US 20130262102A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2013/0262102 A1l

Schalk 43) Pub. Date: Oct. 3,2013
(54) SYSTEMS AND METHODS FOR OFF-BOARD (52) US.CL
VOICE-AUTOMATED VEHICLE CPC ...ccoonuenee. GO0IC 21/00 (2013.01); GIOL 15/00
NAVIGATION (2013.01)
USPC ottt 704/231
(71) Applicant: Agero Connected Services, Inc., Irving,
TX (US)
57 ABSTRACT
(72) Inventor: Thomas Barton Schalk, Plano, TX (US)
(21) Appl. No.: 13/908,421 A method of providing navigational information comprises
processing destination information spoken by a user of a
(22) Filed: Jun. 3,2013 mobile processing system. The processed voice information
is transmitted to a remote data center. The processed voice
Related U.S. Application Data information is analyzed at the data center to recognize com-
(62) Division ofapplication No. 11/029,971, filed on Jan. 5, ponents of the destination information. The center generates
2005, now Pat. No. 7,373,248, Division of application a list of hypothetical recognized components of the destina-
No. 12/057,984, filed on Mar. 28, 2008, now Pat. No. tion by confidence levels as calculated for each component of
7,634,357, Division of application No. 12/636,327, the information analyzed. The hypothetical recognized com-
filed on Dec. 11, 2009, now Pat. No. 8,478,520, Divi- ponent list is displayed with confidence levels at the data
sion of application No. 13/901,961, filed on May 24, center for selective checking by a human data center operator.
2013. A set of hypothetical components is selected based on confi-
dence levels in the list. The accuracy of the selected set of
Publication Classification hypothetical recognized components of the destination infor-
mation is confirmed though interactive voice exchanges
(51) Int.ClL between the mobile system user and the remote data center. A
GOIC 21/00 (2006.01) destination is determined from confirmed components of the
G10L 15/00 (2006.01) destination information.

~100

Voice-Activated
Navigation

101

Vehicle Operator
Initiates Communication

102

Provides

From * Command

Block

Vehicle Operator

Spoken

118

103

Data Center
Volce Recognition System
Aftempts Interpretation

104

Recognition
Gene

Listofn-best

Hypotheses
rated

105

Confidence Score
Assigned To Each
Recognition Hypotheses

To
Block
106



Oct. 3,2013 Sheet 1 of 8 US 2013/0262102 A1

Patent Application Publication

A4 i I
Jadsum i
« »| UONILO0IAY
8010/
£c : PO Jup) joRueg
Jojesadg  3SEQEIEQ 02 uolelS il | suopeammiuog 1 Soijeltiefol
18189 J0jueg " aseg Wl SSO[RIM ssgjamm | _
asuodsay Bleqd o) INEN - £
_ I 6Ly Ssafaiim j 4 s
| suogeaniniLIos)8) N/l
— L auoydoIupy
uolie]S 9l Sl
Joesadg BUUGUY  BUUBILY 1
8AI7 AiaAyaq 01
v ~ A 10p13d0 8pM8
Jaspesy ¢c 1E13A(0 9fIIYBA
1ayeads
2l



Patent Application Publication

C

Oct. 3,2013 Sheet2 of 8

~100

Voice-Activated
Navigation

)

Y

~ 101

Vehicle Operator
Initiates Communication

From
Block
118

|

- Vehicle Operator
Provides Spoken
Command

4 /'103

Data Center
Voice Recognition System
Attempts Interprelation

US 2013/0262102 A1

l 104"

List of n - best
Recognition Hypotheses
Generated

3

105

Confidence Score
Assigned To Each
Recognition Hypotheses

To
Block
106

FiG. 1B



Patent Application Publication Oct. 3,2013 Sheet 3 of 8 US 2013/0262102 A1
106
All -
Component
Confidence Scores
Above Tgreshold
3 I 10 7 ¥ I 109
Play Playback
Computer-Generated Vehniz/le_Op%ator' §
Speach Of | ofce ror
pothesis To ogo'm%"g"; gdr;}gce
Ve m@ Operator For Confirmation
! 108 ! 110
Vehicle Operator Vehicle Operator
Answers ~ Answers
Confirmation Prompts Confirmation Prompts

111
" NO

112
NO

Conﬁ?rmed

Conﬁ?rmed

R
o

Block
117

FiG. 1B
(Continued)



Patent Application Publication Oct. 3,2013

Playback
Vehicle Operator's
Voice For All

- Components
For Confirmation

118

A117

YES

Conﬁ;med

FIG. 1B
(Continued)

Sheet 4 of 8 US 2013/0262102 A1
From
Block
112
Y 115

Operator's Plays - Back

Vehicle Operator's

~ Voice Components

And Selects
Target Destination

To
Block
113



Patent Application Publication

Oct. 3,2013 Sheet5of 8

From
Blocks
111,11

113

Generate Routing

~ Information From

GPS Data From
Vehicle

) J /‘114

Transmit
Routing
Information To
Vehicle

y

End

FiG. 1B
_(Continued)

US 2013/0262102 A1



Oct. 3,2013 Sheet 6 of 8 US 2013/0262102 A1

Patent Application Publication

¢ 9l

000001000 |

siabues sexalll o |

000002000 ||

sAogmod segepli o ||

(000002000 |

ssejs sejep){ O |

[Z6666/26°0 ][ s2iuas sauiie uediaie){ O |

3Juapiu0)

1807 1594-N]|

[_ooogoggaa It feul[o]
[[00000r000 1]~ 3104 O}
000009100 | rewai 9]0}
[ 666661790 [ Xajdiwoa L1oos|(O |
aauapua] [ 171 188G-N|

® @®©

1)

aleN {0d

J9JUa3 SallLie URILIaLLE @ @ @ x8)dwioa Liods

13

AroBaje) jod



Oct. 3,2013 Sheet 7 of 8 US 2013/0262102 A1

Patent Application Publication

peos amojsfio|

1 QE%mB.a IN

[ 666666100 [ peos M eisi][O]

66666k¥L 0 ||

Biliojes Jo7seduel[O |

¥y Ol [ 666665¢0°0 [ peos urpmjsuiE][O]

[_66666FFL 0 || BiLoyes Taisayoisam][o]

[ 666665200 ||

peos 1epeg)[o] [ 000009810 | eniojied Faisayauml[ O]

_ 39Uspljio]) __

ISITIS3q-N| | 3auapytog || 1511 1599-N|

peoi Jajxeq | @ @ @ _ BILLIOJIED T3]SOUIUIM |

@ ®@!
Hﬂ-

C—— 1)

sawey 1991

® @@

_ 0 |l sexa ‘aoejem|| O |
[ 0000090070 ][ sexei segel{o]
[ 666668100 I __sexej sajE][O]
[ 666662960 [ sexal seepi[o]
[ @ouapyuog || isr11S3-H|

sexaj ‘sejep |

19

ajejs A9

ajels A9

€14



Oct. 3,2013 Sheet 8 of 8 US 2013/0262102 A1

Patent Application Publication

S 9l

l 000" | envane aepssow][O]
_ 000" |[_ enuase gjsin wied][O]
L 966 | ~anlaAe UOXOf|[O]

a0UBPII0] 7517 1590

@ @ @ _%cm.\_m E_Ee
C— 11

saurey 19941

[ 66666¢FL0 ||

BILIOfED u.&mm.ém: o]

|[_66666¢¢L 0 ||BlLiopEI Toisaysem][ O]

Bniofye0_Jajsatoum][o ]

(000009810 ||

gouapyiog

117 1saq-N|

®»® ®®
C— 1)

BILLIOYRD J8}SeILe]

ajejs Mg



US 2013/0262102 Al

SYSTEMS AND METHODS FOR OFF-BOARD
VOICE-AUTOMATED VEHICLE

NAVIGATION
CROSS REFERENCE TO RELATED
APPLICATIONS
[0001] This application is:
[0002] adivisional application of co-pending U.S. patent

application Ser. No. 13/901,961 filed May 24, 2013;
[0003] adivisional application of co-pending U.S. patent
application Ser. No. 12/636,327, filed Dec. 11, 2009;
[0004] adivisional application of co-pending U.S. patent
application Ser. No. 12/057,984, filed Mar. 28, 2008;
[0005] a divisional of U.S. patent application Ser. No.
11/029,971, filed Jan. 5, 2005, now U.S. Pat. No. 7,373,
248, which application claims priority of U.S. Provi-
sional Patent Application Ser. No. 60/608,850, filed Sep.
10, 2004,
the entire disclosures of which are hereby incorporated herein
by reference in their entireties.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0006] Not Applicable
FIELD OF THE INVENTION
[0007] The present invention relates in general to vehicle

navigation techniques, and in particular, to systems and meth-
ods for off-board voice-automated vehicle navigation

BACKGROUND OF THE INVENTION

[0008] Automotive navigation systems have been available
for a number of years and are designed to guide vehicle
operators to a specified destination. A major shortcoming of
conventional navigation systems relates to the methods of
entering target destinations. It is well known that driver dis-
traction occurs when a vehicle operator interacts with a key-
pad or a touch screen while driving. In fact, first time users
typically become frustrated with the human factors and asso-
ciated learning necessary to enter target destinations manu-
ally. Furthermore, existing systems allow users to enter des-
tination while driving, which has been shown to cause driver
distraction. Entering an address or point of interest (POI) by
using manual methods typically requires time and concentra-
tion on the vehicle operator’s part, and in particular, one
cannot watch the road or drive safely. There is ongoing pend-
ing litigation that relates to driver distraction and the use of
navigation systems while driving.

[0009] For most in-vehicle navigation systems, there are
sequential steps that occur during usage. The process begins
with user interaction where the navigation system first deter-
mines the starting location, usually from GPS information.
The target destination is typically entered as an address, a
street intersection, or a point of interest. It would be a sub-
stantial advancement in the art to provide a menu-driven,
automatic voice recognition system located at a remote data
center that would recognize spoken target destinations while
simultaneously utilizing GPS information transmitted from
the vehicle over a wireless link to the remote data center. It
would also be a significant advancement to provide a voice
user interface that is designed to minimize vehicle operator
interaction time and/or data center operator interaction time.
Finally, it would be a significant advancement if target desti-
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nations could be determined with high reliability and effi-
ciency by utilizing the combination of GPS information,
voice automation technology, operator assistance, and user
assistance for confirming that the specified destination is
correct. When necessary, the operator would be involved in
determining the target destination that has been spoken, and
the vehicle operator (the user) would confirm that the spoken
destination is correct before the data center operator becomes
involved. An automatic speech recognizer, high-quality text-
to-speech, and GPS information each play a role in the overall
process of determining a target destination.

SUMMARY OF THE INVENTION

[0010] Accordingly, the present invention is directed to a
system and a method of delivering, or downloading, naviga-
tion information from a remote data center database over a
wireless link to a vehicle. The information delivered would be
in response to voice-recognized target destinations spoken by
the operator of the vehicle. The voice recognition system
would be located at the remote data center. The information
delivered, or downloaded, could be the target destination POI,
street intersection, or address. The destination would be
determined through a voice user interface whereby four com-
ponents are involved in the automation process, including:
voice technology, vehicle GPS information, the data center
operator, and the vehicle operator. The information delivered,
or downloaded, could also be the route information for the
target destination POI, or address, determined through the
voice user interface.

[0011] The primary advantages of the remote data center
are flexibility and cost-effectiveness. Accurate, up-to-date
data can be accessed and the amount of data can be very large
because of memory technology. Because the automation plat-
form is off-board, the application can easily be modified
without changing any in-vehicle hardware or software. Such
flexibility allows for user personalization and application
bundling, in which a number of different applications are
accessible through a voice main menu. In terms of cost,
server-based voice recognition resources can be shared across
a large spectrum of different vehicles. For example, 48 chan-
nels of server-based voice recognition can accommodate over
1,000 vehicles simultaneously.

[0012] The voice technology requirements for the inven-
tion include highly intelligible text-to-speech, speech recog-
nition, n-best search results and associated recognition con-
fidence levels. The term “n-best search results” refers to a
common speech recognition output format that rank orders
the recognition hypotheses based on probability. The text-to-
speech is used to represent what was recognized automati-
cally and can be distinguishable from the vehicle operator’s
voice. A pronunciation database, also referred to as a phonetic
database, is necessary for correct intelligible pronunciations
of POIs, cities, states, and street names. For cases in which a
recognition result does not have a high confidence score, a
recording of what was spoken is played back to the vehicle
operator for confirmation that the speech representation, or
audio wave file, is correct and recognizable by a human,
ultimately the data center operator. For example, if a vehicle
operator says a city and state, a street name, and a street
number, then the application repeats what was spoken in one
of three ways: in a pure computer voice (text-to-speech), a
combination of a computer voice and the vehicle operator’s
voice, or only in the vehicle operator’s voice. In the latter
case, the data center operator would listen to the speech and
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determine the address by listening and observing the n-best
lists associated with each part of the address. In the former
case, the data center operator would not be involved or
needed; the process would be full automation. In the hybrid
case, the data center operator would listen to part of what was
spoken and determine the address by listening and observing
the n-best lists associated with the part of the address not
automatically recognized. It would be typical for the operator
to listen and simply click on the n-best selection that matches
the address component in question. Typing the address com-
ponent would be required if the n-best list does not contain the
correct address component. When involved, the data center
operator may choose to listen to any component of the
address. A similar strategy is used for determining a spoken
POL

[0013] For POI entry, the voice user interface can be
designed to capture a POI category (e.g., restaurant or ATM)
and determine whether the nearest location is desired. If so,
the spoken destination entry task is completed after confir-
mation with a “yes” response. If the nearest location is not
desired, a “no” response is spoken and the vehicle operator is
prompted to say the name of the POI. Similarly, if the cat-
egory is not recognized, it is recorded and passed on to the
data center operator in addition to the POI name, also
recorded if not recognized, subsequent to vehicle operator
confirmation that the recording are correct. For POI determi-
nation, GPS may be used to constrain the active POI grammar
based on a specified radius relative to vehicle location.

[0014] If a vehicle operator says a POI category and a POI
name, then the application repeats what was spoken in one of
three ways: in a pure computer voice (text-to-speech), a com-
bination of a computer voice and the vehicle operator’s voice,
or just in the vehicle operator’s voice only. In the latter case,
the data center operator would listen to all of what was spoken
and determine the POI by listening and observing the n-best
lists associated with the POI category and name. In the former
case, the operator would not be involved or needed; the pro-
cess would be full automation. In the hybrid case, the data
center operator would listen to part of what was spoken and
determine the POI through listening and observing the n-best
list associated with either the POI category or name. It would
be typical for the operator to listen and simply click on the
n-best selection that matches the POI component in question.
Typing the POI component would be required if the n-best list
does not contain the correct POI component. When involved,
the data center operator may choose to listen to any compo-
nent of the POI.

[0015] The invention described is intended to be integrated
with an on-board navigation system capable of real-time GPS
processing for route delivery. The navigation system is a
hybrid solution in the optimized case because routes cannot
be delivered as effectively in real-time from a remote data
center. When turn-by turn directions are delivered directly
from the remote data center, the GPS information specifying
vehicle location can lose synchronization with actual vehicle
position due to latencies in wireless communication between
the vehicle and the remote data center. For example, a system-
generated prompt (e.g., instruction to turn) may be experi-
enced too late by the vehicle operator resulting in a route
deviation. In summary, the ideal implementation utilizes on-
board technology including real-time GPS information to
deliver turn-by-turn directions by voice within the vehicle
environment.
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[0016] Withthe foregoing and other objects in view, there is
provided, in accordance with the invention, a method of pro-
viding navigational information comprising processing des-
tination information spoken by a user of a mobile processing
system, transmitting the processed voice information via a
wireless link to a remote data center, analyzing the processed
voice information with a voice recognition system at the
remote data center to recognize components of the destina-
tion information spoken by the mobile system user, generat-
ing at the remote data center a list of hypothetical recognized
components of the destination information listed by confi-
dence levels as calculated for each component of the destina-
tion information analyzed by the voice recognition system,
displaying the list of hypothetical recognized components
and confidence levels at the remote data center for selective
checking by a human data center operator, selecting a set of
hypothetical components based on the confidence levels in
the list, confirming the accuracy of the selected set of hypo-
thetical recognized components of the destination informa-
tion via interactive voice exchanges between the mobile sys-
tem user and the remote data center, and determining a
destination from confirmed components of the destination
information.

[0017] In accordance with another mode of the invention,
the step of confirming the accuracy of the hypothetical rec-
ognized components of the destination information com-
prises transmitting a computer-generated representation of at
least one hypothetical recognized component of the destina-
tion information to the mobile system user via the wireless
link and prompting the mobile system user via the wireless
link to aurally confirm the accuracy of the component of the
destination information.

[0018] In accordance with a further mode of the invention,
the step of confirming the accuracy of the hypothetical rec-
ognized components of the destination information com-
prises transmitting at least one recorded hypothetical recog-
nized component of the destination information spoken by
the mobile system user to the mobile system user via the
wireless link and prompting the mobile system user via the
wireless link to aurally confirm the accuracy of the hypotheti-
cal recognized component of the voice destination informa-
tion.

[0019] Inaccordance with an added mode of the invention,
the step of confirming the accuracy of the hypothetical rec-
ognized components of the desired destination comprises
determining if a confidence level of hypothetical recognized
component is above a selected threshold and computer gen-
erating a representation of the hypothetical recognized com-
ponent for transmission to the mobile system user when the
confidence level is above the selected threshold.

[0020] Inaccordance with an additional mode of the inven-
tion, the step of determining the destination from the con-
firmed components comprises providing human data center
operator assistance using the developed list of hypothetical
recognized components and confidence levels to recognize
the desired destination.

[0021] In accordance with yet another mode of the inven-
tion, the step of providing data center operator assistance
comprises playing back recorded representations of the des-
tination information spoken by the mobile system user to the
data center operator for analysis by the data center operator
and receiving information from the data center operator iden-
tifying the destination.
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[0022] Inaccordance with yet a further mode of the inven-
tion, the step of receiving information from the data center
operator comprises entering a choice from the displayed list
of hypothetical components from the data center operator.

[0023] Inaccordance with yet an added mode of the inven-
tion, the step of confirming the accuracy of the hypothetical
recognized components of the desired destination via inter-
active voice exchanges comprises transmitting aural repre-
sentations of hypothetical recognized components of the des-
tination information to the mobile system user, the
hypothetical recognized components of the destination infor-
mation selected from the group consisting of aural represen-
tations of the destination address number, street name, city,
state, and point of interest.

[0024] With the objects of the invention in view, there is
also provided a system for providing navigational informa-
tion comprising a mobile system for processing and transmit-
ting via a wireless link spoken requests from a mobile system
user for navigational information to a selected destination and
a data center processing the spoken requests for navigational
information received via the wireless link. The data center
performs automated voice recognition processing on the spo-
ken requests for navigational information to recognize desti-
nation components of the spoken requests, confirms the rec-
ognized destination components through interactive speech
exchanges with the mobile system user via the wireless link
and the mobile system, selectively allows human data center
operator intervention to assist in identifying the selected rec-
ognized destination components having a recognition confi-
dence below a selected threshold value, and downloads the
desired destination for transmission to the mobile system
derived from the confirmed destination components.

[0025] In accordance with again another feature of the
invention, the data center downloads the navigational infor-
mation in response to position information received from the
mobile system via the wireless link.

[0026] In accordance with again a further feature of the
invention, the data center generates a list of possible destina-
tion components corresponding to the spoken requests,
assigns a confidence score for each of the possible destination
components on the list, determines if a possible destination
component with a highest confidence score has a confidence
score above a threshold and computer-generates an aural
representation of the destination for transmission to the
mobile system for confirmation by the mobile system user if
the confidence score is above the threshold.

[0027] In accordance with again an added feature of the
invention, the data center determines that at least one desti-
nation component of the spoken request has a recognition
confidence value below a threshold and plays back a record-
ing in the voice of the mobile system user of at least the
component with the recognition confidence value below the
threshold to the mobile system user via the mobile system for
confirmation.

[0028] Inaccordance with again an additional feature of the
invention, the data center further comprises a data center
operator facility playing-back the destination components for
assisting in identifying the desired destination.

[0029] Inaccordance with still another feature of the inven-
tion, the data center presents a list of possible destinations
listed by confidence scores to the data center operator for
selection as the desired destination.
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[0030] In accordance with still a further feature of the
invention, the data center allows the data center operator to
vary the order of the possible destinations in the list.

[0031] In accordance with still an added feature of the
invention, a selected spoken request comprises a spoken
request for point of interest information.

[0032] In accordance with still an additional feature of the
invention, the point of interest information includes informa-
tion selected from the group consisting of names and catego-
ries.

[0033] Inaccordance with another feature of the invention,
the destination components of a selected spoken request com-
prises location information selected from the group consist-
ing of information identifying state, city, street name, and
address number.

[0034] In accordance with a concomitant feature of the
invention, the data center records the spoken requests as nor-
malized audio wave fields for subsequent playback.

BRIEF DESCRIPTION OF DRAWINGS

[0035] For a more complete understanding of the present
invention, and the advantages thereof, reference is now made
to the following descriptions taken in conjunction with the
accompanying drawings, in which:

[0036] FIG. 1A is a block diagram of an exemplary oft-
board voice-automated vehicle navigation system embody-
ing the principles of the present invention;

[0037] FIG. 1B is a flow chart illustrating representative
voice-automated vehicle navigation operations implemented
in the system shown in FIG. 1A;

[0038] FIG. 2 is a conceptual diagram of a representative
data center display suitable for implementing data center
operator assistance in target destination recognition based on
point of interest (POI) information;

[0039] FIG. 3 is a conceptual diagram of a representative
data center display suitable for implementing data center
operator assistance in target destination recognition based on
city and state information; and

[0040] FIGS. 4 and 5 are conceptual diagrams of a repre-
sentative data center displays suitable for implementing data
center operator assistance in target destination recognition
based on city, state, and street name information.

DETAILED DESCRIPTION OF THE INVENTION

[0041] The principles of the present invention and their
advantages are best understood by referring to the illustrated
embodiment depicted in FIGS. 1-5 of the drawings, in which
like numbers designate like parts.

[0042] FIG. 1A is a diagram of an exemplary off-board
voice-automated navigation system embodying the prin-
ciples of the present invention. FIG. 1B is a flow chart of a
procedure 100 illustrating representative operations of sys-
tem 100, also embodying the principles of the present inven-
tion.

[0043] Referring to FIGS. 1A and 1B, when the vehicle
operator 10 wishes to enter a target destination in order to
receive route guidance, a wireless communications link is
initiated to the remote data center 19 at block 101 of proce-
dure 100. The process could be initiated in a number of ways,
such as speaking a command in the vehicle or preferably by
pressing a button. Communication is established and the
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vehicle operator 10 speaks commands into the hands-free
microphone 11, located in proximity to the vehicle operator
10, at block 102.

[0044] The vehicle operator’s spoken commands pass over
the wireless link 25 through the vehicle mounted wireless
communication module 14, through the vehicle mounted
wireless antenna 1 5, through the wireless network’s antenna
16 and wireless network base station 17, through one of many
telecommunications networks 18, and into the data center 19.
From the data center, the voice recognition unit 20 interprets
the spoken command(s). The commands include information
regarding an address, POI, or street intersection. For an
address entry, the city and state may be spoken first.

[0045] The voice recognition unit 20 attempts, at block 103
of procedure 100 of FIG. 1B, to recognize the spoken input
and at block 104 creates an n-best list of the top hypotheses
where n typically does not exceed five (that s, the recognition
unit 20 generates up to five text representations of possible
city/state combinations, each with an associated probability
of correct recognition). Each recognition hypothesis is
assigned a confidence score (probability), at block 105, that is
normalized to 1. If the top choice is assigned a confidence
score above a specified threshold, at decision block 106, the
spoken input is considered to be recognized, and computer-
generated text-to-speech speech audio is played to the vehicle
operator 10 (block 107) for confirmation (block 108). If con-
firmation is positive at block 11 1, then at blocks 11 3 and 114
routing information is generated automatically and transmit-
ted to the on-board unit 13.

[0046] The speech audio is directed to the vehicle speaker
(s) 12 in a hands-free environment. The vehicle operator 10
responds into the hands-free microphone 11 to each system
prompt to specify an address, thereby saying a city, state,
street name, and street number. The vehicle operator 10 lis-
tens to the vehicle speaker(s) 12 to hear the hypothesized
address represented by speech audio that is 1) purely com-
puter generated, 2) purely the vehicle operator’s 12, or 3) a
combination of the two types of speech audio.

[0047] Thecomputer-generated voice, utilized atblock 107
of'procedure 100, only occurs for recognized utterances (top-
choice recognition with high confidence). Destination com-
ponents (city, state, street name and number, POI, etc.) are
otherwise individually aurally identified in the vehicle opera-
tor’s 12 own voice for confirmation when the confidence
score falls below a threshold. In particular, if some, or even
all, of the destination components spoken by the vehicle
operator have confidence scores below the threshold at block
106 of procedure 100, then at least those low confidence
components are played-back to the vehicle owner in the
vehicle operator’s own voice at block 109, for confirmation at
block 1 10. If the vehicle operator confirms the play-back of
block 109, then at decision block 1 12 procedure 100 contin-
ues to block 1 15 for data center operator assistance for
determination of the proper destination and generation of the
appropriate navigational directions.

[0048] On the other hand, when the first attempted confir-
mation yields a negative result at either block 11 1 or block
112 of procedure 100, a second play-back is performed at
block 117 and a second confirmation from the vehicle owner
is attempted at block 118. For the second attempt at confir-
mation, all destination components are played-back to the
vehicle operator. A positive confirmation, at block 11 8, con-
cludes the user experience for destination entry, after which
the operator becomes involved at block 115, if needed. It
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should be emphasized that if the target destination is spoken
and recorded correctly, it does not need to be spoken again by
the vehicle operator 12; however, if the vehicle operator still
does not confirm the destination components from the second
confirmation attempt, then procedure 100, for example,
returns to a main menu and the vehicle operator is requested
to repeat the desired destination at block 102.

[0049] Itis critical to emphasize that the vehicle operator 10
confirms that the stored audio wave file is accurate before the
response center operator 23 becomes involved. A yes/no con-
firmation via the voice recognition unit 20 is required for all
destinations before the data center operator 23 becomes
involved, if needed at all. If the confirmation is negative,
another choice on the n-best entry list is selected at decision
block 106, for playback at block 109 and another attempt at
confirmation is made at block 110.

[0050] FIG. 2 represents a sample screen shot from the live
operator station 22 that is designed to assist the response
center operator 23, at block 11 5 of procedure 100, in deter-
mining a target destination. The example shown is for a spe-
cific POI, including the corresponding POI category. FIG. 2
illustrates two n-best lists, one for the POI category and one
for the corresponding POI. The confidence scores are listed
next to each recognition hypothesis shown in the n-best lists,
and serve to indicate the relative likelihood that the phrase
that was spoken is what is listed. For the hypothesis “sport
complex,” the confidence score shown is 0.67199999, which
is significantly better than the confidence score for the next
best choice, 0.01600000 (the hypothesized spoken phrase,
“car rental”). The upper two boxes contain text that matches
the first choices from the n-best lists. The text contained
within the two boxes can be modified by the response center
operator either by character 10 by-character entry from a
keyboard, or by selecting an n-best entry, also by using a
mouse (or keyboard). To the right of each box are audio
controls (radio buttons) that allow the stored audio wave files
to be played and listened to by the response center operator

[0051] The ability of the data center operator to play the
audio wave file representations of the spoken destination
components is critical to the overall process. For the example
under consideration, there are two destination components:
the POI category and the POI name. If a phrase other than the
top choice is selected from either n-best list, then the text in
the corresponding upper box changes automatically. In the
example shown, if a different POI category is chosen by the
response center operator 23, then a different subsequent
grammar can be activated; the n-best list for the POI changes
and a new top choice is automatically entered into the upper
box for the POI name. The confidence scores for the new
n-best list will be quite different and would be expected to be
significantly higher if the stored audio wave file matches a
grammar entry well. For the example described here, the
vehicle operator says a POI category. The category is recog-
nized, and the vehicle operator is asked if the nearest “sport
complex” is the desired destination. A positive response com-
pletes the destination entry on the user interface side because
the GPS information for the vehicle position is all that is
needed to determine the route at block 11 3 of procedure 100.
The GPS is used as the starting point, and the nearest POI is
determined based on category screening and distance.

[0052] FIG. 3 represents part of sample screen shot from
the live operator station 22 that is designed to assist the
response center operator 23, at block 11 5 of procedure 100,
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in determining a target destination component. The example
shown is for a specific city and state, and includes the n-best
list generated by the voice recognition unit 20 for the city and
state that was spoken by the vehicle operator 10. The confi-
dence scores are listed next to each recognition hypothesis
shown in the n-best list and serve to indicate the relative
likelihood that the phrase that was spoken is what is listed. For
the hypothesis “Dallas Tex.,” the confidence score shown is
0.96799999, which is significantly better than the confidence
score for the next best choice, 0.0 1 899999 (the hypothesized
spoken phrase, “Alice, Tex.”).

[0053] Referring again to FIG. 3, the upper box contains
text that matches the first choices from the n-best lists. The
text contained within the box can be modified by the response
center operator either by character-by-character entry from a
keyboard, or by selecting ann-best entry by using a mouse. To
the right of the upper box are audio controls that allow the
stored audio wave files to be played and listened to by the
response center operator 23. Again, the ability to play the
audio wave file representations of the spoken destination
components is critical to the overall process. If a phrase other
than the top choice is selected from the n-best list, then the
text in the corresponding upper box changes automatically.
The audio wave file represents speech provided by the vehicle
operator 10 (in this case, a city and state).

[0054] FIG. 4 represents another screen shot from the live
operator station 22 that is designed to assist the response
center operator 23 in determining a target destination. The
example shown is for a specific city, state, and street name.
FIG. 4illustrates two n-best lists, one for the city and state and
one for the street name. The confidence scores are listed next
to each recognition hypothesis shown in the n-best lists and
serve to indicate the relative likelihood that the phrase that
was spoken is what is listed. For the hypothesis “Winchester,
Calif.,” the confidence score shown is 0.1 8600000, which is
not significantly better than the confidence score for the next
best choice, 0.14499999 (the hypothesized spoken phrase,
“Westchester, Calif.”). Referring to FIG. 4, the upper two
boxes contain text that matches the first choices from the two
n-best lists. The text contained within the two boxes can be
modified by the response center operator either by character-
by-character entry from a keyboard, or by selecting an n-best
entry, by using a mouse (or other means). To the right of each
box are audio controls that allow the stored audio wave files to
be played and listened to by the response center operator 23.

[0055] The ability to play the audio wave file representa-
tions of the spoken destination components is critical to the
overall process. For the example under consideration, there
are two destination components: the city/state and the street
name. If a hypothesis other than the top choice is selected
from either n-best list, then the text in the corresponding
upper box changes automatically. In the example shown, if a
different city/state is chosen by the response center operator
23, then a different subsequent grammar is activated; the
n-best list for the street name changes and a new top choice is
automatically entered into the upper box for the street name.
FIG. 5 illustrates the result that occurs when “Lancaster,
Calif” is chosen by the response center operator 23. The
confidence scores for the new n-best list of street names are
quite different, and the top choice street has a high confidence
score, 0.996, which is close to being a perfect match. Note
that the response center operator’s 23 task for the example
described here is: 1) listen to the city/state audio wave file, 2)
select the correct city/state, 3) listen to the street name audio
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wave file to confirm that it is correct, 4) listen to the street
number audio wave file to confirm that it is correct (not
illustrated in and make any typed corrections if needed before
final submission for navigation-related processing.

[0056] The level of captured audio wave files can be nor-
malized by applying digital automatic gain control to improve
human intelligibility and user interface consistency during
audio play back of destination components. The captured
audio can serve to indicate the quality of the network condi-
tions to the vehicle operator. The captured audio teaches the
vehicle operator how to speak into the microphone to achieve
optimal recognition.

[0057] Although the invention has been described with ref-
erence to specific embodiments, these descriptions are not
meant to be construed in a limiting sense. Various modifica-
tions of the disclosed embodiments, as well as alternative
embodiments of the invention, will become apparent to per-
sons skilled in the art upon reference to the description of the
invention. It should be appreciated by those skilled in the art
that the conception and the specific embodiment disclosed
might be readily utilized as a basis for modifying or designing
other structures for carrying out the same purposes of the
present invention. It should also be realized by those skilled in
the art that such equivalent constructions do not depart from
the spirit and scope of the invention as set forth in the
appended claims.

[0058] It is therefore contemplated that the claims will
cover any such modifications or embodiments that fall within
the true scope of the invention.

What is claimed is:

1. A method of providing navigational information, com-
prising:

processing destination information spoken by a user of a

mobile processing system;

transmitting the processed voice information via a wireless

link to a remote data center;

analyzing the processed voice information with a voice

recognition system at the remote data center to recog-
nize components of the destination information spoken
by the mobile system user;
generating at the remote data center a list of hypothetical
recognized components of the destination information
listed by confidence levels as calculated for each com-
ponent of the destination information analyzed by the
voice recognition system;
displaying the list of hypothetical recognized components
and confidence levels at the remote data center for selec-
tive checking by a human data center operator;

selecting a set of hypothetical components based on the
confidence levels in the list;

confirming the accuracy of the selected set of hypothetical

recognized components of the destination information
via interactive voice exchanges between the mobile sys-
tem user and the remote data center; and

determining a destination from confirmed components of

the destination information.

2. The method according to claim 1, wherein the step of
confirming the accuracy of the hypothetical recognized com-
ponents of the destination information comprises:

transmitting a computer-generated representation of at

least one hypothetical recognized component of the des-
tination information to the mobile system user via the
wireless link; and
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prompting the mobile system user via the wireless link to
aurally confirm the accuracy of the component of the
destination information.

3. The method according to claim 1, wherein the step of
confirming the accuracy of the hypothetical recognized com-
ponents of the destination information comprises:

transmitting at least one recorded hypothetical recognized

component of the destination information spoken by the
mobile system user to the mobile system user via the
wireless link; and

prompting the mobile system user via the wireless link to

aurally confirm the accuracy of the hypothetical recog-
nized component of the voice destination information.
4. The method according to claim 2, wherein the step of
confirming the accuracy of the hypothetical recognized com-
ponents of the desired destination comprises:
determining if a confidence level of hypothetical recog-
nized component is above a selected threshold; and

computer generating a representation of the hypothetical
recognized component for transmission to the mobile
system user when the confidence level is above the
selected threshold.

5. The method according to claim 1, wherein the step of
determining the destination from the confirmed components
comprises providing human data center operator assistance
using the developed list of hypothetical recognized compo-
nents and confidence levels to recognize the desired destina-
tion.

6. The method according to claim 5, wherein the step of
providing data center operator assistance comprises:

playing back recorded representations of the destination

information spoken by the mobile system user to the data
center operator for analysis by the data center operator;
and

receiving information from the data center operator iden-

tifying the destination.

7. The method according to claim 6, wherein the step of
receiving information from the data center operator com-
prises entering a choice from the displayed list of hypothetical
components from the data center operator.

8. The method according to claim 1, wherein the step of
confirming the accuracy of the hypothetical recognized com-
ponents of the desired destination via interactive voice
exchanges comprises transmitting aural representations of
hypothetical recognized components of the destination infor-
mation to the mobile system user, the hypothetical recognized
components of the destination information selected from the
group consisting of aural representations of the destination
address number, street name, city, state, and point of interest.

9. A system for providing navigational information com-
prising:

amobile system for processing and transmitting via a wire-

less link spoken requests from a mobile system user for
navigational information to a selected destination; and

a data center processing the spoken requests for naviga-

tional information received via the wireless link and

operates to:

perform automated voice recognition processing on the
spoken requests for navigational information to rec-
ognize destination components of the spoken
requests;
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confirm the recognized destination components through
interactive speech exchanges with the mobile system
user via the wireless link and the mobile system;

selectively allow human data center operator interven-
tion to assist in identifying the selected recognized
destination components having a recognition confi-
dence below a selected threshold value; and

download the desired destination for transmission to the
mobile system derived from the confirmed destina-
tion components.

10. The system according to claim 9, wherein the data
center further operates to download the navigational informa-
tion in response to position information received from the
mobile system via the wireless link.

11. The system according to claim 9, wherein the data
center further operates to:

generate a list of possible destination components corre-

sponding to the spoken requests;

assign a confidence score for each of the possible destina-

tion components on the list;

determine if a possible destination component with a high-

est confidence score has a confidence score above a
threshold; and

computer-generate an aural representation of the destina-

tion for transmission to the mobile system for confirma-
tion by the mobile system user if the confidence score is
above the threshold.
12. The system according to claim 9, wherein the data
center further operates to:
determine that at least one destination component of the
spoken request has a recognition confidence value below
a threshold; and

playback a recording in the voice of the mobile system user
of at least the component with the recognition confi-
dence value below the threshold to the mobile system
user via the mobile system for confirmation.

13. The system according to claim 12, wherein the data
center further comprises a data center operator facility play-
ing-back the destination components for assisting in identi-
fying the desired destination.

14. The system according to claim 12, wherein the data
center further operates to present a list of possible destina-
tions listed by confidence scores to the data center operator
for selection as the desired destination.

15. The system according to claim 14, wherein the data
center further operates to allow the data center operator to
vary the order of the possible destinations in the list.

16. The system according to claim 9, wherein a selected
spoken request comprises a spoken request for point of inter-
est information.

17. The system according to claim 16, wherein the point of
interest information includes information selected from the
group consisting of names and categories.

18. The system according to claim 9, wherein the destina-
tion components of a selected spoken request comprises loca-
tion information selected from the group consisting of infor-
mation identifying state, city, street name, and address
number.

19. The system according to claim 9, wherein the data
center further operates to record the spoken requests as nor-
malized audio wave fields for subsequent playback.
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