selection block 510 may choose to implement a particular rules-based algorithm
512 instead of trained algorithm 514, or vice versa. In an exemplary embodiment, rules-
based algorithms 512 may be preferred in certain cases over trained algorithms 514, e.g., if
their design based on fundamental rationales may result in more accurate classification of
emotion type in certain instances. Rules-based algorithms 512 may also be preferred in
certain scenarios wherein, e.g., not enough training data is available to design a certain
type of trained algorithm 514. In an exemplary embodiment, rules-based algorithms 512
may be chosen when it is relatively straightforward for a designer to derive an expected
response based on a particular set of inputs.

[0059] FIG 6 illustrates an exemplary embodiment 600 of a rules-based algorithm. Note
FIG 6 is shown for illustrative purposes only, and is not meant to limit the scope of the
present disclosure to rules-based algorithms, to any particular implementation of rules-
based algorithms, or to any particular format or content for the fact or profile inputs 301.1
or emotion types 240b shown.

[0060] In FIG 6, at decision block 610, it is determined whether user emotional state 412
is “Happy.” If no, the algorithm proceeds to block 612, which sets emotion type code
240b to “Neutral.” If yes, the algorithm proceeds to decision block 620.

[0061] At dccision block 620, it is further determined whether a personality parameter
402.1 of uscr configuration 402 is “Extrovert.” If no, then the algorithm proceeds to block
622, which sets emotion type code 240b to “Interested(1),” denoting an emotion type of
“Interested” with degree of 1. If yes, the algorithm proceeds to block 630, which sets
emotion type code 240b to “Happy(3).”

[0062] It will be appreciated that rules-based algorithm 600 selectively sets the emotion

type code 240b based on user personality, under the assumption that an extroverted user
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will be more engaged by a dialog system exhibiting a more upbeat or “happier” emotion
type. Rules-based algorithm 600 further sets emotion type code 240b based on current
user emotional state, under the assumption that a currently happy user will respond more
positively to a system having an emotion type that is also happy. In alternative exemplary
embodiments, other rules-based algorithms not explicitly described herein may readily be
designed to relate emotion type code 240b to other parameters and values of fact or profile
inputs 301.1.

[0063] As illustrated by algorithm 600, the determination of emotion type code 240b need
not always utilize all available parameters in fact or profile inputs 301.1 and user dialog
input 230a. In particular, algorithm 600 utilizes only user emotional state 412 and user
configuration 402. Such exemplary embodiments of algorithms utilizing any subset of
available parameters, as well as alternative exemplary embodiments of algorithms utilizing
parameters not explicitly described herein, are contemplated to be within the scope of the
present disclosure.

[0064] FIG 7 illustrates an alternative exemplary embodiment 700 of a rules-based
algorithm. In FIG 7, at decision block 710, it is determined whether user dialog input
230a corrcsponds to a query by the uscr for updated news. If yes, then the algorithm
proceeds to decision block 720.

[0065] At decision block 720, it 1s determined whether user emotional state 412 1s
“Happy,” and further whether online information resources 416 indicate that the user’s
favorite sports team has just won a game. In an exemplary embodiment, the user’s
favorite sports team may itself be derived from other parameters of fact or profile inputs
301.1, e.g., from user configuration 402, user online activity 404, calendar / scheduling
functions 410, c¢tc. If the output of decision block 720 is yes, then the algorithm proceeds
to block 730, wherein emotion type code 240b is set to “Excited(3).”

[0066] In addition to rules-based algorithms for selecting emotion type code 240b,
emotion type classification algorithm 450.1 may alternatively or in conjunction utilize
trained algorithms. FIG 8 illustrates an exemplary embodiment 800 of a training scheme
for deriving a trained algorithm for selecting emotion type. Note FIG 8 is shown for
illustrative purposes only, and is not meant to limit the scope of the present disclosure to
any particular techniques for training algorithms for selecting emotion type.

[0067] In FIG 8, during a training phase 801, an algorithm training block 810 is provided
with inputs including a series or plurality of reference fact or profile inputs 301.1%, a

corresponding series of reference previous user inputs 230a*, and a corresponding serics
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of reference emotion type codes 240.1b*. Note a parameter x enclosed in braces {x}
herein denotes a plurality or series of the objects x. In particular, each reference fact or
profile input 301.1* corresponds to a specific combination of settings for fact or profile
inputs 301.1.

[0068] For example, one exemplary reference fact or profile input 301.1* may specify
uscr configuration 402 to include an “extroverted” personality type, user online activity
404 to include multiple instances of online scarches for the phrase “Seahawks,” user
location 408 to correspond to “Seattle” as a city of residence, etc. Corresponding to this
reference fact or profile input 301.1%, a reference user dialog input 230a* may include a
user query regarding latest sports news. In an alternative instance, the reference user
dialog input 230a* corresponding to this reference fact or profile input 301.1* may be a
NULL string, indicating no previous user input. Based on this exemplary combination of
reference fact or profile input 301.1* and corresponding reference user dialog input 230a*,
a reference emotion type code 240.1b* may be specified to algorithm training block 810
during a training phase 801.

[0069] In an exemplary embodiment, the appropriate reference emotion type code 240.1b*
for particular settings of reference fact or profile input 301.1* and user dialog input 230a*
may be supplied by human annotators or judges. These human annotators may be
presented with individual combinations of reference fact or profile inputs and reference
user inputs during training phase 801, and may annotate cach combination with a suitable
emotion type responsive to the situation. This process may be repeated using many human
annotators and many combinations of reference fact or profile inputs and previous user
inputs, such that a large body of training data is available for algorithm training block 810.
Based on the training data and reference emotion type annotations, an optimal set of
trained algorithm parameters 810a may be derived for a trained algorithm that most
accurately maps a given combination of reference inputs to a reference output.

[0070] In an exemplary embodiment, a human annotator may possess certain
characteristics that arc similar or identical to corresponding characteristics of a personality
of a digital assistant. For example, a human annotator may have the same gender or
personality type as the configured characteristics of the digital assistant as designated by,
e.g., system personality 255 and/or digital assistant personality 418.

[0071] Algorithm training block 810 is configured to, in response to the multiple supplied
instances of reference fact or profile input 301.1%*, user dialog input 230a*, and reference

emotion type code 240.1b*, derive a set of algorithm parameters, e.g., weights, structures,
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cocefficients, etc., that optimally map each combination of inputs to the supplied reference
emotion type. In an exemplary embodiment, techniques may be utilized from machine
learning, e.g., supervised learning, that optimally derive a general rule for mapping inputs
to outputs. Algorithm training block 810 accordingly generates an optimal set of trained
algorithm parameters 810a, which is provided to an exemplary embodiment 514.1 of
trained algorithm block 514, such as shown in FIG 5. In particular, block 514.1 sclects
emotion type 240.1b during real-time operation 802 according to trained algorithm
parameters 810a.

[0072] Further provided hereinbelow is an illustrative description of an exemplary
application of techniques of the present disclosure. Note the example is given for
illustrative purposes only, and is not meant to limit the scope of the present disclosure to
any particular sets or types of fact or profile inputs, system responses, or scenarios.

[0073] Mark is a football fan. He always pays attention to news about the National
Football League (NFL). Being a resident of Seattle, his favorite team is the Seattle
Seahawks. Every Sunday, Mark watches football games online using his smartphone, and
discusses players and teams with his friends through online chatting applications. He also
shares his activities and interest on social media applications. A few months ago, when
the Seahawks beat the 49¢rs in overtime, he was very excited and discussed the win
extensively on his social media profile page.

[0074] On a given Monday, the Seahawks are playing the 49ers in San Francisco on
Monday Night Football. Unfortunately, Mark had a dinner with a client, and missed the
game. The dinner was an important meeting for Mark, as he was about to close a business
deal. It turned out that the meeting went very well, and Mark’s proposal was accepted by
the clients. After dinner, on Mark’s drive home, he activated the interactive dialog system
(or digital assistant DA) on his smartphone to engage in a real-time voice conversation.
[0075] Mark: “Hey, it was a great dinner! I sealed the deal. I think Don (Mark's boss) is
going to love this.”

[0076] Digital Assistant (in an upbeat tone of voice): “Excellent! Good to hear.” (DA
Response 1)

[0077] Mark: “So, what about those Seahawks? Tell me!”

[0078] Digital Assistant (in an excited tone of voice): “Guess what, your Seahawks won!
They beat the 49ers 30 to 25. Russell Wilson threw two touchdown passes in the fourth

quarter.” (DA Response 2)
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[0079] Mark: “Wow, that's great. I am sorry I missed this game. I think they will be in
the playoffs again this year!”

[0080] Digital Assistant (continuing in an excited voice, slightly more subdued): “Yes! 1
should just block off your calendar during the playoffs. I don't think you’d want to miss
that!” (DA Response 3)

[0081] The preceding example illustrates several aspects of techniques of the present
disclosure. In particular, the interactive dialog system knows that Mark is a football fan,
and also a Seahawks fan. It obtains this information from, e.g., explicit settings
configured by Mark on his digital assistant, indicating that Mark wants to track football
news, and also that his favorite team is the Seahawks. From online information sources,
the DA is also aware that the Seahawks played that night against their rival team, the San
Francisco 49ers, and that the Seahawks beat them from behind. This enables the DA to
select an emotion type corresponding to an excited tone of voice (DA Response 2) when
reporting news of the Seahawks” win to Mark. Furthermore, based on knowledge of
Mark’s preferences and his previous input, the DA selects an excited tone of voice when
offering to block off time for Mark in his calendar (DA Response 3).

[0082] The dialog system further has information regarding Mark's personality, as
derived from, e.g., Mark’s usage pattern of his smartphone (e.g., frequency of usage, time
of usage, etc.), personal interests and hobbies as indicated by Mark during set up of his
smartphone, as well as status updates to his social media network. In this example, the
dialog system may determine that Mark is an extrovert and a conscientious person based
on machinc¢ Icarning algorithms dcsigned to dcal with a large number of statistics
generated by Mark’s usage pattern of his phone to infer Mark’s personality.

[0083] Further information is derived from the fact that Mark activated the DA system
over two months ago, and that he has since been using the DA regularly and with
incrcasing frequency. In the last weck, Mark intcracted with the DA an avcrage of S times
per day. In an exemplary embodiment, certain emotion type classification algorithms may
infer an increasing intimacy between Mark and the DA due to such frequency of
interaction.

[0084] The DA further determines Mark’s current emotional state to be happy from his
voice. From his use of the calendar / scheduling function on the device, the DA knows
that it is after working hours, and that Mark has just finished a meeting with his client.
During the interaction, the DA identifies that Mark is in his car, e.g.,, from the

hTM

establishment of a wireless Bluetooth ™ connection with the car’s electronics, intervals of
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being stationary following intervals of walking as determined by an accelerometer, the
lower level of background noise inside a car, the measured velocity of movement, etc.
Furthermore, from past data such as location data history matched to time-of-day statistics,
etc., it is surmised that Mark is driving home after dinner. Accordingly, per a
classification algorithm such as described with reference to block 450.1 in FIG 4, the DA
sclects an emotion type corresponding to an upbeat tone of voice (DA Response 1).

[0085] FIG 9 illustrates an exemplary embodiment of a method 900 according to the
present disclosure. Note FIG 9 is shown for illustrative purposes only, and is not meant to
limit the scope of the present disclosure to any particular method shown.

[0086] In FIG 9, at block 910, the method includes selecting, based on at least one fact or
profile input, an emotion type code associated with an output statement, the emotion type
code specifying one of a plurality of predetermined emotion types.

[0087] At block 920, the method includes generating speech corresponding to the output
statement, the speech generated to have the predetermined emotion type specified by the
emotion type code. In an exemplary embodiment, the at least one fact or profile input is
derived from usage of a mobile communications device implementing an interactive
dialog system.

[0088] FIG 10 schematically shows a non-limiting computing system 1000 that may
perform one or more of the above described methods and processes. Computing system
1000 is shown in simplified form. It is to be understood that virtually any computer
architecture may be used without departing from the scope of this disclosure. In different
embodiments, computing system 1000 may take the form of a mainframe computer, server
computer, cloud computing system, desktop computer, laptop computer, tablet computer,
home entertainment computer, network computing device, mobile computing device,
mobile communication device, smartphone, gaming device, etc.

[0089] Computing system 1000 includes a processor 1010 and a memory 1020.
Computing system 1000 may optionally include a display subsystem, communication
subsystem, sensor subsystem, camera subsystem, and/or other components not shown in
FIG 10. Computing system 1000 may also optionally include user input devices such as
keyboards, mice, game controllers, cameras, microphones, and/or touch screens, for
example.

[0090] Processor 1010 may include one or more physical devices configured to execute
one or more instructions. For example, the processor may be configured to execute one or

more instructions that are part of one or more applications, services, programs, routines,

17



10

15

20

25

30

MS 35507202 CA 02967976 2017-05-15
WO 2016/089929 PCT/US2015/063301

libraries, objects, components, data structures, or other logical constructs. Such
instructions may be implemented to perform a task, implement a data type, transform the
state of one or more devices, or otherwise arrive at a desired result.

[0091] The processor may include one or more processors that are configured to execute
software instructions. Additionally or alternatively, the processor may include one or more
hardwarc or firmware logic machines configured to cxecutc hardware or firmware
instructions. Processors of the processor may be single core or multicore, and the
programs executed thereon may be configured for parallel or distributed processing. The
processor may optionally include individual components that are distributed throughout
two or more devices, which may be remotely located and/or configured for coordinated
processing. One or more aspects of the processor may be virtualized and executed by
remotely accessible networked computing devices configured in a cloud computing
configuration.

[0092] Memory 1020 may include one or more physical devices configured to hold data
and/or instructions executable by the processor to implement the methods and processes
described herein. When such methods and processes are implemented, the state of memory
1020 may be transformed (¢.g., to hold different data).

[0093] Memory 1020 may include removable media and/or built-in devices. Memory
1020 may include optical memory devices (e.g., CD, DVD, HD-DVD, Blu-Ray Disc,
etc.), semiconductor memory devices (¢.g., RAM, EPROM, EEPROM, etc.) and/or
magnetic memory devices (e.g., hard disk drive, floppy disk drive, tape drive, MRAM,
etc.), among others. Memory 1020 may include devices with one or more of the following
characteristics: volatile, nonvolatile, dynamic, static, read/write, read-only, random access,
sequential access, location addressable, file addressable, and content addressable. In some
embodiments, processor 1010 and memory 1020 may be integrated into one or more
common devices, such as an application specific integrated circuit or a system on a chip.
[0094] Memory 1020 may also take the form of removable computer-readable storage
media, which may be used to store and/or transfer data and/or instructions executable to
implement the hercin described methods and processes. Memory 1020 may take the form
of CDs, DVDs, HD-DVDs, Blu-Ray Discs, EEPROMs, and/or floppy disks, among
others.

[0095] It is to be appreciated that memory 1020 includes one or more physical devices

b1

that stores information. The terms “module,” “program,” and “engine” may be used to

describe an aspect of computing system 1000 that is implemented to perform one or more
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particular functions. In some cases, such a module, program, or engine may be instantiated
via processor 1010 executing instructions held by memory 1020. It is to be understood that
different modules, programs, and/or engines may be instantiated from the same
application, service, code block, object, library, routine, API, function, etc. Likewise, the
same module, program, and/or engine may be instantiated by different applications,
services, code blocks, objects, routincs, APIs, functions, ctc. The terms “module,”
“program,” and “engine” are meant to encompass individual or groups of executable files,
data files, libraries, drivers, scripts, database records, etc.

[0096] In an aspect, computing system 1000 may correspond to a computing device
including a memory 1020 holding instructions executable by a processor 1010 to select,
based on at least one fact or profile input, an emotion type code associated with an output
statement, the emotion type code specifying one of a plurality of predetermined emotion
types. The instructions are further executable by processor 1010 to generate speech
corresponding to the output statement, the speech generated to have the predetermined
emotion type specified by the emotion type code. In an exemplary embodiment, the at
least one fact or profile input is derived from usage of a mobile communications device
implementing an interactive dialog system. Note such a computing device will be
understood to correspond to a process, machine, manufacture, or composition of matter.
[0097] FIG 11 illustrates an exemplary embodiment of an apparatus 1100 according to the
present disclosure. Note the apparatus 1100 is shown for illustrative purposes only, and is
not meant to limit the scope of the present disclosure to any particular apparatus shown.
[0098] In FIG 11, a classification block 1120 is configured to select, based on at least one
fact or profile input 1120b, an emotion type code 1120a associated with an output
statement 1110a. The emotion type code 1120a specifies one of a plurality of
predetermined emotion types. A text-to-speech block 1130 is configured to generate
speech 1130a corresponding to the output statement 1110a and the predetermined emotion
type specified by the emotion type code 1120a. In an exemplary embodiment, the at least
one fact or profile input 11200 is derived from usage of a mobile communications device
implementing the interactive dialog system.

[0099] Note techniques of the present disclosure need not be limited to embodiments
incorporating a mobile communications device. In alternative exemplary embodiments,
the present techniques may also be incorporated in non-mobile devices, e.g., desktop
computers, home gaming systems, etc. Furthermore, mobile communications devices

incorporating the present techniques need not be limited to smartphones, and may also

19



10

15

20

25

30

MS 35507202 CA 02967976 2017-05-15
WO 2016/089929 PCT/US2015/063301

include wearable devices such as computerized wristwatches, eyeglasses, etc.  Such
alternative exemplary embodiments are contemplated to be within the scope of the present
disclosure.

[00100] FIG 12 illustrates an exemplary embodiment 1200 wherein techniques of the
present disclosure are incorporated in a dialog system with emotional content imparted to
displayed text, rather than or in addition to audible speech. Note blocks shown in FIG 12
correspond to similarly labeled blocks in FIG 2, and certain blocks shown in FIG 2 are
omitted from FIG 12 for ease of illustration.

[00101]In FIG 12, output 250a of language generation block 250 is combined with
emotion type code 240b generated by dialog engine 240 and input to a text to speech
and/or text for display block 1260. In a text to speech aspect, block 1260 generates speech
with semantic content 240a and emotion type code 240b. In a text for display aspect,
block 1260 alternatively or further generates text for display with semantic content 240a
and emotion type code 240b. It will be appreciated that emotion type code 240b may
impart emotion to displayed text using such techniques as, e.g., adjusting the size or font
of displayed text characters, providing emoticons (e.g., smiley faces or other pictures)
corresponding to the emotion type code 240b, ctc. In an cxemplary embodiment, block
1260 alternatively or further generates emotion-based animation or graphical
modifications to one or more avatars representing the DA or user on a display. For
example, if emotion type code 240b corresponds to “sadness,” then a pre-selected avatar
representing the DA may be generated with a pre-configured “sad” facial expression, or
otherwise be animated to express sadness through motion, e.g., weeping actions. Such
alternative exemplary embodiments are contemplated to be within the scope of the present
disclosure.

[00102] In this specification and in the claims, it will be understood that when an element is
referred to as being “connected to” or “coupled to” another element, it can be directly
connected or coupled to the other element or intervening elements may be present. In
contrast, when an clement is referred to as being “directly connected to” or “directly
coupled to” another clement, there are no intervening clements present.  Furthermore,
when an element is referred to as being “clectrically coupled” to another element, it
denotes that a path of low resistance is present between such elements, while when an
element is referred to as being simply “coupled” to another element, there may or may not

be a path of low resistance between such elements.
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[00103] The functionality described herein can be performed, at least in part, by one or
more hardware and/or software logic components. For example, and without limitation,
illustrative types of hardware logic components that can be used include Field-
programmable Gate Arrays (FPGAs), Program-specific Integrated Circuits (ASICs),
5  Program-specific Standard Products (ASSPs), System-on-a-chip systems (SOCs),
Complex Programmable Logic Devices (CPLDs), etc.
[00104] While the invention is susceptible to various modifications and alternative
constructions, certain illustrated embodiments thereof are shown in the drawings and have
been described above in detail. It should be understood, however, that there is no intention
10  to limit the invention to the specific forms disclosed, but on the contrary, the intention is to
cover all modifications, allernative constructions, and equivalents falling within the scope

of the invention.
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CLAIMS:

1. An apparatus for an interactive dialog system, the apparatus comprising:

a semantic content generation block configured to generate an output statement

informationally responsive to a user dialog input;

a classification block configured to select, based on at least one fact or profile input,
an emotion type code to be imparted to the output statement, the emotion type code specifying

one of a plurality of predetermined emotion types; and

a text-to-speech block configured to generate speech corresponding to the output
statement, the speech generated to have the predetermined emotion type specified by the

emotion type code;

wherein the at least one fact or profile input comprises a parameter derived from usage
of a mobile communications device implementing the interactive dialog system, and wherein

the at least one fact or profile input further comprises a digital assistant personality.

2. The apparatus of claim 1, the mobile communications device configured to provide
voice calling and Internet access services, the apparatus further comprising a language
generation block configured to generate the output statement in a natural language, the output
statement having a predetermined semantic content and a specified predetermined emotion

type associated with the emotion type code.

3.  The apparatus of claim 1, the at least one fact or profile input comprising at least one

user configuration parameter directly input by the user to the mobile communications device.

4.  The apparatus of claim 3, the at least one user configuration parameter comprising at
least one of hobbies, interests, personality traits, favorite movies, favorite sports, and favorite

types of cuisine.

5.  The apparatus of claim 3, the at least one fact or profile input further comprising at

least one parameter derived from user online activity using the apparatus.
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6.  The apparatus of claim 5, the at least one parameter derived from user online activity
comprising at least one of Internet search queries, accessed Internet websites, contents of e-mail

messages, and postings to online social media websites.

7.  The apparatus of claim 3, the at least one fact or profile input further comprising at
least one of user location as determined by a position system of the mobile communications
device, contents of user text or voice communications conducted using the mobile
communications device, and at least one event scheduled by the user using a calendar

scheduling function of the mobile communications device.

8.  The apparatus of claim 3, the at least one fact or profile input further comprising at
least one of a current user emotional state, device usage statistics, and online information

résources.

9.  The apparatus of claim 2, the classification block further configured to select the
emotion type code based on user dialog input to the interactive dialog system, the interactive

dialog system being executed by at least one processor of the mobile communications device.

10. The apparatus of claim 2, further comprising a text for display block generating

displayed text corresponding to the output statement in the natural language.
11. The apparatus of claim 10, the natural language being English.

12.  The apparatus of claim 1, the classification block configured to select the emotion type
code using an algorithm comprising at least one functional mapping between the at least one
fact or profile input and a corresponding plurality of reference emotion types, the at least one
functional mapping being derived from machine learning techniques, the algorithm being
trained to map the at least one fact or profile input to an emotion type corresponding to an
emotion type associated with delivery of the output statement by the digital assistant

personality.

13. A computing device including a processor and a memory holding instructions

executable by the processor to:

generate an output statement informationally responsive to a user dialog input;
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select, based on at least one fact or profile input, an emotion type code to be imparted
to the output statement, the emotion type code specifying one of a plurality of predetermined

emotion types; and

generate speech corresponding to the output statement, the speech generated to have

the predetermined emotion type specified by the emotion type code;

wherein the at least one fact or profile input is derived from usage of a mobile
communications device implementing an interactive dialog system, and wherein the at least one

fact or profile input further comprises a digital assistant personality.

14. The computing device of claim 13, the computing device comprising a smartphone

configured to provide voice calling and Internet access services.

15. The computing device of claim 14, the at least one fact or profile input further
comprising at least one of a parameter derived from user online activity using the smartphone,
user location, contents of user text or voice communications, and at least one event scheduled

by the user using a calendar scheduling function of the device.

16. The computing device of claim 14, the at least one fact or profile input further
comprising at least one of a current user emotional state, device usage statistics, and online

information resources.
17. A method comprising:
generating an output statement informationally responsive to a user dialog input;

selecting, based on at least one fact or profile input, an emotion type code to be
imparted to the output statement, the emotion type code specifying one of a plurality of

predetermined emotion types; and

generating speech corresponding to the output statement, the speech generated to have

the predetermined emotion type specified by the emotion type code;

wherein the at least one fact or profile input is derived from usage of a mobile
communications device implementing an interactive dialog system, and wherein the at least one

fact or profile input further comprises a digital assistant personality.
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18.  The method of claim 17, the at least one fact or profile input comprising user location.

19. The method of claim 18, the at least one fact or profile input further comprising at
least one of a user configuration parameter configured by the user, user online activity, user
location, contents of user text or voice communications, and at least one event scheduled by the

user using a calendar scheduling function.

20. The method of claim 18, the at least one fact or profile input further comprising at
least one of a current user emotional state, device usage statistics, and online information

resources.

21. One or more computer-readable media having stored thereon computer executable
instructions that when executed cause a processor to perform the method of any one of claims 17

to 20.
22. An apparatus for an interactive dialog system, the apparatus comprising:

a semantic content generation block configured to generate an output statement
informationally responsive to a user dialog input, the output statement comprising a computer-

generated object to be displayed on a display device;

a classification block configured to select, based on at least one fact or profile input,
an emotion type code to be imparted to the computer-generated object, the emotion type code

specifying one of a plurality of predetermined emotion types; and

a visual generation block configured to generate a digital image representation of the
computer-generated object, the digital image representation generated to have the

predetermined emotion type specified by the emotion type code;

wherein the at least one fact or profile input is derived from usage of a mobile
communications device implementing the interactive dialog system; and further wherein the
classification block is trained by providing a training block with a plurality of reference fact or

profile inputs or previous user inputs derived from a training corpus.

23. The apparatus of claim 22, the digital image representation comprising displayed text
having different font or text size depending on the predetermined emotion type specified by the

emotion type code.
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24. The apparatus of claim 22, the digital image representation comprising an emoticon

having the predetermined emotion type specified by the emotion type code.

25. The apparatus of claim 22, the digital image representation comprising a digital avatar
representing a digital assistant personality, the digital avatar having different graphical
characteristics depending on the predetermined emotion type specified by the emotion type

code.

26. The apparatus of claim 25, the digital avatar being generated with different animations

depending on the predetermined emotion type specified by the emotion type code.

27. The apparatus of claim 22, the at least one fact or profile input comprising at least one

user configuration parameter directly input by the user to the mobile communications device.

28. The apparatus of claim 22, the at least one fact or profile input further comprising at

least one parameter derived from user online activity using the apparatus.

29. The apparatus of claim 28, the at least one parameter derived from user online activity
comprising at least one of Internet search queries, accessed Internet websites, contents of e-mail

messages, and postings to online social media websites.

30. The apparatus of claim 22, the at least one fact or profile input further comprising at
least one of user location as determined by a position system of the mobile communications
device, contents of user text or voice communications conducted using the mobile
communications device, and at least one event scheduled by the user using a calendar

scheduling function of the mobile communications device.

31. The apparatus of claim 22, the classification block further configured to select the
emotion type code based on the user dialog input to the interactive dialog system, the interactive

dialog system being executed by at least one processor of the mobile communications device.

32. A computing device including a processor and a memory holding instructions

executable by the processor to:

generate an output statement informationally responsive to a user dialog input, the

output statement comprising a computer-generated object to be displayed on a display device;
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select, based on at least one fact or profile input, an emotion type code to be imparted
to the computer-generated object, the emotion type code specifying one of a plurality of

predetermined emotion types; and

generate a digital image representation of the computer-generated object, the digital
image representation generated to have the predetermined emotion type specified by the

emotion type code;

wherein the at least one fact or profile input is derived from usage of a mobile
communications device implementing an interactive dialog system, and further wherein the
classification block is trained by providing a training block with a plurality of reference fact or

profile inputs or previous user inputs derived from a training corpus.

33. The computing device of claim 32, the digital image representation comprising
displayed text having different font or text size depending on the predetermined emotion type

specified by the emotion type code.

34. The computing device of claim 32, the digital image representation comprising a
digital avatar representing a digital assistant personality, the digital avatar having different
graphical characteristics depending on the predetermined emotion type specified by the emotion

type code.

35. The computing device of claim 34, the digital avatar being generated with different

animations depending on the predetermined emotion type specified by the emotion type code.

36. The computing device of claim 32, the computing device comprising a smartphone

configured to provide voice calling and Internet access services.

37. The computing device of claim 35, the at least one fact or profile input further
comprising at least one of a parameter derived from user online activity using the smartphone,
user location, contents of user text or voice communications, and at least one event scheduled

by the user using a calendar scheduling function of the device.
38. A method comprising:

generating an output statement informationally responsive to a user dialog input, the

output statement comprising a computer-generated object to be displayed on a display device;
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selecting, based on at least one fact or profile input, an emotion type code to be
imparted to the computer-generated object, the emotion type code specifying one of a plurality

of predetermined emotion types; and

generating a digital image representation of the computer-generated object, the digital
image representation generated to have the predetermined emotion type specified by the

emotion type code;

wherein the at least one fact or profile input is derived from usage of a mobile
communications device implementing an interactive dialog system, and further wherein the
classification block is trained by providing a training block with a plurality of reference fact or

profile inputs or previous user inputs derived from a training corpus.

39. The method of claim 38, the digital image representation comprising displayed text
having different font or text size depending on the predetermined emotion type specified by the

emotion type code.

40. The method of claim 38, the digital image representation comprising an emoticon

having the predetermined emotion type specified by the emotion type code.

41. The method of claim 38, the digital image representation comprising a digital avatar
representing a digital assistant personality, the digital avatar having different graphical
characteristics depending on the predetermined emotion type specified by the emotion type

code.

42.  The computing device of claim 32, the digital image representation comprising an

emoticon having the predetermined emotion type specified by the emotion type code.

43.  One or more computer-readable media having stored thereon computer executable
instructions that when executed cause a processor to perform the method of any one of claims 38

to41.
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