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[0001]

VEHICLE PERSONAL ASSISTANT

input comprises a request for information; in response to

BACKGROUND

determining that the human-generated conversational spoken
natural language input comprises a request for information,

With advances in automotive technology and

greater consumer sophistication, cars today are equipped

with increasingly complex functions and features. Many
people learn about these features by trial and error rather than
by taking the time to thumb through the pages of a printed
owner’s manual or to look up information on the lntemet.
Another current option is to subscribe to a live call center

based service such as ONSTAR, but this can be expensive,

particularly for simple questions or information requests. In
short, the options available to drivers to understand the fea
tures of their vehicles have not kept pace with the technologi
cal complexity of today’s cars. As a result, vehicle features
that may be very helpful to a vehicle user may remain
underused or not used at all.

SUMMARY

classify the request for information as one of a plurality of

question types; and respond to the question based on the

question type.
[0007] The conversational spoken natural language-en
abled interactive vehicle user’ s guide may determine whether

the received human- generated conversational spoken natural
language input comprises an instruction and, in response to

determining that the human-generated conversational spoken
natural language input comprises an instruction, perform an
action.

[0008] The vehicle-speci?c knowledge base may include
geospatial tags associated with data relating to components of
the vehicle. The spoken natural language-enabled interactive
vehicle user’s guide may interpret the human-generated con
versational spoken natural language input based on the

geospatial tags.
[0009] The spoken natural language-enabled interactive

According to at least one aspect of this disclosure, a

vehicle user’s guide may respond to the human-generated

conversational spoken natural language-enabled interactive

conversational spoken natural language input by presenting

[0002]

vehicle user’s guide embodied in one or more machine read

factual information corresponding to the particular make,

able storage media is executable by a computing system to

model, and options of the vehicle in a conversational fashion
without presenting information that is not applicable to the

receive human-generated spoken natural language input
relating to a component of a vehicle. The human-generated
spoken natural language input relates to one or more of:
factual information about the vehicle component, the opera
tion of the vehicle component, and a vehicle-related event
currently or recently occurring in the vehicle. The conversa

particular make, model and options of the vehicle.
[0010] The spoken natural language-enabled interactive
vehicle user’s guide may receive non-verbal user-generated

tional spoken natural language-enabled interactive vehicle
user’s guide is also executable to interpret the human-gener
ated spoken natural language input based on other received

the non-verbal user- generated input, and interpret the human

input comprising one or more of a gesture, a gaze, a touch, a

facial expression and user-generated digital media, interpret
generated conversational spoken natural language input
based on the interpreted non-verbal user- generated input.

human-generated input; conduct a search based on the inter

[0011] The spoken natural language-enabled interactive

preted human-generated spoken natural language input using

vehicle user’s guide may receive further human-generated

a vehicle-speci?c knowledge base, the vehicle-speci?c
knowledge base comprising factual information about the

natural language input and provide a response to the further

vehicle; and based on a result of the search, present a response

human-generated input.

input relating to the human-generated conversational spoken

to the human-generated spoken natural language input in a

[0012] The spoken natural language-enabled interactive

conversational fashion.

vehicle user’s guide may determine whether further human

[0003] The conversational spoken natural language-en

generated input is needed to respond to the human- generated
conversational spoken natural language input and solicit fur
ther human-generated input in response to determining that
further human-generated input is needed.
[0013] The spoken natural language-enabled interactive

abled interactive vehicle user’ s guide may determine whether

the human-generated spoken natural language input relates to
a dialog comprising one or more previously-received human

generated spoken natural language inputs and, in response to
determining that the human-generated spoken natural lan
guage input relates to the dialog, interpret the human-gener
ated spoken natural language input based on one or more of

the previously-received human-generated spoken natural lan
guage inputs.
[0004] The conversational spoken natural language-en
abled interactive vehicle user’s guide may convert the

vehicle user’s guide may receive real-time vehicle-related
sensor inputs and vary the response to the human-generated
conversational spoken natural language input based on the
real-time vehicle-related sensor inputs.

[0014] The spoken natural language-enabled interactive
vehicle user’s guide may determine, based on the real-time
vehicle-related sensor inputs, whether the vehicle is turned

received human- generated conversational spoken natural lan

on, and vary the response to the human-generated conversa

guage input into a machine-readable format and interpret the

tional spoken natural language input based on whether the

converted human-generated conversational spoken natural
language input using a vehicle-speci?c conversation model.
[0005] The conversational spoken natural language-en

vehicle is turned on.

[0015] The spoken natural language-enabled interactive

human-generated conversational spoken natural language

vehicle user’s guide may determine, based on the real-time
vehicle-related sensor inputs, whether the vehicle is moving,
and vary the response to the human-generated conversational
spoken natural language input based on whether the vehicle is

input based on the real-time vehicle-related sensor input.

moving.

abled interactive vehicle user’s guide may receive real-time
vehicle-related sensor input from the vehicle and interpret the

[0006] The conversational spoken natural language-en

[0016] The spoken natural language-enabled interactive

abled interactive vehicle user’ s guide may determine whether

vehicle user’s guide may receive real-time vehicle-related

the human- generated conversational spoken natural language

sensor inputs and vary the manner in which the response to
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the human- generated conversational spoken natural language
input is presented based on the real-time vehicle-related sen
sor inputs.

[0017] The spoken natural language-enabled interactive
vehicle user’s guide may determine, based on the real-time
vehicle-related sensor inputs, whether the vehicle is turned
on, and vary the manner in which the response to the human

generated conversational spoken natural language input is
presented based on whether the vehicle is turned on.

and/or a facial expression. The vehicle personal assistant may
interpret the further human- generated input based on the cur
rent vehicle-related context.

[0023] The vehicle personal assistant may determine a cur
rent vehicle-related context of the further human-generated
input based on the real-time sensor input, and may interpret
the further human-generated input based on the current

vehicle-related context of the further human-generated input.
The real-time sensor input may indicate a current status of a

[0018] The spoken natural language-enabled interactive

feature of the vehicle. The real-time sensor input may provide
information about a current driving situation of the vehicle,

vehicle user’s guide may determine, based on the real-time
vehicle-related sensor inputs, whether the vehicle is moving,

tion, fuel status, and/ or weather information.

and vary the manner in which the response to the human

generated conversational spoken natural language input is
presented based on whether the vehicle is moving. The spo
ken natural language-enabled interactive vehicle user’ s guide

including vehicle location, vehicle speed, vehicle accelera

[0024] The vehicle-speci?c knowledge base may provide
information about the make, model, features or functions of
the vehicle. The vehicle personal assistant may omit from the

reply information that is not applicable to the make, model,

may determine, based on the human-generated conversa
tional spoken natural language input, whether to access an
approved third-party data source or a non-approved third
party data source to conduct the search. The spoken natural

features, or functions of the vehicle. The vehicle personal
assistant may use the vehicle-speci?c knowledge base to

language-enabled interactive vehicle user’s guide may
respond to the human- generated conversational spoken natu
ral language input by presenting a combination of machine

time sensor input from a vehicle network of the vehicle. The

generated spoken natural language output and visual output.
[0019]

According to at least one aspect of this disclosure, a

vehicle personal assistant embodied in one or more machine

readable storage media is executable by a computing system
to receive human-generated conversational spoken natural
language input relating to a component of a vehicle; receive
real-time sensor input relating to a current state of the vehicle
component; use the real-time sensor input to interpret the

interpret the human-generated input.
[0025]

The vehicle personal assistant may obtain the real

real-time sensor input may relate to a current status of an

engine, a transmission, a safety feature, a security feature, a
navigation feature, a climate control feature, an entertainment
feature, an instrument panel-mounted feature, a steering
wheel mounted feature, and/or an environment feature of the
vehicle. The vehicle personal assistant may calculate a
derived value based on the real-time sensor input.

BRIEF DESCRIPTION OF THE DRAWINGS

human-generated input; apply a vehicle-speci?c knowledge

[0026] This disclosure is illustrated by way of example and
not by way of limitation in the accompanying ?gures. The

base to generate a reply to the interpreted human-generated

?gures may, alone or in combination, illustrate one or more

input, the reply comprising information relating to the vehicle

embodiments of the disclosure. For simplicity and clarity of

component; and present the reply in response to the human

illustration, elements illustrated in the ?gures are not neces
sarily drawn to scale. For example, the dimensions of some
elements may be exaggerated relative to other elements for

generated input.
[0020]

The vehicle personal assistant may determine a cur

rent vehicle-related context of the human-generated input

clarity. Further, where considered appropriate, reference

based on the real-time sensor input. The vehicle personal
assistant may determine the current vehicle-related context
by comparing the real-time sensor input to a stored vehicle

labels may be repeated among the ?gures to indicate corre

sponding or analogous elements.

context template. The vehicle personal assistant may interpret
the human-generated input based on the current vehicle-re
lated context. The vehicle personal assistant may determine

embodiment of a vehicle personal assistant, which, among
other things, is capable of interfacing with a person, a vehicle
network, and a vehicle-related search realm;

whether to search another data source based on the current
vehicle-related context.

[0028] FIG. 2 is a simpli?ed ?ow diagram of at least one
embodiment of a method by which the vehicle personal assis

[0027]

FIG. 1 is a simpli?ed module diagram of at least one

tant of FIG. 1 may engage in a conversational interaction with

[0021] The vehicle personal assistant may select a reply
from a plurality of possible replies based on the current
vehicle-related context. The vehicle personal assistant may
select a presentation mode from a plurality of possible pre
sentation modes based on the current vehicle-related context

and present the reply using the selected presentation mode.
The plurality of possible presentation modes may include

machine-generated conversational spoken natural language,
text, recorded audio, recorded video, and/or digital images.
[0022] The vehicle personal assistant may receive further
human-generated input in response to the reply and determine
whether to generate another reply based on the further
human-generated input and the current vehicle-related con
text. The further human- generated input may include conver

a person to provide information;
[0029] FIG. 3 is a simpli?ed ?ow diagram of at least one
embodiment of a method by which the vehicle personal assis
tant of FIG. 1 may proactively initiate a dialog with a person
based on real-time vehicle-related inputs;
[0030] FIG. 4 is a simpli?ed ?ow diagram of at least one
embodiment of a method by which the vehicle personal assis
tant of FIG. 1 may proactively initiate a dialog with a person
based on user input and vehicle-related inputs;
[0031] FIG. 5 is a simpli?ed ?ow diagram of at least one
embodiment of a method by which the vehicle personal assis
tant of FIG. 1 may process conversational and other inputs

generated by a person;

sational spoken language input and/ or non-verbal input. The

[0032] FIG. 6 is a simpli?ed ?ow diagram of at least one
embodiment of a method by which the vehicle personal assis

non-verbal input may include a gesture, a gaze, a touch,

tant of FIG. 1 may provide output to a person;
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[0033]

FIG. 7 is a simpli?ed block diagram ofan exemplary

computing environment in connection with which at least one
embodiment of the vehicle personal assistant of FIG. 1 may

[0039]

A number of different human-generated inputs 102

may be involved in a dialog between a person and the vehicle

personal assistant 112. Generally, the vehicle personal assis

be implemented; and

tant 112 processes and responds to conversational spoken

[0034] FIG. 8 is a simpli?ed perspective view of at least one
embodiment of the vehicle personal assistant of FIG. 1 engag
ing in an exemplary conversational interaction with a vehicle
driver.

natural language (voice) inputs 152, but it may consider other
input forms that may be generated by the user, alternatively or

human-generated inputs 102 may include gestures (e. g., body

DETAILED DESCRIPTION OF THE DRAWINGS

movements) 154, gaze (e.g., location and/or duration of eye
focus) 156, touch (e.g., pressing a button or turning a dial)

[0035] While the concepts of the present disclosure are
susceptible to various modi?cations and alternative forms,
speci?c embodiments thereof are shown by way of example
in the drawings and are described in detail below. It should be
understood, however, that there is no intent to limit the con

cepts of the present disclosure to the particular forms dis
closed, but on the contrary, the intention is to cover all modi

?cations, equivalents, and alternatives consistent with the
present disclosure and the appended claims.
[0036] Referring to FIG. 1, a vehicle personal assistant 112
is embodied in a computing system 100 as computer soft
ware, hardware, ?rmware, or a combination thereof. As
described in detail below, the computing system 100 or por
tions thereof may be embodied as an in-vehicle computing

system (e. g., an “in-dash” system), a mobile computing
device (e.g., a smart phone or tablet computer), other com
puting devices (e.g., desktop or server computers), or a com

bination of any of these. The vehicle personal assistant 112
can engage in a conversational dialog with a person, such as
a driver or occupant of a vehicle 104, relating to a variety of

components and features of the vehicle 104. By “conversa
tional dialog,” we mean that the vehicle personal assistant 1 12
can engage in one or more communicative exchanges (e.g., a

dialog with multiple rounds) with a person in relation to a

vehicle-speci?c topic, feature, component or event. As such,
the vehicle personal assistant 112 can determine whether
current input from a person relates to a current or previous
round of the same conversation or constitutes the beginning of
a new conversation. Various embodiments of the vehicle per
sonal assistant 112 are con?gured so that the dialog can be

in addition to the voice inputs 152. Such other forms of

158, facial features or expressions (e.g., whether the user

appears alert, sleepy, or agitated) 160, media (e.g., text, pho
tographs, video, or recorded sounds supplied by the user) 162,
and/or others. Generally speaking, the inputs 102 may
include any variety of human-initiated inputs. For example,
the inputs 102 may include deliberate or “active” inputs that
are intended to cause an event to occur at the computing

system 100 (e.g., the act of touching a button control or saying
a speci?c voice command). The inputs 102 may also include
involuntary or “passive” inputs that the user may not
expressly intend to result in a system event (such as a non

speci?c vocal or facial expression, tone of voice or loudness).

[0040]

The vehicle personal assistant 112 applies auto

mated speech recognition, natural language processing, and/
or other arti?cial intelligence-based methods, for example, to

interpret the human-generated inputs 102 and determine the
user’s likely goal or intent with regard to his or her current
interaction with the vehicle personal assistant 112. Based on

its analysis of the inputs 102 (which may be informed by the
real-time vehicle related inputs 110), the vehicle personal
assistant 112 looks for relevant information in a vehicle

speci?c user’s guide knowledge base 140 and/or a vehicle
related search realm 142.
[0041] The vehicle-related search realm 142 refers to a
body of digital content that may be stored on the computing

system 100 and/or other computing devices. The vehicle
related search realm 142 may include approved third party
sources 144 (e.g., a vehicle manufacturer’s authorized web

site or other web sites that have been of?cially sanctioned by
the manufacturer) and/ or other third party sources 146 (e. g.,

initiated either by the person or in a proactive, autonomous

“unof?cial” sources such as YOUTUBE videos, vehicle-re

manner by the vehicle personal assistant 112.
[0037] The vehicle personal assistant 112 intelligently con

vehicle-related search realm 142 may include data sources

siders human-generated inputs 102 as well as, in some cases,

that are accessible by the computing system 100 via a network
(e.g., the Internet) alternatively or in addition to data sources

real-time vehicle-related inputs 110. The inputs 110 are gen
erated by or derived from vehicle sensors 106 from time to

time during operation of the vehicle 104, and are made avail
able to the vehicle personal assistant 112 by a vehicle network
108. The real-time vehicle-related inputs 110 are automated
in the sense that overt action by the user of the vehicle per

sonal assistant 112 is not required in order for the inputs 110
to be generated by the vehicle 104 and made available to the
computing device 110 by way of the vehicle network 108.
[0038] By “intelligently,” we mean that the vehicle per
sonal assistant 112 can apply automated arti?cial intelligence

classi?cation and/or reasoning techniques, for example, to
resolve ambiguous, con?icting, and/ or voluminous inputs
102, 110 and to facilitate conversational interaction between
a person and the vehicle personal assistant 112. Through its

lated blogs, TWITTER feeds, and the like). As such, the

that are more directly accessible or local to the computing
system 100. In some cases, the vehicle-related search realm
142 may be limited to data sources that are associated with

speci?c vehicle manufacturers or suppliers, while in other
cases the vehicle-related search realm 142 may include a wide
variety of Intemet-accessible sources of content.

[0042] Based on the results of its search, the vehicle per
sonal assistant 112 provides suitable output in a conversa

tional, spoken natural-language manner, or employs another
presentation style that it considers appropriate for the current
context as gleaned from the inputs 102 and/or the real-time
vehicle-related inputs 110. In these and other ways, the
vehicle personal assistant 112 can enhance the driving expe
rience by allowing the user to interact with vehicle-related

context of a dialog in which it is engaged with a person in

sources of information 140, 142 in a natural, humanlike fash
ion that is convenient and appropriate for the vehicle context.
[0043] In more detail, the illustrative vehicle personal

order to improve its understanding of the person’s goal or
intent with respect to the dialog.

assistant 112 is embodied as a number of computerized mod
ules and data structures, which include: a human-generated

intelligent analysis of the inputs 102, 110, the vehicle per
sonal assistant 112 can determine or “infer” a likely current
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input monitor 128, a human input recognizer/interpreter 130,
a vehicle-speci?c conversation model 132, an input classi?er
134, a reasoner 136, an information retrieval engine 138, the

vehicle-speci?c user’s guide knowledge base 140, an output
generator 148, presentation logic 150, a vehicle input monitor

[0047] Some embodiments of the vehicle-speci?c conver
sation model 132 include a standard, general-language

speech model (e.g., English, German, Japanese, etc.), while
other embodiments additionally include a vehicle-speci?c or

task-adapted vocabulary and ontology. That is, some embodi

114, a vehicle context model 116, and a context analyzer 126.
It should be appreciated that these modules and data struc

ments of the vehicle-speci?c conversation model 132 include

tures are de?ned as such for discussion purposes, and are not

describe or ask about the various features, components, and

intended to imply that any speci?c implementation details are
required. For example, any of these modules and data struc
tures may be combined or divided into submodules, subpro
cesses or other units of computer code or data as may be

required by a particular design or implementation of the
vehicle personal assistant 112.
[0044] The human-generated input monitor 128 detects
and receives human-generated inputs 102 from time to time
during the operation of the vehicle personal assistant 112. The
human-generated input monitor 128 may run continuously
(e. g., as a background process), or may be invoked or termi
nated by a user on demand (e. g., by pressing a button control

words and phrases that are commonly used by people to
functions of their vehicles, as well as semantic information

that describes the meaning of those words and phrases, their
properties, and relationships between or among the various
words and phrases in the vocabulary. For example, while a
typical owner’s manual may refer to a “turn indicator” and a
“fuel tank,” the more common terms used by humans in

conversation may be “turn signal” and “gas tank,” respec
tively. In this case, the vehicle-speci?c conversation model
132 may contain links between the terms “turn indicator” and

“turn signal,” and “fuel tank” and “gas tank,” respectively.
[0048] The vehicle-speci?c conversation model 132 may
be adapted or customized based on user demographics or

or saying a speci?c keyword). In other words, the vehicle

other criteria. For example, people in certain geographic

personal assistant 112, and thus the human-generated input

regions of the world may refer to fuel as “petrol” rather than
“gas” or “gasoline,” and so the ontology may include asso
ciations among these terms. In some embodiments, standard

monitor 128, can be con?gured to monitor the inputs 102
irrespective of whether the vehicle personal assistant 112 is
installed in the vehicle 104 and whether or not the vehicle 104

is in operation. Additionally, the user may choose whether to
allow the vehicle personal assistant 112 to make use of certain
of the human-generated inputs 102 but not others. For
example, the user may allow the vehicle personal assistant
112 to monitor voice inputs 152 but not facial features or

expressions 160.
[0045] The input recognizer/interpreter 130 converts the

(now existing or later-developed) arti?cial intelligence
machine learning techniques, for example, may be employed
by the vehicle personal assistant 112 to adapt the vehicle
speci?c conversation model 132 to the user’s personal lan
guage style and preferences over time.
[0049] The illustrative vehicle-speci?c conversation model
132 also includes an acoustic model that is appropriate for the
in-vehicle environment as well as other possible environ

human-generated inputs 102 into a text or otherwise com
puter-readable format that can form the basis of a search for

ments in which the vehicle personal assistant 112 may be used

information. To process spoken natural-language input 152,

etc.). As such, the acoustic model is con?gured to account for
noise and channel conditions that are typical of these envi
ronments, including road noise as well as background noise
(e.g., radio, video, or the voices of other vehicle occupants or
other persons outside the vehicle). Additionally, some
embodiments of the acoustic model are con?gured for the

the illustrative input recognizer/interpreter 130 may include

standard (now existing or later-developed) speech recogni
tion software, such as DYNASPEAK, available from SRI

International. The speech recognition software may interface
with a vehicle-speci?c language model 170 to analyze and
convert the spoken input 152 into text-based words, word
strings, phrases, or expressions (e.g., “chunks” or “sen

tences”).
[0046]

Some embodiments of the input recognizer/inter

(such as a garage, a car wash, a line at a drive-thru restaurant,

speaking style (e. g., tone, intonation, pace, accent, etc.) asso
ciated with the demographics of the intended user, in terms of
age, gender, or regionalisms, for example. This is not to say
that a particularly sophisticated or complex acoustic model is

preter 130 may include a standard (now existing or later

required; rather, a standard (now existing or later-developed)

developed) natural language processor. The natural language

high-bandwidth acoustic model is suitable in many embodi

processor may apply syntactic, grammar, and/ or semantic
rules, which may be stored in an NLP portion 172 of the
vehicle-speci?c conversation model 132, to the text produced
by the speech recognition engine, to parse and/ or annotate the

ments.

text in order to better understand the user’ s intended meaning

[0050] To process other forms of human-generated inputs
102, the input monitor 128 includes similarly suitable soft
ware-based algorithms and methods. For example, gestures
154, gaze 156, touch 158, and facial features or expressions

of the uttered speech. For example, the input recognizer/

160 can be captured and recorded by an in-vehicle camera (or

interpreter 130 may determine that a user has spoken the word
“light” and that the user likely intends to refer to an indicator

multiple such cameras), which may be mounted, for instance,

light that is currently blinking on the instrument panel of the
vehicle 104, rather than a headlight or an interior dome light

of the vehicle 104. The input reco gnizer/ interpreter 130 may
include a natural language understanding component, such as

the GEMINI Natural-Language Understanding System,
available from SRI International, for parsing and semantic
interpretation. A toolkit such as the SRI Language Modeling
Toolkit, available from SRI International, may be used to
create portions of the vehicle-speci?c conversation model
132 (e.g., a statistical language model).

to a rearview mirror, steering wheel, dashboard, or sun visor

of the vehicle 104. Standard (now existing or later developed)
computer vision and image processing techniques can be
used to analyze the recorded inputs 102 and produce seman

tically meaningful computer-readable information there
from. Some examples of multi-camera sensor systems for
user gaze tracking are described in US. patent application

Ser. No. 13/158,109 to Senanayake et al., ?led Jun. 10,2011,
and US. patent application Ser. No. l3/399,210 to Senanay
ake et al., ?led Feb. 17, 2012. Some examples of suitable

gesture recognition techniques include standard (now exist

May 15, 2014

US 2014/0136187 A1

ing or later developed) real-time human action recognition

high-level human language terminology with certain gestures

tation of the input 102 to infer the user’s most probable
intended meaning of the input 102. To do this, the reasoner
136 applies a probabilistic or statistical model (using, e.g.,
Bayesian modeling), which may be stored in the rules/tem
plates 124 portion of the vehicle context model 116 (de
scribed below). The probabilistic or statistical model includes
data relating to the likelihood, probability, or degree of con
?dence or certainty with which particular inputs 102 are
associated with particular meanings based on the context.
[0055] For example, certain inputs 102 may have a different

154, gaze 156, touch 158, and facial 160 inputs. Some tech
niques for deriving semantic information from digital media

meaning depending on whether the vehicle 1 04 is turned on or
off, whether the user is situated in the driver’s seat or a

are described in Sawhney et al., U.S. patent application Ser.
No. l3/484,520, ?led May 31, 2012. Some additional

passenger seat, whether the user is inside the vehicle, standing

examples of digital media analysis methods and techniques
are described in Cheng et al., U.S. Pat. No. 7,835,578 (ana

assistant 112 from a computer located inside a home or of?ce,
or even whether the user is driving the vehicle 104 at rela

lyzing video and automatically generating semantic descrip

tively high speed on a freeway as opposed to being stuck in

tions) and Wixson, U.S. Pat. No. 6,037,976 (determining

traf?c or on a country road. For instance, if the vehicle per
sonal assistant 112 detects that it is connected to the vehicle
104 and the vehicle 104 is powered on, the reasoner 136 can

methods, such as those that use two- or three-dimensional

digital images or video, gesture recognition methods now
embodied in commercially-available software such as FLUT
TER APP (which uses a web cam), and/or others. Media 162

can also be analyzed using standard (now existing or later

developed) image processing techniques. To derive meaning
from such inputs 102, the vehicle-speci?c conversation
model 132 may include a semantic model that associates

ambient conditions such as fog, haze, etc., from images or

video).
[0051]

In the vehicle context, multiple different forms of

inputs 102 may occur at the same time or in rapid succession.

For example, the vehicle driver may be speaking and gestur
ing with one hand while his or her eyes are focused on the road

ahead. Some embodiments of the vehicle personal assistant
112 may employ a multi-agent software framework or similar
software architecture, in which multiple software agents are
used to handle the various streams of inputs 102 that may be
generated by the user. Some examples of such frameworks are
described in Cheyer et al., U.S. Pat. Nos. 6,859,931 and

7,069,560.

outside the vehicle, or simply accessing the vehicle personal

obtain speci?c information about the vehicle 104 (e.g., the
particular make, model, and options that are associated with
the vehicle’s VIN or Vehicle Identi?cation Number). Such
information can be obtained from the vehicle manufacturer

and stored in a vehicle-speci?c con?guration 122 portion of
the vehicle context model 116. The reasoner 136 can supple

ment the inputs 102 with such information, so that any

responses provided by the vehicle personal assistant 112 are
tailored to the con?guration of the vehicle 104 and omit
inapplicable or irrelevant information (rather than simply
reciting generic statements from the printed version of the

[0052] In the vehicle context, e?icient processing of the
inputs 102 can be critical, as information requested by the

owner’s manual).

user may only be relevant or desired during a short period of
time. For example, a vehicle driver may simply give up on an

involve geospatial references, such as inputs 102 that refer to

inquiry if an answer is not received within a reasonable

amount of time, particularly if his or her attention is focused
on driving the vehicle. The input classi?er 134 analyzes the
computer-readable representations of the inputs 102 as pre

pared by the input recognizer/interpreter 130, and classi?es
the inputs 102 according to rules or templates that may be
stored in the vehicle-speci?c conversation model 132 or the
vehicle context model 116, described below.
[0053] Such classi?cations are, in general, based on the
degree of speci?city of the inputs 102 as well as the type of

inquiry associated with the inputs 102. For example, direct,
fact-based questions for which an answer can be provided
fairly quickly (such as questions that have a yes or no answer,

or “what is?” questions) may be classi?ed differently than

questions that require a more complicated explanation (such
as “how-to” questions) or questions that are possibly ambigu

[0056]

The reasoner 136 can also resolve inputs 102 that

a vehicle instrument or indicator based on its location relative
to a known reference point in three-dimensional space, or

another discriminating characteristic, but without actually
naming the item (e.g., “the dial just to the left of the naviga
tion screen,” or “the button with the wavy orange line”). To do
this, the illustrative reasoner 136 obtains potentially relevant

geospatial information from the vehicle-speci?c user’s guide
knowledge base 140 and reconciles the inputs 102 therewith
based on a probabilistic and/or statistical model, to determine
the mo st likely intended meaning of the inquiry and a suitable
response thereto.
[0057] In some cases, of course, the reasoner 136 may not
arrive with suf?cient con?dence at a determination of the
meaning of the inputs 102 or a suitable response. In these
instances, the reasoner 136 may ask the user for further clari

?cation (e.g., by engaging in a question-and-answer spoken
language dialog), or may consult other (e.g., non-verbal)

ous unless further information is obtained. The manner in

inputs 102 to try to further clarify the intended meaning

which inputs 102 are classi?ed may be used to determine
whether a suitable response can be quickly found in the

without bothering the user with a follow-up question or dia
log. For example, the reasoner 136 may look to gesture 154 or

vehicle-speci?c user’ s guide knowledge base 140, or whether

gaze 156 inputs to help clarify the current intent of the user’s

sources in the vehicle-related search realm 142 may need to

voice inputs 152. In these and other ways, the reasoner 136

be searched, alternatively or in addition to the knowledge

increases the likelihood that any responses provided by the

base 140.
[0054] If the classi?er 134 determines that an input 102 is

vehicle personal assistant 112 are appropriate and relevant to

“situation-aware,” that is, the input 102 may have a different

102.
[0058]

the user’s current intended meaning and goal of the inputs
Some embodiments of the reasoner 136 may include

meaning depending on the current context, the reasoner 136
considers the current context as determined by the context

a standard (now existing or later-developed) spoken dialog

analyzer 126, described below, and incorporates the most

manager module, which keeps track of the current state and

likely relevant aspects of the current context into the interpre

?ow of each conversation or dialog that occurs between the
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user and the vehicle personal assistant 112. The dialog man
ager module may interface with a dialog portion 174 of the

Thus, in some cases, the information retrieval engine 138 may
only search the index and not the full body of available con

vehicle-speci?c conversation model 132, to apply dialog
managing rules, templates, or task ?ows, for example, to the

tent 140, 142. Notwithstanding the potentially domain-spe
ci?c query generation and query expansion features, the illus

input 102 that are appropriate for the vehicle context. For

trative engine 138 is otherwise domain-independent and as

example, the dialog model 174 may include vehicle-speci?c

such, can accommodate new or updated information about

rules for determining when a conversation has started or
ended, or for determining whether a current input 102 is

the vehicle 104 (e.g., if the vehicle-speci?c user’s guide

related to other inputs 102. Such other inputs may include

knowledge base 140 is updated or new third party sources
144, 146 are added to the vehicle-related search realm 142).

inputs 1 02 that have been received in one or more prior rounds

[0062]

of the same dialog and/or inputs 102 that have been received

user’s guide knowledge base 140, the knowledge base 140 is

around the same time as the current input 102, and may
include one or more non-verbal inputs 154, 156, 158, 160,
and/or 162. As an example, in the vehicle context, a rule for
determining whether a conversation has ended may allow for

a computer-accessible data structure that may include one or
more indexed or otherwise searchable stores of vehicle-re

longer pauses between portions of a user’s input 102, based
on the likelihood that the user’ s attention to the dialog may be

interrupted by the need to focus on the driving situation.
[0059] Further, the dialog model 174 may include rules for
determining when to generate a response to user input 102, or
for determining whether an input 102 is related to any
recently-received real-time vehicle-related inputs 110. As an
example, the dialog model 174 may include a rule that a new
input 102 is related to a previous input 102 if it contains at
least one common word or if it is received within a prede?ned

period of time after the ?rst input 102. Along the same lines,
the dialog model 174 may include a rule that an input 102 is
the start of a new dialog if the input 102 contains a word that
was not present in previous inputs 102 and is not a synonym
or abbreviation of any word in the previous inputs 102, or if

the input 102 is received after a prede?ned period of time has
elapsed since the last input, or if the input 102 includes a

Referring in more detail to the vehicle-speci?c

lated knowledge (e.g., databases, lookup tables, or the like),
each of which contains or references data, arguments, param
eters, and/ or machine-executable algorithms that can be
applied by the informational retrieval engine 138 to a search

request (e. g., processed input 102 or a generated search
query). The knowledge base 140 may include all of the con
tent (and perhaps more) typically found in a vehicle owner’s
manual, including text, graphics, video, as well as conversa

tional spoken natural-language representations of the text,
graphics, and/ or video found in the vehicle owner’s manual.

For example, in some embodiments, the spoken natural-lan
guage representations include a collection of answering sen
tences, which correspond to common vehicle-related inquir
ies, and may be ranked or otherwise scored for relevancy in
determining an appropriate response to an input 102.
[0063] The illustrative knowledge base 140 includes a set
of common vehicle-related question and answer pairs 180
that can be used to respond to direct, fact-based inquiries from
the user. For example, vehicle users may be likely to ask

speci?c utterance by the user, such as “this is a new question.”
[0060] The information retrieval engine 138 executes a

questions about the vehicle’s tires, and so the question and

search based on the key aspects of the interpreted, classi?ed,
and context-enhanced (as needed) inputs 102. In some cases,
execution of a search by the engine 138 may simply involve
?nding one or more pre-de?ned question-and-answer pairs in
the knowledge base 140 that most closely match the pro

associated with the words “tire” and “tires.” Such answering

ces sed input 102. Alternatively or in addition, the information
retrieval engine 138 may include a query generation module,
which formulates a computer-executable search query based

on the interpreted, classi?ed, and context-enhanced (as
needed) inputs 102. In some embodiments, a standard (now
existing or later developed) bag-of-words model is used to
develop the query based on the processed inputs 102. Stan
dard (now existing or later developed) query expansion, stem
ming and/ or stop -word removal methods may be employed to
further re?ne or develop the search query. Query expansion
may involve, for example, resolving technical terms and acro
nyms such as ABS (anti-lock braking system).
[0061]

The engine 138 may execute one or more search

algorithms across the vehicle-speci?c user’s guide knowl
edge base 140, the vehicle-related search realm 142, and/or
portions thereof, using the search query. To do this, the illus
trative engine 138 employs standard (now existing or later

answer pairs may include a number of answering sentences

sentences may include “the recommended tire pressure for
the front tires is 33 psi” and “the tires should be rotated every

5,000 miles.”
[0064] The knowledge base 140 also includes a trouble
shooting portion 182, which includes annotations or tags that
identify portions of the user’s guide that likely relate to
troubleshooting, such as explanations that are likely to be
useful when something goes wrong in the vehicle and infor
mation about vehicle features that might be confusing to
vehicle users. This may include information about certain
features of the vehicle that may be non-intuitive or confusing

simply because they are used infrequently. For example,
vehicle users may be likely to wonder about safety features
such as window locks that prevent rear-seat windows from

being rolled down, and thus, explanations of these features
may be included in the trouble-shooting portion 182.
[0065] The trouble-shooting portion 182 may also include
information that can be used to respond to “how-to” ques
tions. For example, the user may start a dialog with a question,
“how often should my tires be rotated?” to which the vehicle

developed) techniques for querying and determining content

personal assistant 112 responds with an answering sentence
“every 5,000 miles is recommended.” Realizing that the user

similarity. For example, in some embodiments, the informa

needs to rotate his or her vehicle’ s tires, the user may then ask,

tion retrieval engine 138 uses a combination of term fre

“how do I rotate the tires?” to which the vehicle personal
assistant 112 responds with a more detailed explanation or

quency and inverse document frequency algorithms (e.g., a
modi?ed tf-idf algorithm), and/or semantic similarity com
putational techniques, to create and continuously update an
index of words that appear to be most important to or favored

by the user, and stores that index in the knowledge base 140.

interactive tutorial gleaned from the trouble-shooting portion
182, e.g., “move the left front wheel and tire to the left rear,
the right front to the right rear, the left rear to the right front
and the right rear to the left front.” In this case, the dialog
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developed techniques), such as machine-executable key

manager described above may insert pauses between each of
the steps of the tutorial, to wait for af?rmation from the user
that the step has been completed or to determine whether the
user needs additional information to complete the task.

word, text, and/or meta data search algorithms, as discussed
above.
[0070] In some embodiments, the vehicle-speci?c user’s

[0066] In some cases, the dialog manager may refer to
real-time vehicle-related inputs 110 to determine if the user

derstandable characterizations of the real-time vehicle-re
lated inputs 110, so that the sensor data or other information

has performed the task correctly, and interrupt the dialog if
the inputs 1 10 indicate that user has performed the task incor
rectly. For example, a user may begin a dialog with the vehicle

personal assistant 1 12 by asking why the indicator with excla
mation point and slanted line is illuminated. The vehicle
personal assistant 112 may respond by informing the user that
the tire pressure is low in one of the tires. The user may then

ask “which tire is low?” and the vehicle personal assistant 112
may refer to real -time inputs 110 to determine which tire has
the low pressure and respond “the right front tire.” If the user

then proceeds to begin ?lling the left rear tire with air (as
determined from the real-time inputs 110), the vehicle per

guide knowledge base 140 includes “high-level” human-un
obtained from the vehicle network 108 can be understood at
the user’ s level and/ or linked or associated with other data in

the knowledge base 140, based on a common understanding
of the data. In other embodiments, the vehicle context model

116, described below, stores, interprets, and/or otherwise
manages such associations of real-time vehicle-related inputs
110 with high-level representations thereof. In some embodi
ments, portions of the vehicle-related search realm 142, such
as the approved third party sources 140 and the other third
party sources 142, may be indexed and searched in a similar
manner and have a similar structure to the vehicle-speci?c

sonal assistant 112 may then state that “it’ s the right front tire

user’s guide knowledge base 140.
[0071] Once a search has been executed by the engine 138,

that needs air,” with emphasis on the words “right” and
“front.”

the output generator 148 applies answer extraction tech
niques to score the search results using, e.g., statistical mod

[0067]

The knowledge base 140 also includes “context

eling, select one or more of the results, and extract the most

aware” rules and/or tags 184 that are associated with portions
of the user’s guide that are likely to be context-dependent,
such as descriptions of elements on the instrument panel and
information about features that are particularly context-sen
sitive (such as traction control or anti-lock braking systems).

relevant portions for presentation to the user. Alternatively,

For instance, the context-aware portion 184 may include the
geospatial tags mentioned above and/or associations of real
time inputs 110 with corresponding information in the user’ s
guide. As an example, the context-aware portion 184 may

verbal) inputs 102, or simply report to the user that a suitable
result has not been found (although that is typically the least

include a table that maps real-time inputs 110 to vehicle
features or components, or other words with which they may

result from a set of candidate results include those that are

be associated (e.g., “tires: tire pressure” or “gas tank: fuel
level” or “rain: traction control signal”).

[0068]

The knowledge base 140 may be supplied by the

manufacturer of the vehicle in connection with the purchase
of a car. In some cases, the knowledge base 140 may be part

of a larger knowledge base of the vehicle manufacturer, to
which the vehicle manufacturer grants access upon validation
of the user. For example, the vehicle manufacturer may create
and maintain (e.g., as a “cloud” service) a master knowledge

base containing the requisite data for all of its vehicle models,

the output generator 148 may determine that none of the
search results is similar enough to the search request. In that
case, the output generator 148 may re?ne and re-execute the
search query, ask the user for or analyze other (e.g., non

desirable outcome).
[0072]

Some suitable techniques for extracting a search

based on in-domain semantic similarity of the search query to
the candidate results (e. g., the degree to which a question or

phrase spoken by the user is semantically similar to a pre
formulated answering sentence). For instance, where a num
ber of answering sentences may be relevant, the output gen
erator 148 analyzes the statistical similarity of each of the
candidate answering sentences to the input question or phrase
(e.g., the search query), ranks the candidates based on the
statistical similarity, and then selects the candidate or candi

dates with the highest ranking. Further, the output generator
148 may perform a similar analysis on the selected candidate,
itself, so that only the most pertinent parts of the selected

of which the knowledge base 140 is a part.

result are presented to the user. In this way, the output gen

[0069] Information contained in the vehicle-speci?c user’ s
guide knowledge base 140 may be tailored to the speci?c

erator 148 endeavors to identify and produce content from the
knowledge base 140 and/or the search realm 142 that is both

make, model, and options of the vehicle 104. For example, if

concise and highly responsive to the inputs 102.
[0073] If the output generator 148 has identi?ed output to
be presented to the user, the presentation logic 150 interfaces
with the context analyzer 126, described below, to determine

the vehicle 104 does not have heated seats, the knowledge
base 140 may omit phrases such as “On vehicles that have
heated seats,” from answering sentences that are associated
with questions about the operation of the vehicle seats. The

illustrative vehicle-speci?c user’s guide knowledge base 140
also includes metadata, geospatial tagging, and/or annota
tions to associate material in the knowledge base 140 with
real-time inputs 110, and/or other tags or markups to enable
effective searching and retrieval. Further, some embodiments
of the vehicle-speci?c user’s guide knowledge base 140 may
include references or links (e.g., hyperlinks) to information
posted at third party sources 144, 146 of the vehicle-related
search realm 142. The knowledge base 140 may be con?g
ured for searching and sorting in a number of ways using

currently available techniques (or similarly suitable later

a suitable presentation mode or style in which to present the

output given the current context. The presentation logic 150
then formulates the output according to the selected presen
tation mode or style and presents the output to the user in that
form. For example, if the output is to be presented in a (sys

tem-generated) natural-language format, a natural-language
generator 176 may be used to generate a natural-language

version of the computer-based representation of the output.
Where the output is an answering sentence retrieved from the

knowledge base 140, the natural-language generator 176 may
not be needed. However, search results that are obtained from
the vehicle-related search realm 142 may be translated into a
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natural-language form by the natural-language generator 176
if the presentation logic 150 determines that natural language
is the appropriate or most desirable form in which to present

speedometer on the vehicle instrument panel for the user. The
reasoner 136 uses geospatial tags in the knowledge base 140
to determine that the light the user is referring to is an indi

the output. If the presentation logic 150 further determines
that spoken natural-language is an appropriate form in which

rounds of the dialog having occurred in rapid succession, the

cator that the parking brake is turned on. Based on the ?rst two

to present the output, a speech synthesizer 178 may be used to

output generator 148 determines that there is no need to repeat

convert natural-language text generated by the natural-lan
guage generator 176 (or even the un-processed output) to

the “next to the speedometer” portion of the input 152 in the

speech (e. g., machine-produced speech using a human
voice). Altematively or in addition, the output may be visu
ally presented (e.g., as text, graphics, or video) on a display
screen of the computing system 100 or another display screen
(e. g., a dash-mounted display screen inside a vehicle).

[0074]

As noted above, the presentation logic 150 may vary

characteristics of the output based on the current vehicle

context. For example, the presentation logic 150 may vary the
loudness with which the output is presented, according to the
degree of road noise or the amount of noise inside the vehicle,
as detected by the vehicle sensors 106. As another example,

the presentation logic may formulate and present the output
using graphics or video, which may be displayed on an in
dash display screen of the vehicle 104, if the vehicle trans
mission is in “Park” mode or if the vehicle speed is very slow

(possibly indicating that the user is stuck in traf?c), whereas
a spoken language response may be selected, so as to mini
mize distraction to the driver, if the vehicle is traveling at a
higher speed or along a curvy road. As a further example, if it

appears to the context analyzer 126 (described below) that the
user has been driving very slowly for a long period of time
(possibly indicating that the driver may be frustrated at being
stuck in traf?c), the presentation logic 150 may vary the
system-generated voice or speaking tone used to present the
output (to, perhaps, have a calming effect on the driver) or
change some other aspect of the presentation mode or style.
[0075] To illustrate one example of the operation of and

interplay between the modules 128, 130, 134, 136, 138, 148,
and 150, suppose that a person driving a vehicle asks the

vehicle personal assistant 112, “What is that?” The human

generated input monitor 128 detects the speech input 152.
The input recognizer/interpreter 130 recognizes the speech
152 as a question that probably relates to something that is

output, and selects as the best response a phrase that simply
says, “that’s the parking brake indicator.” Given that the user

is actively driving the vehicle 104, the presentation logic 150
may determine that synthesized spoken natural language out
put is the most appropriate mode for presenting the response,
and present the response in that form.

[0077] Next, the modules 128, 130, 134 may identify
speech input 152 that says, “why is that light on?” The rea
soner 136 determines that this input 152 is a continuation of

the same dialog about the parking brake indicator, based on
the continued use of the words “that” and “light” by the user.
The input classi?er 134 classi?es this input 152 as a “trouble
shooting” inquiry based on the use of the word, “why.”
Accordingly, the information retrieval engine 138 is used to
locate parts of the troubleshooting section 182 of the knowl
edge base 140 that relate to the parking brake. The output

generator 148 extracts the phrase “your parking brake is on”
from the knowledge base 140 and the presentation logic 150
presents this response to the user.

[0078] Next, the modules 128, 130 identify speech 152 that
says, “how do I turn it off?” Here, the reasoner 136 determines

that “it” relates to the previous rounds of dialog (e.g., the
previous spoken inputs of the user) and associates “it” with
the term, “parking brake.” Based on the classi?er 134’s clas
si?cation of the input 152 as a “how-to” question, the infor
mation retrieval engine 138 decides to search approved third
party sources 144 in addition to the knowledge base 140, for
an explanation that can be conveyed to the user in a manner

that is appropriate for the current vehicle context. The output
generator 148 extracts from the search results a step-by-step
tutorial explaining how to turn the parking brake off while
driving. The presentation logic 150 converts the tutorial to

synthesized spoken natural language and presents the output
to the user.

currently happening in the vehicle 104. However, without

[0079]

additional information, the question is hard to answer. The
input reco gnizer/interpreter 130 may interface with the user/
vehicle context analyzer 126 to see if the current vehicle

dialog between the vehicle personal assistant 112 and the user
can be enhanced at different points by knowledge of the
current vehicle context. The vehicle personal assistant 112

context can be used to help interpret the input 152, as
described further below. In some cases, the input recognizer/
interpreter 130 may solicit further clari?cation from the user

time vehicle-related inputs 110. Accordingly, the vehicle
input monitor 114 monitors for and receives the real-time

As indicated throughout the above discussion, the

obtains information about the current context from the real

by issuing a natural-language request for clari?cation. In
other cases, the modules 136, 138, 148, 150 may proceed with
an attempt to respond to the user’s inquiry (with, perhaps,
consideration of any applicable non-verbal inputs 102), and

whether a particular indicator light is on or off, whether a

present a number of candidate responses or options from

particular vehicle feature is on, off, or not working normally

vehicle-related inputs 110 from the vehicle network 108. The
inputs 110 may include raw sensor data generated by the
vehicle sensors 106, such as electronic signals that indicate

which the user may select the most relevant one.

(e.g., headlights, anti-lock braking, cruise control, etc.), the

[0076] Next, the input monitor 128 detects speech input

absolute fuel level in the fuel tank, various pressure readings
(e.g., tire pressure, oil pressure, etc.), the outside temperature,

152 that says, “that light next to the speedometer, what is

that?” The input recognizer/ interpreter 130 interprets the
words “light,” “next to,” and “speedometer.” The input clas
si?er 134 classi?es the input 152 as a request for information.
The reasoner 136 determines that this input 152 is related to

the previously-received input, and thus the two inputs are
related to the same dialog, based on the repeated use of the

phrase, “what is that.” Accordingly, the reasoner 136 deter
mines that the best response is to identify the light next to the

compass readings, geographic location data, and/or others.
The inputs 110 may, alternatively or in addition, include
information that is calculated or determined by an in-vehicle

computer and made available to the vehicle network 108 by
the in-vehicle computer. Such values may include, for

example, average vehicle speed, distance to empty fuel tank,
collision detection information (e.g., whether the vehicle has
experienced an impact), nearby obstacle distance (e.g., dis
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tance to nearest object as interpreted by a rearview backup
camera), and/ or other information.
[0080] In some embodiments, the vehicle input monitor

114 may be automatically launched by the vehicle personal
assistant 112 when the vehicle personal assistant 112 detects
that it is connected to a vehicle that is turned on. In other

cases, the operation of the vehicle input monitor 114 may be
invoked or terminated by an explicit action of the user; that is
to say that the user may choose whether or not to allow the

vehicle personal assistant 112 to make use of the vehicle

related inputs 110.
[0081] The vehicle input monitor 114 stores certain of the
inputs 110 and/ or information relating thereto in the vehicle
context model 116. For example, in cases where the real-time
vehicle-related inputs 110 include a steady stream of data
over time, the vehicle input monitor 114 may apply program

well as other data indicating various aspects of the current
operation of the vehicle 104, which are typically displayed on
the instrument panel or another location in the near vicinity to
the driver. Such data may include, for example, the current

vehicle speed, acceleration, fuel tank status, cardinal direc
tion (compass), inside and/or outside temperature, weather
conditions, geographic location, time of day, and/ or others.
[0085] The driving situation portion 120 may include cal
culated information that is often associated with the current
driving situation, but which may not be displayed to the user
in the vehicle cabin. Such information may include indica

tions of changes in vehicle speed, changes in degree of turn of
the steering wheel, frequency and/ or intensity of braking, rate
of fuel consumption, and/or other information. Such infor
mation may be used by the user/vehicle context analyzer 126
to make inferences about the user’s current driving behavior

ming logic to identify inputs 110 that appear to be of interest,

or emotional state. For instance, a series of short accelerations

and store only those inputs 110 in the vehicle context model
116. As an example, if an input 110 indicates that a particular
indicator light on the instrument panel of the vehicle 104 has
recently turned on after being off for a long period of time, the
vehicle input monitor 114 may store this information in the

and braking activity or sudden turns of the steering wheel may
correspond to a template 124 for a fatigued, agitated or
impaired driver. Such a template 124 may be paired with a
corresponding rule 124 that suggests possible actions to be
performed by the vehicle personal assistant 1 12 in response to
the driver’s current condition. Some possible responses of the
vehicle personal assistant 112 may be to suggest that the

vehicle context model 116. Additionally, as a result of such

analysis, the vehicle input monitor 1 14 may associate a higher
weight value or ranking with inputs 110 whose values have
recently changed, so that those inputs 110 receive greater
consideration by the context analyzer 126 in determining the
current context.

[0082] The vehicle context model 116 is a computer-acces
sible data structure that stores real-time vehicle-related inputs
110 and/or other data relating thereto. As mentioned above,
such other data may include high-level human-understand
able characterizations of the inputs 110, which can be used to
link the inputs 110 with information in the vehicle-speci?c
user’s guide knowledge base 140. As such, the vehicle con
text model 11 6 may include one or more indexed or otherwise

searchable data stores (e.g., databases, lookup tables, or the

like).
[0083] The vehicle context model 116 may be continuously
or periodically updated by the vehicle input monitor 114. As
such, at any given point in time, the vehicle personal assistant
112 may access the vehicle context model 116 to determine,
for example, stored sensor data and/or derived or calculated

data. For example, in some instances, a dialog between the
user and the vehicle personal assistant 112 may require direct
sensor data stored in the vehicle context model 116; while in
other instances, calculated or derived data may be required. In
some embodiments, the vehicle personal assistant 112 may
utilize the real-time vehicle related inputs 1 10 directly; that is,
without using the vehicle context model 116. Moreover, in
some cases, the vehicle context model 116 may continue to

store “outdated” inputs 110 and/or data relating thereto for a
speci?ed or predetermined amount of time. Such inputs 110
can enable the vehicle personal assistant 112 to respond to

driver pull over at the next rest stop and take a break, or call a
loved one to come pick them up. In some embodiments, the

vehicle personal assistant 112 may be programmed to go
ahead and initiate some further action, e.g., make a phone
call, send a text message, or post a social media update, if the
user fails to respond to the suggestion and continues driving
in the same manner. For example, the vehicle personal assis
tant 112 may be programmed to automatically contact a teen

age driver’s parents (e.g., by cellular phone or text message)
if the driving situation does not change after a pre-de?ned
period of time. As another example, wear and tear informa
tion relating to the driving situation may be recorded over
time and stored or communicated to other computing systems
for later use (e.g., for maintenance reminders).

[0086]

Alternatively or in addition, the driving situation

portion 120 may include other information that relates to the
current driving situation but does not pertain directly to a
feature or function of the vehicle 104. Such information may
include exterior temperature, weather conditions, map, traf

?c, location, navigational information, or nearby venues.
Such information may be obtained from a Global Positioning

System (GPS) or from mobile device software applications,

for example. The vehicle-speci?c con?guration 122 may
include the vehicle 104’s speci?c make, model, and options
information, as mentioned above.
[0087] The illustrative vehicle context model 116 also
includes a rules/templates portion 124. The rules and/ or tem

plates 124 are used by the context analyzer 126 to interpret
and determine the current context based on the real-time

events or conditions that have occurred in the recent past, in

inputs 110 and/or other information stored in the portions
118, 120, 122 ofthe vehicle context model 116. For example,

addition to those that are currently happening.
[0084] Illustratively, the vehicle context model 116 con
tains a vehicle state portion 118, a driving situation portion

the rules and/or templates 124 may contain arguments or
parameters to which the inputs 110 are compared, in order to
determine an aspect of the current vehicle state or driving

120, and a vehicle-speci?c con?guration portion 122. The

situation. Such a comparison may indicate, for example,

vehicle state portion 118 includes direct sensor data regard

ing, for example, the current operational state of the vehicle
104. Some examples of information that may be stored in the

whether the fact that a certain indicator light has turned on
means that there is a serious problem with the vehicle 104,
whether the user is currently speeding, or whether the user is

vehicle state portion 118 include the status of various indica
tor lights located on the vehicle 104’s instrument panel, as

stuck in traf?c. Additionally, the rules and/or templates 124
may indicate appropriate suggestions that the vehicle per
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sonal assistant 112 may offer to the user based on the current

classi?es the input 102 as an information request, the method

context. For example, a rule may say that if the inputs 110
indicate that the vehicle 104 is approaching a school zone and
the vehicle speed is more than 25 miles per hour, the vehicle
personal assistant 112 may suggest that the driver slow down.
[0088] The rules and/ or templates 124 are, at least initially,
general in nature and based on determinations that have been

200 proceeds to block 206, at which the type of information
request is determined. If the method 200 classi?es the input

previously made (through, e.g., historical data, research,
crowd-sourcing techniques, etc.) about the meaning of the
various real-time inputs 110. The rules and/ or templates 124
may be determined according to a broad population of vehicle
users, or set according to the user’ s demographic information
and/ or other pertinent factors. In some cases, the rules and/or

102 as a conditional instruction, an illustrative method 400 is

performed. The method 400 is described below with refer
ence to FIG. 4.

[0092] At block 206, the method 200 determines the type of
information request that is being asked by the user. To do this,

the method 200 may analyze the speech input 1 02, looking for
“what,” “when,” “why,” or “how” indicators. For example, if
the input 102 begins with the word “what,” or “how often” the
method 200 may determine that the information request is for

direct, factual information. If the input 102 begins with the

templates 124 can be selected, con?gured and/ or modi?ed by
vehicle manufacturer or the user, for example. Further, in
some embodiments, automated machine learning techniques
may be used to modify and adapt the rules and/ or templates
124 over time, in accordance with the user’ s personal lifestyle

vehicle feature on or off. Alternatively or in addition, the input
102 may be classi?ed as “context aware” if it is lacking

or driving habits.

certain speci?c details.

[0089]

The user/vehicle context analyzer 126 interfaces

with the vehicle context model 116 to determine various
aspects of the current context based on the real-time vehicle

related inputs 110. That is, the context analyzer 124 compares
the inputs 110 and/or other data stored in the portions 118,
120, 122 of the vehicle context model 116 to the rules and/or
templates 124 to determine the current context of the vehicle

and identify suggestions or actions that may be performed by
the vehicle personal assistant 112 in response thereto. The
context analyzer 124 provides the current context information
to the modules 128, 130, 134, 136, 138, 148, 150 as needed.
For example, the input monitor 128 may use the current
context information to ?lter out certain of the user- generated

inputs 102. The input recognizer/interpreter 130 may use the
current context information to improve its understanding of
the meaning of an input 102. The reasoner 136 may use the
current context information to determine whether to ask the
user to clarify an input 102. The engine 138 may use the
current context information to expand or enhance the search
query, or to determine which data sources 140, 142 to search
with a search query. The output generator 148 may use the
current context information to identify system-generated out

put that is likely to be the most relevant to the inputs 102. The
presentation logic 150 may use the current context informa
tion to vary the presentation of the output, as discussed above.
These examples represent just a few of the many ways in
which the current context information provided by the con
text analyzer 126 can be used to enhance the dialog between
the vehicle personal assistant 112 and the user.
[0090] Referring now to FIG. 2, an illustrative method 200
executable as computerized programs, routines, logic and/or
instructions by one or more of the various modules of the
vehicle personal assistant 112 to enable a conversational dia
log between a user and the vehicle personal assistant 112 is
shown. At block 202, the method 200 receives and processes
an input 102. In doing so, the method 200 determines the

meaning, intent, and goal or objective of the input 102 in
requesting a response from the vehicle personal assistant 112.
Further details of block 202 are described below with refer
ence to FIG. 5.

word “why,” or “how,” the method may determine that the
information request is for a more lengthy explanation of why
a component is not working or a tutorial on how to turn a

[0093] At block 210, the method 200 determines whether
any real-time vehicle-related inputs 110 can be used to clarify
the meaning of the input 102 or to respond to the input 102. If
not, the method 200 advances to block 214, at which the
method 200 formulates a search request without the use of

any real-time vehicle-related inputs 110. If the method 200
determines that inputs 110 can be used to clarify the meaning
of the input 102, the method 200 determines the current
vehicle context at block 210. To do this, the method 210
analyzes the real-time vehicle-related inputs 110 and/ or other
information stored in the vehicle context model 116, at block
212, and compares such context information to pre-estab
lished rules and/or templates 124 as described above.
[0094] At block 214, the method 200 formulates a com
puter-executable search based on the (context-enhanced, as

needed) input 102. As noted above, a bag-of-words model
may be used, e.g., to parse the non-super?uous words of

conversational spoken language input and generate a search
query. Further, the method 200 may expand the input 102 to
include, for example, synonyms, acronyms, and pseudo-syn
onyms. In other embodiments, more sophisticated query

generation methods may be employed. The speci?c format of
the computer-executable query is largely dependent on the
implementation technology. For example, the query may be
generated using a special-purpose query language for rela

tional databases (e.g., Structured Query Language (SQL),
MySQL, etc.), a general programming language (e.g., C,
C++, Java, Perl, etc.), and/or other technologies.
[0095] At block 216, the method 200 retrieves information
related to the search request. In doing so, at blocks 218 and
220, the method 200 may search the vehicle-speci?c user’s
guide knowledge base 140 and/or one or more third party
sources within the vehicle-related search realm 142 (e.g., the
approved third party sources 140 and/or the other third party
sources 142). The method 200 may determine which source
(s) to utilize based on the context of the query. For example,
if the user asks a question that may be answered by the vehicle
owner’s manual (e. g., “How often should I change my wind
shield wipers?”), the method 200 may primarily or exclu

sively consult or search the vehicle-speci?c user’s guide

[0091] At block 204, the method 200 determines whether
the input 102 most closely resembles a question to which an
answer is sought (a “request for information”) or a statement
or command instructing the vehicle personal assistant 112 to

knowledge base 140 for the answer. However, if the user asks
a question that is beyond the scope of the owner’s manual

do something (a “conditional instruction”). If the method 200

search the third party sources 142 for the answer.

(e.g., “Should I use synthetic oil?”), the method 200 may
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At block 222, the method 200 determines whether

speci?c user’s guide knowledge base 140. Similarly, the

further clari?cation or additional information is needed from
the user to provide a suitable response to the input 102. If the
method 200 determines the further clari?cation is unneces
sary, the method provides output to the user at block 226.
Further details of block 226 are described below with refer
ence to FIG. 6. If further clari?cation is needed, the vehicle
personal assistant 112 prompts the user for clari?cation or

vehicle personal assistant 112 may compare certain aspects of

[0096]

otherwise obtains additional inputs 102, at block 224.
[0097] In some embodiments, the method 200 determines

the vehicle context to information contained in or obtained

from the third party sources 142, at block 310.As an example,
inputs 110 may include exterior temperature and/or moisture

readings. From the vehicle context model 116, the method
300 may determine that the inputs 110 indicate rain or fog.
The method 300 may then consult the knowledge base 140 to
look up information on how to turn on the vehicle’ s fog lights.

tional information using simple, clear, system-generated spo

Alternatively or in addition, and depending on the current
driving context, perhaps, the method 300 may locate a video
demonstration of how to use the fog lights in the third party
sources 142. In this example, the method 300 may proceed to,
in the subsequent blocks of the method 300, present a noti?
cation to the user to suggest that the fog lights be turned on. Of
course, in some cases, the method 300 may not identify any
information in any of the available sources that may be per

ken natural language. Additionally, in some embodiments,

tinent to the current context, in which case the method 300

the method 200 may consider whether the user is the driver or
a passenger in determining how to prompt the user for clari

current context.

how to prompt the user for clari?cation based on the current

vehicle context. For example, if the vehicle 104 is parked, the
method 200 may prompt the user via spoken natural lan
guage, text, graphic, and/ or video. However, if the vehicle
104 is moving fast or driving conditions are poor, the method
200 may opt to prompt the user for clari?cation and/or addi

simply continues monitoring the inputs 1 10 for changes to the

?cation. The method 200 may similarly adapt its user prompts

[0101]

to other contexts. The method 200 then returns to block 202 to
await continuation of the dialog, or the start of a new dialog,

suggestion or informational content has been identi?ed at
block 306 that appears to pertain to the current context. In
doing so, the method 300 may consult a probabilistic or
statistical model as described above, to determine the likely
relevance of the identi?ed content to the current context. If
not, the method 300 returns to block 302 and continues moni

by the user.
[0098] At block 228, the method 200 may receive and store
user feedback. For example, the method 200 may store or

otherwise track the inquiries, requests, and/or responses of
the user to the various outputs supplied by the vehicle per
sonal assistant 112 over the course of a dialog. The method
200 may treat and interpret such feedback in the same manner
as any of the human-generated inputs 102. That is to say, the

user’s feedback may be in any of the forms 152, 154, 156,
158, 160, 162 and/or other forms that can be processed by the
vehicle personal assistant 112. In some cases, the method 200
may store feedback-related templates or rules in the vehicle

speci?c conversation model 132, for example, which the
method 200 may use to interpret and determine the meaning
of future inquiries, requests, and responses made by the user.

At block 312, the method 300 determines whether

toring the vehicle context while the vehicle is powered on
(and as long as the vehicle personal assistant 112 is in use).

[0102] If, however, potentially context-relevant suggestion
or informational content has been identi?ed at block 306, the
method 300 provides the output to the user at block 226, as

discussed above in connection with FIG. 2. That is, the
vehicle personal assistant 112 provides a proactive sugges
tion, noti?cation, or informational message to the user based
on the current context, at block 226. For example, the vehicle
personal assistant 112 may offer a suggestion or reminder

using system-generated conversational spoken natural lan

The method 200 then returns to block 202 as described about.

guage, based on a comparison of current conditions to infor

Thus, the method 200 can continue the vehicle-related dialog

mation in the knowledge base 140, such as current temporal

with the user in response to the user’s feedback. It should be

conditions (e. g., change oil every three months, change wind

noted that for ease of discussion, blocks 210, 212, 226, and
228 of FIG. 2 may be repeated in FIGS. 3 and 4, where the
features of those blocks are applicable to the methods 300,

ditions (e.g., tire air pressure, fuel level, etc.). Additionally,

shield wipers every six months, etc.) or sensor-speci?c con

400.

the vehicle personal assistant 112 may utilize the context
model 116 and/or vehicle knowledge base 140 to provide

[0099] In some embodiments, the vehicle personal assis
tant 112 may proactively generate suggestions for the user

example, the vehicle personal assistant 112 may suggest that

based on the current vehicle context. Referring now to FIG. 3,
an illustrative method 300 executable as computerized pro
grams, routines, logic and/or instructions by one or more of
the various modules of the system 100 in an autonomous or

suggestions related to matters that are more complex. For

the user should accelerate more slowly if the inputs 110
indicate that traction control is turned on, or that the user

vehicle-related inputs 110, is shown. At block 302, the
method 300 determines whether the vehicle 104 is powered

should prepare to stop if the inputs 110 indicate that vehicle
104 is approaching a traf?c light or stop sign.
[0103] At block 316, the method 300 determines whether
the user has actively or passively responded to the output
presented at block 226 (e.g., whether any additional inputs
102 have been detected). If so, the method 300 may continue

on (based on, e.g., one or more real-time vehicle-related

the dialog by performing a question-and-answer session with

inputs 11 0). If the method 3 00 determines that the vehicle 1 04
is powered on, the method 300 establishes or otherwise deter

the user at block 318. That is, upon receiving a suggestion
from the vehicle personal assistant 112, the user may respond
with a follow-up question or statement. For example, the

proactive fashion to initiate a dialog between the vehicle
personal assistant 112 and the user, based on real-time

mines the current vehicle context at blocks 210, 212 as

described above.

[0100]

At block 306, the method 300 analyzes the vehicle

context. In doing so, at block 308, the method 300 may
compare certain aspects of the current vehicle context to
portions of the vehicle context model 116 and/ or the vehicle

vehicle personal assistant 112 may suggest, “You should
change your transmission ?uid,” in which the user may
respond “Why?” In such a circumstance, the vehicle personal

assistant 112 may respond explaining, for example, “The
vehicle owner’s manual indicates that your transmission ?uid
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should be changed every 30,000 miles,” or “The ?uid sensor

approved third party sources 144 and/or the other third party

indicates that your transmission ?uid is too viscous or adul

sources 146. The method 400 may retrieve information
related to the conditional instruction from these sources in a
manner similar to which it uses to retrieve information in

terated.” In the fog light example above, the user may respond
to the suggestion to turn on the fog lights with a question,
“How do I turn on the fog lights?” to which the vehicle

personal assistant 112 may respond, “Flip the switch to the
left of the steering wheel.”
[0104]

At block 228, the method 300 may receive and store

response to other (e.g., Q&A) inputs 102. However, rather
than extracting an answer to a question from the vehicle

knowledge base 140, the method 400 may extract data or
information associated with the condition and/or action com

user feedback as discussed above in connection with FIG. 2.

ponents of the conditional instruction. For example, if the

If the method 300 does not detect any input 102 at block 316
or after block 228, the method 300 returns to block 302 to
continue monitoring the current vehicle context. The lack of
a user response to the system-generated output of block 226
may also be noted and stored in computer memory, at block
228.
[0105] Referring now to FIG. 4, the method 400, which is

user requests the vehicle personal assistant 112 to “Remind
me when I need to change my transmission ?uid,” the vehicle

personal assistant 112 may retrieve data indicating the pre
ferred ?uid change schedule for the vehicle 104 (e.g., every

30,000 miles) from the knowledge base 140. Additionally,

instructions by one or more of the various modules of the

vehicle personal assistant 112 may interpret “remind me” as
requiring a spoken natural-language reminder, based on the
vehicle-speci?c conversation model 132.
[0109] The method 400 then stores the interpreted condi

computing system 100 to proactively initiate a dialog with the

tional instruction in a manner that allows it to be checked as a

user in response to task and/ or condition-based user input 102

condition against the current context. For example, the
method 400 may periodically (e.g., each time the odometer
reading changes) check whether the current odometer reading

executable as computerized programs, routines, logic and/or

and real-time vehicle-related inputs 110, is performed. A
human-generated input 102 may be classi?ed as a conditional
instruction at block 206 of FIG. 2, if the input 102 contains a

is a multiple of 30,000, and notify the user when such an event

task or condition and an action to be performed if the task or

occurs. The method 400 may cause a condition ?ag to be set

condition is satis?ed. For example, the user may request the
vehicle personal assistant 112 to “Tell me where the closest
gas station is if I am running out of gas.” In some embodi

any time a user-speci?ed condition is satis?ed, and, when the
condition ?ag is set, ask the user whether they wish to cancel
or modify the conditional instruction. In some embodiments,

ments, the vehicle personal assistant 112 may classify this
spoken language input as a conditional instruction because

the method 400 may determine whether to delete or renew a

there is both a condition (i.e., running out of gas) and an action
associated with the condition (i.e., identify the nearest gas

itself. That is, the method 400 may determine whether the

station).

an ongoing request requiring noti?cation each time the con

[0106] In response to the conditional instruction, the
method 400 may track the inputs 110 relating to the vehicle

dition occurs.

104’s fuel level and notify the user of the nearest gas station
when the fuel reaches a certain level. To do this, the method

ciated with the action to be performed by the vehicle personal

400 may interpret the phrase “running out of gas” as meaning
“less than 1/s of a tank” (based, e.g., on data or rules obtained

from the vehicle-speci?c conversation model 132, the
vehicle-speci?c user’s guide knowledge base 140, or the
vehicle context model 116). The method 400 may then moni
tor the vehicle sensors 106 that are associated with the vehicle

104’s fuel level, and monitor the vehicle 104’s navigation

system (or a communicatively coupled Global Positioning
System or GPS device, or a smart phone map or navigation

application, for example). The method 400 may then present
(e. g., by voice or graphic display) directions to the nearest gas
station when the fuel level reaches one-eighth of a tank.
[0107] At block 402, the method 400 determines whether a
new conditional instruction is being formulated. If a new

conditional instruction is not being formulated, and the
method 400 is just continuing to monitor the current context
in view of a previously issued conditional instruction, the
method 400 proceeds from block 402 to block 210 discussed
above in connection with FIG. 2.
[0108] If a new conditional instruction is being formulated,
the method 400 proceeds to block 404, at which it retrieves
information related to the conditional instruction in order to
interpret and implement the request. To do so, at block 406,
the method 400 may search the vehicle-speci?c user’s guide
knowledge base 140 for information pertaining to the condi
tional instruction. Similarly, at block 408, the method 400
may, alternatively or in addition, search third party sources
within the vehicle-related search realm 142, such as the

conditional instruction based on the conditional instruction
conditional instruction is intended to be a one-time request or

[0110]

The method 400 may also store “action” data asso

assistant 112 when the conditional instruction is satis?ed. For
example, the method 400 may interpret “remind me” as
requesting a spoken-language reminder if the vehicle is mov
ing when the condition is satis?ed and as a visual reminder if
the vehicle is not moving, or the user is not in the vehicle,
when the condition occurs. At block 410, the method gener
ates and stores a template for the conditional instruction and
the desired action or assistance to be performed by the vehicle
personal assistant 112 when the condition is met. Such a

conditional assistance template includes data associated with
the conditional instruction (e. g., the condition and the action
to be performed).
[0111] More generally, references herein to rules or tem
plates are not meant to imply any speci?c implementation
details. That is, the system 100 may store rules, templates,
and/or data associated therewith in any suitable machine
readable format (e.g., structured as a rule or template). More
over, conditional instructions need not be related to a feature
or function of the vehicle 104. For example, the user may
request the vehicle personal assistant 112 to “Remind me to
pick up ?owers for my wife on my way home from work.” In

such circumstances, the vehicle personal assistant 112 may
monitor the inputs 1 10 and output a reminder to the user when
the vehicle 104 approaches a ?ower shop on the user’s route
home from work.

[0112]

At blocks 210 and 212, the method 400 determines

the current vehicle context as discussed in connection with

FIG. 2 above. At block 414, the method 400 analyzes the
vehicle context. That is, the method 400 compares the current

