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METHOD, SYSTEMAND APPARATUS FOR 
IMPROVED VOICE RECOGNITION 

BACKGROUND OF THE INVENTION 

The present invention relates to Voice recognition, and 
more specifically to improving the performance of a Voice 
recognition apparatus. 
A Voice Keypad (VKP) is a device with the ability to 

recognize keywords uttered by a user and generate corre 
sponding outputs, for example, commands or text-strings, for 
use by an application device. 
One implementation of a VKP is a Bluetooth speakerphone 

for use with a mobile telephone provided with Bluetooth 
functionality. In such a device, the VKP speakerphone and 
mobile telephone are paired. A Voice recognition engine on 
the VKP is implemented to recognize a name uttered by a user 
with reference to a user-defined name list and output a corre 
sponding telephone number. A dialing function on the mobile 
telephone then dials the number, and the user is able carry on 
a conversation through the mobile telephone via the speaker 
phone. 

There are three general classes of Voice recognition, 
namely speaker independent (SI), speaker dependent (SD) 
and speaker adapted (SA). In the SI system, a Voice recogni 
tion engine identifies utterances according to universal Voice 
models generated from samples obtained from a large train 
ing population. As no individual training by the user is 
required. Such systems are convenient. However, these sys 
tems generally have low recognition performance, especially 
when used by speakers with heavy accents or whose speech 
patterns otherwise diverge from the training population. On 
the other hand, SD Systems require users to provide samples 
for every keyword, which can become burdensome and 
memory intensive for large lists of keywords. 

Conventional SA systems achieve limited improvement of 
recognition performance by adapting Voice models according 
to speech input by an individual speaker. However, it is desir 
able to achieve a still higher recognition rate for keywords on 
a VKP. Furthermore, the VKP itself may lack the appropriate 
resources to achieve improved Voice recognition. 

SUMMARY 

Provided area method, system, and apparatus for improved 
Voice recognition. 

In an embodiment of the present invention, a method for 
improved Voice recognition in a system having a set-up 
device and a voice recognition device is provided. The 
method comprises the steps of generating a Voice Keyword 
Table (VKT) and downloading the VKT to the voice recog 
nition device; upgrading a voice recognition system on the 
Voice recognition device; and modifying a voice model in the 
Voice recognition device. 
The VKT preferably comprises visual form data, spoken 

form data, phonetic format data, and an entry corresponding 
to a keyword, and TTS-generated Voice prompts and Voice 
models corresponding to the phonetic format data. The step of 
generating a VKT preferably comprises the steps of inputting 
visual form data and entry data; transforming visual form data 
to default spoken form data; mapping spoken form data to 
phonetic format; and performing TTS-guided-pronunciation 
editing to modify phonetic format data. In preferred embodi 
ments, an additional step of a confusion test using the pho 
netic format data, Voice models and a confusion table to 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
identify keywords in a confusion set is performed. Further 
more, additional steps may be taken to eliminate keywords 
from the confusion set. 

In preferred embodiments, a user-initiated step of modify 
ing a voice model in the Voice recognition device comprises 
the steps of building a keyword model from keywords in the 
VKT, selecting keywords for adaptation; obtaining new 
speech input for selected keywords; adapting Voice models 
for selected keywords using existing keyword Voice models 
and new speech input to produce adapted Voice models; and 
downloading adapted speech models to the Voice recognition 
device. 

Alternately or in addition thereto, a new-model-availabil 
ity-initiated step of modifying a voice model in the Voice 
recognition device comprises the steps of downloading a new 
voice model from a network to the set-up device; if the new 
voice model is a newer version than the voice model on the 
Voice recognition device, determining if accumulated per 
Sonal acoustic data exists; if accumulated personal acoustic 
data exists, uploading the VKT from the Voice recognition 
device to the set-up device, building a keyword model for 
adaptation from keywords in the uploaded VKT, performing 
adaptation using the new voice model and accumulated per 
Sonal data to produce an adapted new Voice model, and down 
loading the adapted new Voice model to the Voice recognition 
device; and if no accumulated speech data exists, uploading 
the VKT to the set-up device, and building a keyword model 
for keywords in the uploaded VKT using the new voice 
model, and downloading the updated new voice model to the 
Voice recognition device. The accumulated personal acoustic 
data may be, for example, speech input recorded during user 
initiated adaptation of voice models and stored on the set-up 
device or speech input recorded during use of the Voice rec 
ognition device to identify keywords and stored on the Voice 
recognition device. 

In preferred embodiments, the step of upgrading and 
downloading a Voice recognition system to the Voice recog 
nition device comprises the steps of downloading an updated 
Voice recognition system to the set-up device via a network; 
determining if the updated Voice recognition system is more 
recent than a Voice recognition system on the Voice recogni 
tion device; and if the updated Voice recognition system is 
more recent, downloading the updated Voice recognition sys 
tem from the Voice recognition device to the set-up device. 

In preferred embodiments, run-time information is saved 
in the Voice recognition device; saved run-time information is 
up-loaded from the Voice recognition device to the set-up 
device; the up-loaded run-time information is processed on 
the set-up device; and the Voice recognition device is updated 
according to the results of the processing of run-time infor 
mation on the set-up device to improve Voice recognition 
performance. 

In addition, the method preferably includes one or more of 
the steps of initiating a diagnostic test on the Voice recogni 
tion device by the set-up device, providing customer Support 
over a network, and providing wireless capable device com 
patibility Support comprising instructions for pairing the 
Voice recognition device with a wireless capable application 
device. 

In an embodiment of the present invention, a Voice recog 
nition system installed on a set-up device for improving Voice 
recognition on a Voice recognition device is provided. The 
Voice recognition system comprises a Voice Keyword Table 
(VKT) generating means for generating a VKT and down 
loading the VKT to the Voice recognition device; and means 
for updating Voice models on the Voice recognition device. 
The VKT preferably comprises visual form data, spoken form 
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data, phonetic format data, and an entry corresponding to a 
keyword, and TTS-generated Voice prompts and Voice mod 
els corresponding to the phonetic format data. 

In preferred embodiments, the Voice recognition system 
further comprises means for performing a confusion test 
using the phonetic format data, voice models and a confusion 
table to identify keywords in a confusion set, and eliminating 
keywords from the confusion set. In addition, the voice rec 
ognition system further preferably comprises means for 
updating the Voice recognition device according to the results 
of the processing of run-time information saved on the Voice 
recognition device to improve Voice recognition perfor 
aCC. 

In preferred embodiments, the Voice recognition system 
further comprises means for user-initiated and/or new 
model-availability-initiated adaptation of voice models on 
the Voice recognition device. The means for new-model 
availability-initiated adaptation preferably uses accumulated 
personal acoustic data recorded during user-initiated adapta 
tion of Voice models on the Voice recognition device or 
recorded during operation of the Voice recognition device to 
identify keywords. 

In preferred embodiments, the Voice recognition system 
further comprises one or more means for upgrading and 
downloading a voice recognition system to the Voice recog 
nition device, means for initiating a diagnostic test on the 
Voice recognition device, means for providing customer Sup 
port via a network, and means for providing wireless capable 
device compatibility Support comprising instructions for 
pairing the Voice recognition device with a wireless capable 
application device. 

In an embodiment of the present invention, an apparatus for 
improved Voice recognition is provided. The apparatus com 
prises a set-up device comprising a first Voice Keyword Table 
(VKT) and a first voice recognition system; and a Voice rec 
ognition device comprising a second VKT corresponding to 
the first VKT and a second voice recognition system, the 
Voice recognition device connectible to the set-up device 
through an interface. The VKT comprises visual form data, 
spoken form data, phonetic format data, and an entry corre 
sponding to a keyword, and TTS-generated Voice prompts 
and Voice models corresponding to the phonetic format data. 
The voice recognition device is preferably a Voice Key Pad 
(VKP) device or a wireless earset. The set-up device is pref 
erably a personal computer (PC). 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will now be described, by way of 
example, with reference to the accompanying drawings, in 
which: 

FIG. 1 is a block diagram of a voice recognition (VR) 
apparatus according to an embodiment of the present inven 
tion; 

FIG. 2A is a block diagram of a set-up device according to 
an embodiment of the present invention; 

FIG. 2B is a block diagram of a Voice Keyword Table 
(VKT) on the set-up device according to an embodiment of 
the present invention; 

FIG. 3A is a block diagram of a VR device according to an 
embodiment of the present invention; 

FIG.3B is a block diagram of a corresponding VKT on the 
VR device according to an embodiment of the present inven 
tion; 

FIG. 4 is a block diagram of an application device accord 
ing to an embodiment of the present invention; 
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4 
FIG. 5 is a flow diagram of a method of improved voice 

recognition according to an embodiment of the present inven 
tion; 

FIG. 6A is a flow diagram of a method of generating a VKT 
according to an embodiment of the present invention; 

FIG. 6B is a flow diagram of a method of performing 
TTS-guided-pronunciation editing according to an embodi 
ment of the present invention; 

FIG. 7A is a flow diagram of a method of upgrading the 
set-up device VR system according to an embodiment of the 
present invention; 

FIG. 7B is a flow diagram of downloading an updated 
version of the VR device system to the set-up device accord 
ing to an embodiment of the present invention; 
FIG.7C is a flow diagram of a method of updating the VR 

system on the VR device according to an embodiment of the 
present invention; 

FIG. 8 is a flow diagram of a method of user-initiated voice 
model adaptation according to an embodiment of the present 
invention; 
FIG.9A is a flow diagram of a method of downloading new 

Voice models to the set-up device according to an embodi 
ment of the present invention; 

FIG. 9B is a flow diagram of a method of new-model 
availability-initiated Voice model adaptation according to an 
embodiment of the present invention; and 

FIG. 10 is a flow diagram of a method of performing a 
diagnostic routine on the VR device according to an embodi 
ment of the present invention. 

DESCRIPTION 

FIG. 1 is a block diagram of a voice recognition (VR) 
apparatus according to an embodiment of the present inven 
tion. 

In a preferred embodiment of the invention, the VR appa 
ratus comprises a set-up device 100, a voice recognition (VR) 
device 200, and an application device 300. The set-up device 
may be, for example, a personal computer or personal digital 
assistant (PDA). 
The VR device 200 may be, for example, a headset, a 

speakerphone, an earset or an earset/speakerphone combo 
with VR functionality. In preferred embodiments, VR device 
200 is a Voice Keypad (VKP), namely a device with the ability 
to recognize keywords uttered by a user and generate corre 
sponding outputs, for example, commands or text-strings, for 
use by an application device. 
The application device 300 is a device that performs a 

function under the control of the VR device 200. The appli 
cation device 300 may be, for example, a mobile telephone, a 
PDA, a global positioning device, a home appliance or infor 
mation appliance, a personal computer, a control system for a 
DVD/MP3 player, a car radio, or a car function controller. 

Set-up device 100, VR device 200 and application device 
300 are connected by wired or wireless connections. In a 
preferred embodiment, set-up device 100 is connected to VR 
device 200 by a USB interface, while VR device 200 is 
connected to application device 300 by a wireless interface, 
for example, Bluetooth. 

In the embodiment described below, the set-up device 100 
is a personal computer, the VR device 200 is a wireless earset, 
and the application device 300 is a mobile telephone. How 
ever, it is understood that this embodiment is exemplary in 
nature and in no way intended to limit the scope of the inven 
tion to this particular configuration. 

In this embodiment, VR device 200 may be used as a VKT 
for dialing numbers and entering commands on the applica 
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tion device 300. In conjunction therewith, VR device 200 
provides conventional wireless earset functionality, namely, 
audio input/output for conversation and other communication 
via the mobile telephone. It is understood that when con 
nected to set-up device 100, VR device 200 may also serve as 5 
an audio input/out device for the set-up device. 

In the case where application device 300 is simply a control 
system, for example, a control system for a DVD/MP3 player, 
VR device 200 may be used to transmit commands thereto, 
and no audio input/output functionality via the application 10 
device 300 need be provided. 

FIG. 2A is a block diagram of a set-up device 100 accord 
ing to an embodiment of the present invention. 

In a preferred embodiment of the present invention, set-up 
device 100 is a personal computer comprising controller 101, 15 
voice recognition system (VRS) 102, display 120, input 130, 
storage 180, and interface 190. 
The controller 101 may be, for example, a microprocessor 

and related hardware and software for operating the set-up 
device 100. Display 120 may be, for example, a monitor such 20 
as a LCD monitor. Input device 130 may be a keyboard/ 
mouse or other conventional input device or devices. Storage 
180 is a memory or memories, for example, a hard drive or 
flash memory, and is used for storing new Voice models and 
personal accumulated acoustic data, as will be described in 25 
further detail below. An interface 190 for connecting to VR 
device 200 is also provided, for example, a USB interface, a 
wireless interface such as Bluetooth, or an 802.11 wireless 
network interface. Furthermore, set-up device 100 is con 
nected to a network, for example, a global network Such as the 30 
World WideWeb. 

In a preferred embodiment, VRS 102 comprises a Voice 
Keyword Table (VKT) 110 and a number of modules imple 
mented in software and/or hardware on set-up device 100. As 
will be described in further detail in connection with FIGS. 35 
5-10, the modules preferably include Voice Keyword Table 
(VKT) generation module 150 including a TTS-guided-pro 
nunciation editing module 151 and a confusion test module 
152, system upgrade module 155, voice model update mod 
ule 160 including an adaptation module 161, diagnostics 40 
module 165, customer support module 170, and wireless 
capable device compatibility module 175. In a preferred 
embodiment, the VKT and, to the extent that they are soft 
ware, the modules, are stored in a memory or memories of 
set-up device 100. 45 

FIG. 2B is a block diagram of VKT 110 according to an 
embodiment of the present invention. 

In a preferred embodiment of the invention, VKT 110 
comprises table 111, voice model database 112, and TTS 
generated voice prompt database 113. Table 111 stores pre- 50 
defined keywords, such as HOME and SET-UP MENU, and 
user-defined keywords such as BRIAN, RYAN and JOSE, 
and entry data corresponding to the keywords. Entry data may 
be text-strings, such as telephone numbers, or commands, 
Such as a command for entering a set-up menu. 55 
As will be described in further detail below, in preferred 

embodiments, table 111 stores visual form data correspond 
ing to any visual symbol the user uses to represent a keyword 
in the VKT 110, and spoken form data corresponding to an 
utterance associated with the keyword. In addition, table 111 60 
comprises phonetic format data corresponding to the spoken 
form data. 

It is understood that depending on the application device 
used in conjunction with the VR device, keywords of different 
categorizations may be employed. Namely, pre-defined and 65 
user-defined keywords may include command functions 
related to the features of any particular application device. For 

6 
example, if the application device is a MP3 player, the key 
words may include pre-defined MP3 player commands such 
as STOP or RANDOM, user-defined commands, and others. 
The commands may also be associated with operation of the 
VR device itself. For example, the command SET-UPMENU 
may activate a voice prompt interface on the VR device. 

Furthermore, the entry data is not limited to text-strings 
and commands. For example, entry data may include images, 
wave files, and other file formats. It is further contemplated 
that more than one entry field be associated with a given 
keyword. It is also contemplated that the VKT may store 
speaker dependent Voice tags and corresponding speaker 
dependent Voice models and entry data. 

Voice model database 112 stores the current set of voice 
models for the system. In embodiments of the invention, a 
voice model generating module of VRS 102 generates voice 
models corresponding to the phonetic format data for key 
words in VKT 110 to populate voice model database 112. As 
will be explained in further detail below, the voice models 
may comprise universal speaker-independent (SI) voice mod 
els and/or speaker-adapted (SA) voice models adapted 
according to embodiments of the present invention. 

TTS-generated voice prompt database 113 stores data for 
the generation of text-to-speech (TTS) voice prompts used in 
embodiments of the present of invention. In embodiments of 
the invention, a TTS-module of VRS 102 generates speech 
wave files corresponding to the phonetic format data for key 
words in VKT 110 to populate voice prompt database 113. 

Additional features of VKT 110 are described in following 
sections in connection with FIGS. 5-10. 

FIG. 3A is a block diagram of VR device 200 according to 
an embodiment of the present invention. 

In a preferred embodiment of the present invention, VR 
device 200 comprises controller 201, voice recognition sys 
tem (VRS) 202 comprising VKT 210 and voice recognition 
engine (VRE) 220, speaker 230, microphone 240, battery 
250, storage 280, and interface 290. 
The controller 201 may be, for example, a microprocessor 

and related hardware and software for operating the VR 
device 200 and performing digital signal processing on audio 
input received by microphone 240. Speaker 230 is a conven 
tional speaker for outputting audio. Microphone 240 may be 
a single microphone or an array microphone, and is prefer 
ably a small array microphone (SAM). Storage 280 is a 
memory or memories, preferably a flash memory, and is used 
for storing run-time information and/or personal accumulated 
acoustic data, as will be described in further detail below. 
Interface 290 is provided for connecting with set-up device 
100 and application device 300. For example, a USB interface 
may be provided for connecting to set-up device 100, while a 
wireless interface may be provided for connecting to appli 
cation device 300. In the case where VR device 200 connects 
to both devices by a wireless connection, the interface may 
comprise a single wireless interface (for example, Bluetooth) 
or multiple wireless interfaces (for example one Bluetooth 
and one 802.11 wireless network). 
VKT 210 corresponds to VKT 110, and, as shown in FIG. 

3B, comprises corresponding table 211, voice model data 
base 212, and TTS-generated voice prompt database 213. 

In preferred embodiments. VRE 220 receives signals gen 
erated by microphone 240 and processed by controller 201, 
extracts feature data for comparison with Voice models stored 
in voice model database 212 so as to determine if the utter 
ance matches a keyword in VKT 210. As the features and 
operation of Voice recognition engines are well known in the 
art, further description is not provided here. 
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It is a feature of embodiments of this invention that VKT 
110 is mirrored in VKT 210. Namely, data entered into VKT 
110 may be synched to VKT 210, and vice versa, when the 
corresponding devices are connected. 

In embodiments of the present invention, VR device 200 
includes functionality to receive data input independent from 
set-up device 100. For example, VR device 200 may include 
a voice prompt guided interface for adding data to VKT 210. 
In this case, newly adding data in VKT 210 may be synched 
to VKT 110 when the corresponding devices are connected. 

It is a feature of the preferred embodiment of the present 
invention that run-time information collected in the operation 
of VR device 200 is stored in storage 280. When VR device 
200 is connected to set-up device 100, the run-time informa 
tion is uploaded from VR device 200 to the set-up device 100 
and processed by VRS 102 for the purpose of improving voice 
recognition performance. The VR device 200 may then be 
updated according to the results of the processing of run-time 
information and improved Voice recognition performance. 
An example of the kind of run-time information that may be 
stored is acoustic data corresponding to Successful keyword 
recognitions and/or data obtained from application device 
3OO. 

FIG. 4 is a block diagram of application device 300 accord 
ing to an embodiment of the present invention. 

In a preferred embodiment of the present invention in 
which application device 300 is a mobile telephone, applica 
tion device 300 comprises a controller 301, an RF module 310 
with an antenna for connecting to a communications network, 
a control program 302 comprising a dialing module 320 
stored in a memory, a speaker 330 and a microphone 340. An 
interface 390 is provided for connecting to SR device 200, for 
example, a wireless interface such as Bluetooth. As the fea 
tures and structure of a mobile telephone are well known in 
the art, further description is not provided here. 

In general, a user operates VR device 200 to control appli 
cation device 300. In the embodiment where application 
device 300 is a mobile telephone, for example, ifa user wishes 
to dial a contact RYAN, he or she utters the keyword RYAN 
into microphone 240. After front-end digital signal process 
ing, VRS 202 determines a matching keyword, if any. If there 
is a keyword match, entry data corresponding to the matched 
keyword is transmitted from VR device 200 to application 
device 300 via interfaces 290 and 390. If, for example, the 
entry data corresponding to RYAN is a telephone number, a 
dialing module receives the telephone number and dials the 
contact RYAN. It is understood that the system may also 
include other conventional functions such as a voice prompt 
feedback step allowing the user to confirm or reject a keyword 
match. 

It is another feature of preferred embodiments of the 
present invention that during normal use of the VR device 
200, personal acoustic data is recorded and accumulated in 
storage 280 for later use in adaptation. For example, if the user 
utters the keyword RYAN and the user confirms the match 
determined by VRS 202, the recorded utterance is stored in 
storage 280 along with data associating the recorded utter 
ance with the keyword RYAN. It is further understood that 
other methodologies may be employed to determine if VRS 
202 successfully matched the keyword. 

Furthermore, the user may operate VR device 200 to con 
trol the VR device itself. For example, if the user utters SET 
UP menu, controller 201 may cause the VR device to output 
a voice guided set-up menu via speaker 230. 
The operation of the Voice recognition apparatus and com 

ponent parts thereof is described in further detail below. 
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8 
FIG. 5 shows the basic process flow of a preferred embodi 

ment of VRS 102 for achieving improved voice recognition of 
the present invention. Steps 400-430 are described in further 
detail in connection with FIGS. 6-10. 

In step 400. VKT 110 is generated on the set-up device 100 
and downloaded to the VR device 200, where it is stored in a 
memory as VKT 210. 

In step 410, one or both of VRS 102 and VRS 202 are 
upgraded. 

In step 420, voice models are modified and downloaded 
from set-up device 100 to VR device 200. 

In step 430, a diagnostics routine is performed on VR 
device 200. 

In step 440, remote customer Support is provided. In a 
preferred embodiment, an interface may be provided via dis 
play 120 and input 130 allowing a user to link to a knowl 
edgebase or other customer Support services. In addition, 
manual download of updated Software and Voice models may 
be performed through this interface. 

In step 450, remote wireless capable device compatibility 
Support is provided. In a preferred embodiment, an interface 
is provided on display 120 for the user to link to a wireless 
capable device compatibility database over a network using 
input device 130. In a preferred embodiment, the network 
comprises a web server. For example, in an embodiment of 
the present invention in which application device 300 is a 
mobile telephone with Bluetooth functionality, the database 
contains specific instructions for pairing VR device 200 with 
various makes and models of mobile telephones. 

It is understood that the present invention is not intended to 
be limited to the performance of all of steps 400-450, or 
performance of the steps in the above-described order, 
although in a most preferred embodiment each of steps 400 
450 is performed. 

FIG. 6A shows the steps of generating a VKT according to 
a preferred embodiment of the present invention. 

In step 500, keyword data is inputted into visual form and 
corresponding entry fields of table 111. For example, in a 
preferred embodiment, data may be extracted from a software 
application by VKT generation module 150 to populate the 
visual form and entry data fields of table 111. Manual input, 
or editing of extracted data may also be performed to input 
data into table 111. 

In a preferred embodiment of the present invention, visual 
form, spoken form, and entry data is displayable on display 
120 and may be entered/edited in table 111 with input device 
130. 

For example, in an embodiment of the present invention 
where application device 300 is a mobile telephone and set-up 
device 100 is a personal computer, the user may elect to 
extract data from an online telephone program account or an 
email address book located on set-up device 100 or accessed 
by set-up device 100 via a network to populate the visual form 
and entry data fields of table 111. In this case, VKT generation 
module 150 extracts relevant data and populates table 111. 
The table may then be edited by amending, adding, or delet 
ing keywords and entries (for example, names and telephone 
numbers) according to the user's preference. 

In step 510, visual form data is transformed into spoken 
form data. Visual form data corresponds to any visual symbol 
the user uses to represent a keyword in the VKT. On the other 
hand, spoken form data corresponds to an actual utterance 
associated with the keyword. In a preferred embodiment, 
default spoken form data is automatically generated from 
visual form data by VKT generation module 150. If the key 
words are in a language in which the visual form data can also 
serve as the basis for word-to-phoneme translation and is 
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easily edited by a user to achieve different pronunciations, the 
visual form data may simply be copied into the spoken form 
data. For example, if the keyword is RYAN, the visual form 
data and the default spoken form data are the same. On the 
other hand, for a language such as Chinese, in which the 
visual form data cannot serve as the basis for word-to-pho 
neme translation and is not easily edited to achieve different 
pronunciations, a word-to-pinyin translation or the like may 
be employed to generate the default spoken form data in 
pinyin or other alphabet conversion format. Thus, if the key 
word is the Chinese word for “flower and word-to-pinyin 
translation were employed, the visual form data would be the 
Chinese character for flower (e)and the default spoken form 
data would be the pinyin translation thereof, i.e., “HUA’. 
The user may also add or edit spoken form data by manual 

entry through input device 130. For example, in table 111, the 
default spoken form data for keywords BRIAN and JOSE is 
BRIAN and JOSE, but for reasons explained in further detail 
in the following, the spoken form data has been edited to 
BRIAN SMITH and HOSAY. 

In step 515, spoken form data is mapped to phonetic format 
data by VKT generation module 150 by a word-to-phoneme 
translation module utilizing a pronunciation dictionary and 
pronunciation rules. 

In step 520, TTS-guided-pronunciation editing is per 
formed by the TTS-guided-pronunciation editing module 
151. This step is shown in further detail in FIG. 6B, in which 
the following steps are performed. 

In step 550, the user selects a keyword. Subsequently, in 
step 560, a TTS-generated voice prompt is generated by VKT 
generation module 150 according to the phonetic format data 
currently stored corresponding to the selected keyword and 
TTS-generated voice prompt database 113. If the user is 
satisfied with the output, the routine is ended and, at the user's 
option, another keyword may be selected. The Voice prompt is 
preferably outputted by speaker 230 of VR device 200 if VR 
device 200 is connected to set-up device 100. Alternately, a 
speaker or other audio output device of set-up device 100 (not 
shown) may be used. 

If the user is not satisfied with the output, the user may in 
step 570 edit the spoken form data in table 111. The edited 
spoken form data is in turn mapped to phonetic forma in step 
580, and the routine returns to step 560 to determine if the user 
is satisfied with the modification, or if further editing of the 
spoken form data is required to bring the pronunciation gen 
erated by the TTS-generated voice prompt closer to the 
desired pronunciation. 

For example, in the case of a keyword JOSE, the default 
spoken form data is JOSE. However, the mapped phonetic 
format data for JOSE is 'd3oz, which sounds like JOE-SEE 
when the Voice prompt is generated. If this pronunciation is 
unsatisfactory to the user, the user may edit the spoken form 
data to HOSAY, for which the mapped phonetic format data is 
ho'Zei. The Voice prompt generated corresponding to this 
phonetic format data Sounds like the Spanish-language pro 
nunciation of the word Jose. 

Returning to FIG. 6A, in step 530, in a preferred embodi 
ment of the present invention a confusion test is performed on 
VKT 110 by confusion test module 152 in which phonetic 
format data corresponding to keywords is analyzed such that 
keywords are recognized as members of a confusion set and 
distinguished. Namely, phonetic format data from table 111, 
corresponding Voice models from Voice model database 112, 
and a confusion table are used to generate a confusion matrix 
to check and predict the recognition performance for the 
keywords and provide guidance to the user for improving 
performance. For example, the spoken form data may be 
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10 
changed to obtain a different pronunciation, a prefix or suffix 
may be added to the keyword, or adaptation may be per 
formed on the confusable words. 

For example, on determination of a confusion set, the user 
may elect to edit spoken form data for one or more of the 
confused terms, thereby returning the routine to step 510. In 
the case where the keywords are BRIAN and RYAN, phonetic 
format data mapped from the default spoken form data 
(BRIAN and RYAN), may be identified as a confusion set 
based on the Voice models present in Voice model database 
112. Once identified to the user as such, the user may elect to 
edit the spoken form data for BRIAN to BRIAN SMITH. 
New phonetic format data is then mapped from the edited 
spoken form data in step 515. 

It is a feature of embodiments of the present invention that 
the same set of phonetic format data is shared between TTS 
guided-pronunciation editing and Voice recognition. Namely, 
the user edits the pronunciation of a keyword guided by 
TTS-guided-pronunciation editing to be close to his/her own 
accent. Furthermore, the phonetic format data mapped from 
spoken form data that is the result of the TTS-guided-pronun 
ciation editing process is used in the generation of Voice 
models stored in Voice model databases 112/212. Thus, the 
Voice models correspond more closely to the specific pronun 
ciation of the user and the recognition performance of VRS 
202 can be improved. 

FIG. 7A is a flow diagram of a preferred method of upgrad 
ing VRS 102. 

In step 600, the system upgrade module 155 accesses a 
remote server via a network to determine if an updated ver 
Sion of the VRS 102 is available. 

In step 610, if an updated version of the VRS 102 is avail 
able, the user is prompted regarding the availability of the 
upgrade. 

If the user confirms the upgrade in step 610, in step 620 the 
updated version of VRS 102 is downloaded to the set-up 
device 100 via the network and stored in storage 180. 

In step 640, the updated version of VRS 102 is installed on 
set-up device 100. 

FIGS. 7B and 7C show flow diagrams of a preferred 
method of upgrading VRS 202. 

In step 650, the system upgrade module 155 accesses a 
remote server via a network to determine if an updated ver 
Sion of the VRS 202 is available. 

In step 660, if an updated version of the VRS 202 is avail 
able, the user is prompted regarding the availability of the 
upgrade. 

If the user confirms the upgrade in step 660, in step 670 the 
updated version of VRS 202 is downloaded to the set-up 
device 100 via the network and stored in storage 180. 

Then, with reference to FIG.7C, in step 700, the VR device 
200 is connected with the set-up device 100. 

In step 710, system upgrade module 155 checks the version 
of VRS 202 installed on VR device 200. 

If the updated version of VRS 202 is newer than the version 
installed on VR device 200, the user is prompted regarding the 
availability of an upgrade. 

If the user confirms an upgrade, in step 730, the updated 
version of VRS 202 is downloaded to the VR device 200 and 
installed. 

In preferred embodiments of the present invention, voice 
models are modified and downloaded to VR device 200 in two 
different ways: user-initiated and new-model-availability 
initiated. 

FIG. 8 is a flow diagram of a method of performing user 
initiated adaptation of voice models on VR device 200 
according to an embodiment of the present invention. 
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In step 801, the user profile is obtained by voice model 
update module 160. 

In step 802, keyword models are built for adaptation for 
keywords in VKT 110. In preferred embodiments of the 
present invention, pre-defined keyword and digit models are 
built in advance, and only user-defined keywords models 
need to be built for adaptation in this step. 

In step 803, the user is prompted to select a category for 
adaptation. The categories may include pre-defined key 
words, digits, or user-defined keywords. As noted, pre-de 
fined keyword are defined by the system, such as HOME 
corresponding to a text-string or SET-UPMENU correspond 
ing to a command. User-defined keywords are those extracted 
during creation of the VKT 110 or entered by other means. 
Digits are the numerals 0-1-2-3-4-5-6-7-8-9. 

In step 804, the user is prompted to select a mode. For 
example, the user may choose to adapt all keywords, new 
keywords, or manually select the keywords to adapt. 

In step 805, an adaptation engine 161 in voice model 
update module 160 performs an adaptation using accumu 
lated personal acoustic data corresponding to the user profile 
(if any), the currently existing Voice models (for example, the 
original SIVoice models or previously adapted Voice models) 
stored in Voice model database 112, and new speech input 
provided by the user to produce adapted voice models for 
download. In this step, the system is preferably trained with a 
number of utterances corresponding to keywords in the 
selected category as determined by the selected mode to 
improve the recognition performance of the system for a 
given user. Adaptation techniques are well known in the art 
and are not discussed in further detail here. 

In a preferred embodiment, VR device 200 is connected to 
set-up device 100 and new speech input is captured via micro 
phone 240. Otherwise, new speech input may be inputted by 
a microphone provided with set-up device 100 (not shown). 

It is a feature of preferred embodiments of the present 
invention that personal acoustic data is recorded and accumu 
lated in storage 180 in association with the user profile during 
user-initiated adaptation. For example, if the user provides 
new speech input for the keyword RYAN, the recorded utter 
ance is stored in storage 180 along with data associating the 
recorded utterance with the keyword RYAN. 

In step 806, adapted voice models are downloaded from 
set-up device 100 to VR device 200 and stored in voice model 
database 212. 

FIGS. 9A and 9B illustrate a method of modifying voice 
models on VR device 200 initiated by the availability of new 
Voice models on a network according to an embodiment of the 
present invention. 

First, as shown in FIG. 9A, new voice models are down 
loaded to the set-up device. 

In step 810, a remote server is accessed via a network to 
determine if new voice models are available. New Voice mod 
els may be, for example, new SI models developed reflecting 
improvements in the art or directed to a specific speaker group 
and stored on a remote server. 

In step 811, if new voice models are available, the user is 
prompted regarding the availability of the update. 

In step 812, if the user confirms the update, the new voice 
models are downloaded to the set-up device 100 via the net 
work and saved in storage 180. 

FIG. 9B is a flow diagram of a method of new-model 
availability-initiated Voice model adaptation according to an 
embodiment of the present invention. 

In step 815, the user profile is obtained. 
In step 816, the VR device 200 is connected to set-up 

device 100. 
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12 
In step 817, voice model update module 160 compares the 

versions of the voice models in Voice model database 212 on 
the VR device 200 with the new voice models stored in 
storage 180 on set-up device 100. If there are newer versions 
available on the set-up device, the user is prompted regarding 
the available upgrade. 

If the user confirms the upgrade, in step 818, voice model 
update module 160 checks to determine if accumulated per 
Sonal acoustic data corresponding to the user profile is avail 
able. For example, personal acoustic data accumulated during 
previous user-initiated adaptation may be stored in storage 
180. Furthermore, personal acoustic data accumulated during 
normal operation of VR device 200 and stored in storage 280 
may be uploaded to storage 180 and associated with the user 
profile. 

If so, in step 820. VKT 210 is uploaded into a memory in 
set-up device 100. 

In step 825, voice model update module 160 builds key 
word models for adaptation. In preferred embodiments of the 
present invention, pre-defined keyword and digit models are 
built in advance. Thus, only user-defined keywords models 
need to be built for adaptation in this step. 

In step 830, adaptation module 161 performs an adaptation 
using the built-keyword models, new Voice models and the 
accumulated personal acoustic data to generate adapted new 
Voice models. In this step, the accumulated personal acoustic 
data is used as speech input by the adaptation module 161. 
This allows for adaptation of the new models to occur without 
the need for new speech input by the user. 

In step 835, adapted new voice models are downloaded to 
VR device 200. 

If, on the other hand, no accumulated personal acoustic 
data exists, in step 840, VKT 210 is uploaded into a memory 
in set-up device 100. 

In step 845, voice model update module 160 builds key 
word models using the new voice models. In preferred 
embodiments of the present invention, pre-defined keyword 
and digit models are built inadvance. Thus, only user-defined 
keywords models need to be built for adaptation in this step. 

In step 850, updated new voice models are downloaded to 
VR device 200. 

FIG. 10 shows an exemplary flow diagram of a method of 
performing a diagnostic routine according to an embodiment 
of the present invention. 

In step 900, the VR device 200 is connected to set-up 
device 100. 

In step 910, diagnostics module 165 checks the connection 
between the VR device 200 and the set-up device 100. 

In step 920, diagnostics module 165 checks the flash con 
tent of memory in which VR system 202 is stored. 

In step 930, diagnostics module 165 checks the battery 
status of battery 250. 

In step 940, diagnostics module 165 checks the functioning 
of speaker 230. In a preferred embodiment of the invention, a 
test prompt is transmitted to the VR device 200 and output 
through speaker 230. If the user hears the voice prompt, the 
user inputs a positive acknowledgement through input 130 of 
set-up device 100. Otherwise, the user inputs a negative 
acknowledgement through input 130 and the test is a fail. 

In step 950, diagnostics module 165 checks the functioning 
of microphone 240. In a preferred embodiment of the inven 
tion, the user is prompted to speak into microphone 240. 
Based on the speaker input, microphone volume is optimized 
Such that the audio input is neither saturated nor too small to 
be detected. In this regard, an echo test may be performed to 
obtain the optimized input volume of the microphone 240 and 
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output volume of the speaker 230 by controller 201. If no 
input is detected, the test is a fail. 

In preferred embodiments of the invention, the user is 
notified on display 120 of any failed test. Furthermore, where 
appropriate, fix approaches are provided to the user. 

While the invention has been described by way of example 
and in terms of the preferred embodiments, it is to be under 
stood that the invention is not limited to the disclosed embodi 
ments. To the contrary, it is intended to cover various modi 
fications and similar arrangements as would be apparent to 
those skilled in the art. Therefore, the scope of the appended 
claims should be accorded the broadest interpretation so as to 
encompass all such modifications and similar arrangements. 
What is claimed is: 
1. A method for improved Voice recognition in a system 

having a set-up device and a voice recognition device, com 
prising the steps of: 

generating a Voice Keyword Table (VKT) and download 
ing the VKT to the voice recognition device; 

upgrading a Voice recognition system on the Voice recog 
nition device; and 

modifying a voice model in the Voice recognition device; 
wherein the VKT comprise visual form data, spoken form 

data, phonetic format data, and an entry corresponding 
to a keyword, and TTS generated Voice prompts and 
Voice models corresponding to the phonetic format data. 

2. The method of claim 1, wherein the step of generating 
the VKT comprises the steps of: 

inputting visual form data and entry data; 
transforming visual form data to default spoken form data; 
mapping spoken form data to phonetic format; and 
performing TTS-guided-pronunciation editing to modify 

phonetic format data. 
3. The method of claim 2, further comprising the step of 

performing a confusion test using the phonetic format data, 
voice models and a confusion table to identify keywords in a 
confusion set. 

4. The method of claim 3, further comprising the step of 
editing spoken form data and mapping edited spoken form 
data to phonetic format data to eliminate keywords from the 
confusion set. 

5. The method of claim 3, further comprising the step of 
adapting keywords to eliminate keywords from the confusion 
Set. 

6. A method for improved Voice recognition in a system 
having a set-up device and a voice recognition device, com 
prising the steps of: 

generating a Voice Keyword Table (VKT) and download 
ing the VKT to the voice recognition device; 

upgrading a Voice recognition system on the Voice recog 
nition device; and 

modifying a voice model in the Voice recognition device; 
wherein the step of modifying the voice model in the voice 

recognition device comprises the steps of 
building a keyword model from keywords in the VKT: 

Selecting keywords for adaptation; 
obtaining new speech input for selected keywords; 
adapting Voice models for selected keywords using exist 

ing keyword Voice models and new speech input to 
produce adapted Voice models; and 

downloading adapted speech models to the Voice recogni 
tion device. 

7. A method for improved Voice recognition in a system 
having a set-up device and a voice recognition device, com 
prising the steps of: 

generating a Voice Keyword Table (VKT) and download 
ing the VKT to the voice recognition device; 
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14 
upgrading a voice recognition system on the Voice recog 

nition device; and 
modifying a voice model in the Voice recognition device; 
wherein the step of modifying a voice model in the voice 

recognition device comprises the steps of 
downloading a new voice model from a network to the 

set-up device; 
if the new voice model is a newer version than the voice 
model on the Voice recognition device, determining if 
accumulated personal acoustic data exists; 

if accumulated personal acoustic data exists, uploading 
the VKT from the voice recognition device to the 
set-up device, building a keyword model for adapta 
tion from keywords in the uploaded VKT, performing 
adaptation using the new Voice model and accumu 
lated personal data to produce an adapted new Voice 
model, and downloading the adapted new voice 
model to the Voice recognition device; and 

if no accumulated speech data exists, uploading the VKT 
to the set-up device, and building a keyword model for 
keywords in the uploaded VKT using the new voice 
model, and downloading the updated new voice 
model to the Voice recognition device. 

8. The method of claim 7, wherein the accumulated per 
Sonal acoustic data is speech input recorded during user 
initiated adaptation of Voice models and stored on the set-up 
device. 

9. The method of claim 7, wherein the accumulated per 
Sonal acoustic data is speech input recorded during use of the 
Voice recognition device to identify keywords and stored on 
the Voice recognition device. 

10. A method for improved Voice recognition in a system 
having a set-up device and a voice recognition device, com 
prising the steps of: 

generating a Voice Keyword Table (VKT) and download 
ing the VKT to the voice recognition device; 

upgrading a voice recognition system on the Voice recog 
nition device; 

modifying a voice model in the Voice recognition device; 
saving run-time information in the Voice recognition 

device; 
uploading saved run-time information from the Voice rec 

ognition device to the set-up device; 
processing run-time information on the set-up device; and 
updating the Voice recognition device according to the 

results of the processing of run-time information on the 
set-up device to improve Voice recognition perfor 
aCC. 

11. A method for improved Voice recognition in a system 
having a set-un device and a voice recognition device, com 
prising the steps of: 

generating a Voice Keyword Table (VKT) and download 
ing the VKT to the voice recognition device; 

upgrading a voice recognition system on the Voice recog 
nition device; 

modifying a voice model in the Voice recognition device; 
and 

initiating a diagnostic test on the Voice recognition device 
by the set-up device. 

12. The method of claim 11, wherein the diagnostic test 
further comprise a step of generating a user alert when Voice 
recognition device hardware is not functioning properly. 

13. The method of claim 11, wherein the diagnostic test 
further comprises a step of optimizing a microphone Volume 
and a speaker Volume on the Voice recognition device. 
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14. The method of claim 11, wherein the step of initiating 
a diagnostic test further comprises a step of testing the con 
nection between the set-up device and the Voice recognition 
device. 

15. A Voice recognition system installed on a set-up device 
for improving Voice recognition on a Voice recognition device 
comprising: 

a Voice Keyword Table (VKT) generating means for gen 
erating a VKT and downloading the VKT to the VKT to 
the Voice recognition device; and 

means for updating Voice models on the Voice recognition 
device; 

wherein the VKT comprises visual form data, spoken form 
data, phonetic format data, and an entry corresponding 
to a keyword, and TTS-generated Voice prompts and 
Voice models corresponding to the phonetic format data. 

16. The voice recognition system of claim 15, further com 
prising means for performing a confusion test to identify 
keywords in a confusion set. 

17. A Voice recognition system installed on a set-up device 
for improving Voice recognition on a Voice recognition device 
comprising: 

a Voice Keyword Table (VKT) generating means for gen 
erating a VKT and downloading the VKT to the VKT to 
the Voice recognition device; 

means for updating Voice models on the Voice recognition 
device; and 
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means for updating the Voice recognition device according 

to the results of the processing of run-time information 
saved on the Voice recognition device to improve Voice 
recognition performance. 

18. A voice recognition system installed on a set-up device 
for improving Voice recognition on a Voice recognition device 
comprising: 

a Voice Keyword Table (VKT) generating means for gen 
erating a VKT and downloading the VKT to the VKT to 
the Voice recognition device; 
means for updating voice models on the Voice recogni 

tion device; and 
means for initiating a diagnostic test on the Voice recog 

nition device. 
19. An apparatus for improved Voice recognition, compris 

ing: 
a set-up device comprising a first Voice Keyword Table 
(VKT) and a first voice recognition system; and 

a voice recognition device comprising a second VKT cor 
responding to the first VKT and a second Voice recog 
nition system, the Voice recognition device connectible 
to the set-up device through an interface; 

wherein the first VKT and the second VKT comprise visual 
format data, spoken form data, phonetic format data, and 
an entry corresponding to a keyword, and TTS-gener 
ated Voice prompts and Voice models corresponding to 
the phonetic format data. 

k k k k k 
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