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(57) ABSTRACT 

A speech recognition system recognizes spoken utterances 
received as a speech signal from a user. A prompt for 
requesting a spoken utterance from the user is assigned a 
response identi?er Which indicates at least one of a plurality 
of speech recognizers to best recognize a particular type of 
spoken utterance. The system includes a processor for 
receiving the speech signal from the user in response to the 
prompt. The processor also directs the speech signal to the 
at least one speech recognizer indicated by the response 
identi?er. The speech recognizer generates a plurality of 
spoken utterance choices from the speech signal and a 
probability associated With each of the plurality of choices. 
At least one of the spoken utterance choices is selected based 
on the associated probabilities. 
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DISTRIBUTED RECOGNITON SYSTEM HAVING 
MULTIPLE PROMPT-SPECIFIC AND 

RESPONSE-SPECIFIC SPEECH RECOGNIZERS 

FIELD OF THE INVENTION 

[0001] The present invention is directed to a speech rec 
ognition system. More particularly, the present invention is 
directed to a speech recognition system that uses multiple 
speech recognizers to increase its accuracy. 

BACKGROUND OF THE INVENTION 

[0002] Speech recognition systems are increasingly being 
used to translate human spoken Words or utterances into 
their Written equivalent and meaning. Speech recognition 
systems can avoid the need for spoken utterances to be 
manually entered into a computer, or to be recogniZed by a 
human. Therefore, speech recognition systems are desirable 
for many businesses because these systems can minimiZe the 
number of human operators needed to handle calls from 
customers. 

[0003] One draWback to speech recognition systems hoW 
ever, is that they can provide inaccurate results. An eXact 
correspondence betWeen the spoken utterance and an output 
recogniZed by a speech recogniZer is difficult to attain due to, 
for eXample, the deterioration of speech signals that rou 
tinely occurs over conventional telephone lines and algo 
rithmic limitations. Such deterioration present in the speech 
signals may cause a speech recogniZer to produce a recog 
niZed output that does not correspond to the spoken utter 
ance. Because of limitations introduced into the speech 
signal by the telephone lines, the speech recogniZer may 
confuse similar sounding letters and numbers. Thus, a 
speech recogniZer may confuse the letter “B” With the 
number “3” or the letter “C”. For eXample, given that a user 
utters the numbers “123” into a telephone, the speech 
recogniZer may produce “12B” as the output. 

[0004] Additionally, various speech recogniZers have their 
oWn strengths and Weaknesses With respect to accurately 
identifying spoken utterances. For eXample, one speech 
recogniZer may perform better at recogniZing a sequence of 
alpha-numeric characters While other speech recogniZers 
perform better at recogniZing proper nouns such as for 
examples, names of places, people and things. Also, some 
speech recogniZers can execute certain tasks faster or require 
less processing time than other speech recogniZers. 

[0005] If such speech recognition systems are utiliZed, it is 
important that the speaker communicate accurate informa 
tion to the system With maXimum machine assistance and 
minimum user intervention. For eXample, it is desirable that 
the user be prompted as feW times as possible to repeat 
questionable information or to supply additional information 
for the speech recognition system to reach the correct result. 

[0006] Based on the foregoing there is a need for a speech 
recognition system that has an increased recognition accu 
racy Without the necessity of relying on human operator 
intervention or requiring additional input from the user. 

SUMMARY OF THE INVENTION 

[0007] One embodiment of the present invention is a 
speech recognition system for recogniZing spoken utter 
ances received as a speech signal from a user. Aprompt for 
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requesting a spoken utterance from the user is assigned a 
response identi?er Which indicates at least one of a plurality 
of speech recogniZers to best recogniZe a particular type of 
spoken utterance. The system includes a processor for 
receiving the speech signal from the user in response to the 
prompt. The processor also directs the speech signal to the 
at least one speech recogniZer indicated by the response 
identi?er. The speech recogniZer generates a plurality of 
spoken utterance choices from the speech signal and a 
probability associated With each of the plurality of choices. 
At least one of the spoken utterance choices is selected based 
on the associated probabilities. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a block diagram illustrating a speech 
recognition system in accordance With one embodiment of 
the present invention. 

[0009] FIG. 2 is a ?oWchart illustrating the steps per 
formed by a speech recognition system in accordance With 
one embodiment of the present invention. 

DETAILED DESCRIPTION 

[0010] One embodiment of the present invention is a 
speech recognition system that uses multiple speech recog 
niZers to enhance its recognition accuracy. FIG. 1 is a block 
diagram illustrating a speech recognition system 100 in 
accordance With one embodiment of the present invention. 
Speech recognition system 100 includes an input/output 
(I/O) interface 101. I/O interface 101 interfaces system 100 
to a user. I/O interface 101 can be a remote interface, such 
as a telephone line connection as shoWn in FIG. 1. I/O 
interface can also be a local interface, for eXample, a 
microphone and a speaker. 

[0011] In the embodiment shoWn in FIG. 1, I/O interface 
101 is coupled through a netWork 200 to a telephone 300. 
Telephone 300 enables a user of speech recognition system 
100 to access the system by participating in a telephone call 
betWeen telephone 300 and system 100. The user can 
transmit a speech signal to system 100 through telephone 
300 as Well as receive signals from system 100. NetWork 
200 can be any netWork that enables the user at telephone 
300 to dial a telephone number associated With system 100. 
For eXample, netWork 200 can be the Public SWitched 
Telephone NetWork (“PSTN”), a local area netWork, the 
Internet, or an intranet. 

[0012] Speech recognition system 100 also includes an 
analog-to-digital (“A/D”) converter 103 coupled to I/O 
interface 101 and a processor 110. A/D converter 103 
converts analog speech signals from spoken utterances 
received from I/O interface 101 into digital signals. Alter 
natively, a digital signal may be sent through a digital 
netWork. An eXample is Where A/D converter 103 is located 
locally. These digital signals are then received by processor 
110. Processor 110 includes a memory 111 and a central 
processing unit (CPU) 11 that eXecutes a supervisory oper 
ating system to coordinate the interactions betWeen some of 
the different system elements. CPU 11 also eXecutes appli 
cation softWare in response to information supplied by the 
user. 

[0013] Memory 111 may be a combination of random 
access memory (RAM), read only memory (ROM) and/or 
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erasable programmable read only memory (EPROM) com 
ponents. One or more system components may directly 
access memory 111, Without the use of processor 110. In 
addition, one or more of the system components may 
incorporate its oWn local memory. 

[0014] Speech recognition system 100 further includes a 
recognizer sWitch 104, a data storage device 108 and speech 
recogniZers A, B and C, labeled 105, 106 and 107, respec 
tively. Each speech recogniZer includes speech processing 
softWare and hardWare that receives a speech signal gener 
ated from a human utterance and generates one or more 
choice of Words that represent the utterance. For each choice 
of Words, a probability that the choice of Words is the correct 
choice may also be generated by the speech recogniZers. As 
illustrated, three speech recogniZers are shoWn, but many 
such recogniZers can be included in system 100. Database 
108 stores prerecorded prompts used to communicate With 
the user by soliciting responses from the user. For example, 
database 108 may store prompts Which request a user’s 
account number or requests a method of payment for a 
particular transaction. 

[0015] In one embodiment of the present invention, the 
speech recogniZers utiliZe a Hidden Markov Model to gen 
erate a list of “N-best” choices for the solicited response. An 
example of this method of speech recognition is disclosed in 
US. Pat. No. 5,241,619, herein incorporated by reference. In 
another embodiment, each speech recogniZer executes post 
processing routines to generate multiple choices and asso 
ciated probabilities for each choice. Further, other knoWn 
methods can be used by the speech recogniZers to generate 
multiple choices and probabilities assigned to these choices. 

[0016] Speech recogniZers 105-107 preferably have dif 
ferent capabilities or effectiveness in handling speci?c rec 
ognition situations. That is, the recogniZers may provide 
varying degrees of reliability under different circumstances. 
For example, one speech recogniZer may provide the most 
reliable recognition of numbers or digits, another may 
provide high reliability for recognition of letters of the 
alphabet, still another may provide high reliability in a 
speci?c limited vocabulary. These capabilities may be deter 
mined by testing each of the recogniZers before implemen 
tation into recognition system 100. This testing process may 
include suppling each speech recogniZer With an identical 
spoken utterance. A plurality of these identical spoken 
utterances may be supplied to each speech recogniZer. The 
plurality of identical spoken utterances includes may types 
of spoken utterances such as digits, letters of the alphabet, 
limited vocabulary, etc. Each recogniZer then processes the 
spoken utterances and returns an output signal. The output 
signals of the speech recogniZers are compared With correct 
signals Which represents the spoken utterances to determine 
Which speech recogniZer or speech recogniZers correctly 
recogniZed the spoken utterances. After employing multiple 
types of spoken utterances such as digits, letters of the 
alphabet, limited vocabulary, etc., the recogniZer that pro 
vides the highest reliability for recogniZing a particular type 
of spoken utterance is assigned to recogniZe that particular 
type of spoken utterance. Additionally, there are other fac 
tors taken into consideration When assigning a speech rec 
ogniZers to recogniZe a particular type of spoken utterance. 
These factors may include the cost associated With a speech 
recogniZer recogniZing a particular type of spoken utterance 
and the speed at Which the speech recogniZe can recogniZe 
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the particular type of spoken utterance. According to an 
embodiment of the present invention, recogniZer A may be 
assigned to recogniZe digits, recogniZer B may be assigned 
to recogniZe letters of the alphabet and recogniZer C may be 
assigned to recogniZe limited vocabulary. 

[0017] In continuing With the description of an embodi 
ment of the present invention, processor 110 is programmed 
to select from a plurality of prompts stored in database 108. 
A prompt can be in the form of recorded or computer 
generated voice or in the form of a textual prompt if the 
customer has a local display that is connected to speech 
recognition system 100. The selected prompt is presented to 
the user to obtain a spoken utterance. Associated With each 
prompt is a response identi?er Which indicates the speech 
recogniZer to be used for recogniZing the spoken utterance. 
If a spoken utterance is supplied by the user, processor 110 
along With sWitch 104 directs the response to the speech 
recogniZer indicated by the response identi?er. According to 
the present invention, a response identi?er can indicate more 
than one speech recogniZer if it is anticipated that the spoken 
utterance Will contain multiple types of input utterances. 

[0018] Each spoken utterance from the user initiates the 
next prompt in a ?exible schedule of prompts to retrieve user 
information. For the purpose of this application the ?exible 
schedule of prompts for recognition system 100 is imple 
mented in an airline reservation and information system in 
a manner noW described. 

[0019] A user dialing a predetermined number associated 
With the airline reservation and information system is con 
nected to system 100 via netWork 200. Processor 110 
instructs the user With a stored prompt from database 108 
requesting the user to speak his account number. For 
example, in the airline reservation embodiment, the prompt 
could be “What is your account number?” The account 
number can consist of all numbers or a combination of 
alpha-numeric characters. Associated With the stored prompt 
is the response identi?er. The response identi?er assigns at 
least one speech recogniZer to a stored prompt in anticipa 
tion of the spoken utterance. Therefore, if system 100 
anticipates receiving an alpha-numeric character as the 
spoken utterance for the user’s account number, the response 
parameter Will assign speech recogniZer A to recogniZe 
digits and speech recogniZer B to recogniZe letters of the 
alphabet. 

[0020] Once the user supplies recognition system 100 With 
a spoken utterance in response to the request for his account 
number, a speech signal is generated in response to the 
user’s utterance. Processor 110 processes the speech signal 
and forWards the user’s response to the speech recogniZer 
associated With the response identi?er. The assigned speech 
recogniZer decodes the received speech signal. In one 
embodiment, the assigned speech recogniZer utiliZes a Hid 
den Markov Model to generate one Word choice or to 
generate a list of “N-best” choices. A probability for each 
Word choice that that Word choice is the correct Word choice 
can also be generated. In another embodiment, the assigned 
speech recogniZer generates one Word choice, and then 
optionally executes post-processing routines to generate 
multiple choices and associated probabilities for each 
choice. Further, other knoWn methods can be used by the 
assigned speech recogniZer to generate one Word choice or 
multiple Word choices from the received speech signal. 
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[0021] In the case Where multiple speech recognizers have 
been assigned, each speech recognizer provides a Word 
choice and an assigned probability. These probabilities can 
be compared to determine Which is higher, thus indicating 
the recogniZer that best recogniZed the user’s utterance. In 
another embodiment, an output signal from each recogniZer 
is supplied to a comparator. The comparator compares the 
output signals to determine if a match betWeen the output 
signals occurs. If a match occurs, the matched output signal 
is used to generate a Word choice. Alternatively, if a match 
does not occur, each output signal is used to generate a 
different Word choice With an assigned probability. 

[0022] After the Word choices and the probabilities have 
been assigned, one of the Word choices is then selected using 
knoWn methods of selecting the Word choice With the 
highest probability. Once a Word choice is selected, knoWn 
methods can be used to con?rm that the selected Word 
choice is the correct Word choice. For eXample, using 
another stored prompt from database 108, system 100 can 
ask the user “Is this your correct account number? Say Yes 
or No.” The response from the user Will con?rm if the 
selected Word choice Was correct. 

[0023] Alternatively, a predetermined probability thresh 
old could be used to ?lter out Word choices falling beloW a 
predetermined probability value. In this case, each Word 
choice having an assigned probability beloW the predeter 
mined probability value Would be discarded and only Word 
choices above the predetermined probability threshold 
Would be presented to the user for veri?cation. 

[0024] In response to a veri?ed spoken utterance, speech 
recognition system 100 could further request, “Which air 
port do you Wish to depart from?” Associated With this 
prompt is the response identi?er assigning speech recogniZe 
C Which most accurately recogniZes Words in a limited 
vocabulary. For the purpose to the airline reservation and 
information system eXample of the present invention, a list 
of all the names of the airports Would be stored by speech 
recogniZer C. Table 1 beloW is an eXample of stored prompts 
and associated response identi?er according to the present 
invention. 

TABLE 1 

Stored Prompts Response Identi?er 

What is your account number? 
Which airport do you Wish to depart from? 

What is your telephone number? 
Is this information correct? Say Yes or 

No. 
Please spell your last name. 

Recognizer A & Recognizer B 
Recognizer C 
Recognizer A 
Recognizer C 

Recognizer B 

[0025] FIG. 2 is a ?oWchart illustrating some of the steps 
performed by one embodiment of speech recognition system 
100 When a user dials the telephone number associated With 
speech recognition system 100 from telephone 300. The call 
is connected to netWork 200 or to other call processing 
hardWare in the manner previously described. 

[0026] At step 300, processor 110 selects a prompt stored 
in database 108 to present to the user. Associated With the 
stored prompt is a response identi?er. The response identi?er 
assigns at least one speech recogniZer Which performs best 
at recogniZing a particular type of human utterance. In step 
300, the prompt is a request for the user’s account number. 
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[0027] At step 301, processor 110 receives a speech signal 
generated by the user’s utterance in response to the request 
for the user’s account number. For eXample, the user’s 
account number “CBA123 ” Will be spoken by the user if 
this is the account number assigned to the user. 

[0028] At step 302, speech recogniZer A and speech rec 
ogniZer B receive the speech signal representing “CBA123” 
from processor 100. At step 303, each speech recogniZer 
generates a plurality of choices of possible user account 
numbers based on the received speech signal. These choices 
are generated using the speech recognition hardWare and 
softWare previously discussed. Associated With each choice 
is a probability as to Whether that choice is the correct 
account number. Table 2 beloW is an eXample of some of the 
choices and associated probabilities that might be generated 
in response to the user’s utterance of “CBA123”. The list of 
choices in Table 2 can include the choices for both recog 
niZer A and recogniZer B or a separate list of choices and 
assigned probabilities can be created for each recogniZer. 

TABLE 2 

Account Number Probabilities 

CBA123 .01 
ZBA123 .003 
BBA023 .006 
GCK123 .005 

[0029] At step 304, the user account number With the 
highest probability is presented to the user (e.g., “CBA123” 
in the eXample of Table 2). In addition, the user may be 
asked Whether the presented user account number is the 
correct account number. For eXample, a prompt With a 
response identi?er assigning RecogniZer C, can request the 
user to verify that “CBA123” is the correct account number 
by asking the user, “Is your account number CBA123? Say 
Yes or NO.” 

[0030] At step 305, based on the response from the user at 
step 304, processor 110 determines Whether the presented 
user account number is the correct account number. If it is, 
then speech recognition system 100 has successfully recog 
niZed the correct user account number. 

[0031] HoWever, if it is not the correct account number, at 
step 306, the account number With the neXt highest prob 
ability (i.e., “ZBA123” in the eXample of Table 2) maybe 
presented to the user. Steps 305 and 306 are repeated until 
the correct account number is successfully recogniZed. 

[0032] As disclosed, the present invention utiliZes mul 
tiple speech recogniZers to increase the accuracy of spoken 
utterances from a user. A prompt, used to solicit a response 
from a user in the form of a spoken utterance, is assigned to 
a speech recogniZer designed to best recogniZe a particular 
type of spoken utterance. Thus, this alloWs speech recogni 
tion to proceed more quickly and accurately and With less 
disruption to the user. Several embodiments of the present 
invention are speci?cally illustrated and/or described herein. 
HoWever, it Will be appreciated that modi?cations and 
variations of the present invention are covered by the above 
teachings and Within the purvieW of the appended claims 
Without departing from the spirit and intended scope of the 
invention. 
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What is claimed is: 
1. A method for recognizing a spoken utterance of a user 

comprising the steps of: 

assigning at least one of a plurality of speech recogniZers 
to a prompt for requesting a spoken utterance; 

presenting a user With said assigned prornpt; 

receiving said spoken utterance from said user in response 
to said prompt and generating a speech signal from said 
received spoken utterance; and 

directing said speech signal to the at least one assigned 
speech recogniZer; 

2. The method of claim 1, further comprising the steps of: 

generating a plurality of spoken utterance choices from 
the speech signal and a probability associated With each 
of said plurality of choices; and 

selecting the spoken utterance based on the associated 
probabilities. 

3. The method of claim 2, Wherein the step of selecting the 
spoken utterance comprises the steps of: 

presenting a highest probability spoken utterance choice 
to the user; and 

determining Whether the presented highest spoken utter 
ance choice is correct. 

4. The method of claim 3, Wherein the step of selecting the 
spoken utterance comprises the steps of: 

presenting a neXt highest probability spoken utterance 
choice to the user; 

determining whether the presented neXt highest spoken 
utterance choice is correct; and 

repeating the steps of presenting a neXt highest probability 
and determining Whether the presented neXt highest 
probability is correct if it is determined at the step of 
determining Whether the presented neXt highest prob 
ability is correct, that the neXt highest spoken utterance 
choice is not correct. 

5. The method of claim 2, Wherein the step of generating 
a plurality of spoken utterance choices cornprises using a 
hidden Markov Model to generate N-best choices. 

6. The method of claim 2, Wherein the step of generating 
a plurality of spoken utterance choices comprises the steps 
of: 

recogniZing a ?rst spoken utterance; and 

post-processing the ?rst spoken utterance to generate the 
plurality of spoken utterance choices; 

7. The method of claim 1, Wherein the step of assigning 
cornprises assigning at least one speech recogniZer that 
provides a highest reliability for recogniZing a particular 
type of spoken utterance. 

8. The method of claim 7, Wherein said particular type of 
spoken utterance includes numbers. 

9. The method of claim 7, Wherein said particular type of 
spoken utterance includes letters of the alphabet. 

10. The method of claim 7, Wherein said particular type of 
spoken utterance includes a limited vocabulary. 

11. A speech recognition system for recogniZing a spoken 
utterance comprising: 

a processor for presenting a user With a prompt; and 
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a plurality of speech recogniZers coupled to said proces 
sor, Wherein each speech recogniZer generates a plu 
rality of spoken utterance choices from a speech signal 
and a probability for each spoken utterance choice; 

Wherein said prornpt is assigned at least one speech 
recogniZer that provides a highest reliability for recog 
niZing a particular type of spoken utterance. 

12. The speech recognition system of claim 11, further 
comprising a database coupled to said processor, said data 
base having stored therein a plurality of prornpts assigned to 
at least one speech recogniZer that provides a highest 
reliability for recogniZing a particular type of spoken utter 
ance. 

13. The speech recognition system of claim 11, further 
comprising an input/output interface to receive a speech 
signal from a user. 

14. The speech recognition system of claim 13, Wherein 
said input/output interface is coupled through a netWork and 
a telephone. 

15. The speech recognition system of claim 13, Wherein 
said input/output interface comprises a microphone. 

16. The speech recognition system of claim 14, Wherein 
said netWork is the Internet. 

17. The speech recognition system of claim 14, Wherein 
said netWork is a public sWitched telephone netWork. 

18. The speech recognition system of claim 14, Wherein 
each speech recogniZer generates a plurality of spoken 
utterance choices using a hidden Markov Model to generate 
N-best choices. 

19. The speech recognition system of claim 11, Wherein 
each prornpt is assigned at least one speech recogniZer that 
provides a highest reliability for recogniZing a particular 
type of spoken utterance. 

20. The speech recognition system of claim 19, Wherein 
said particular type of spoken utterance includes numbers. 

21. The speech recognition system of claim 19, Wherein 
said particular type of spoken utterance includes letters of 
the alphabet. 

22. The speech recognition system of claim 19, Wherein 
said particular type of spoken utterance includes a limited 
vocabulary. 

23. A method for recogniZing a plurality of utterances 
spoken by a user, the method comprising the steps of: 

generating a ?rst prornpt requesting a ?rst utterance; 

receiving said ?rst utterance; 

generating a ?rst speech signal based on said received ?rst 
utterance; 

directing said ?rst speech signal to a ?rst speech recog 
niZer assigned to recogniZe speech received in response 
to said ?rst prornpt; 

generating a second prornpt requesting a second utter 
ance; 

receiving said second utterance; 

generating a second speech signal based on said received 
second utterance; and 

directing said second speech signal to a second speech 
recogniZer assigned to recogniZe speech received in 
response to said second prornpt. 


