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(57) ABSTRACT 

A novel voice-enabled directory look-up system is dis 
closed. In one embodiment, an operator reads the ?rst feW 
characters from each of the ?rst and last names of a mail 
addressee. The system captures the speech as an audio 
signal, Which is parsed into character position segments. The 
system determines one or more candidate characters that 
might have resulted in the audio signal for each character 
position segment. The system then expands the list of 
candidate characters for at least one character position to 
include one or more characters that sound like the original 
candidate characters for that character position. The candi 
date characters for the respective character positions are 
composed into a regular expression, Which is applied using 
an inexact string matching look-up routine to a directory of 
records. Records With the best matches are returned in a 
menu for the operator. The operator selects the desired 
record from the menu. 

In another embodiment, an operator reads aloud the thou 
sands and hundreds digits of the street number and the ?rst 
three letters of the street name from a mail piece. A voice 
engine parses and decodes the speech into candidate char 
acters for each character position. The system selects alter 
native characters that sound similar to candidate characters 
in a given character position. An inexact string matching 
routine retrieves records from a carrier route directory that 

Int. Cl.7 ................................................... .. G10L 17/00 match either a candidate character or an alternative character 

U.S. Cl. ............................................................ .. 704/249 in each position of each data ?eld. 
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VOICE-ENABLED DIRECTORY LOOK-UP 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to voice 
recognition, and more particularly, but not exclusively, to the 
retrieval of records from a directory using spoken characters. 

[0002] Certain modern data retrieval systems use voice 
recognition technology to select a desired record from 
among many. These systems, hoWever, fail to perform 
adequately in certain circumstances, such as in the recog 
nition of certain characters that sound similar When spoken. 
Such failures severely limit the utility of these systems for 
many operators and in many applications. 

[0003] Other systems fail to correctly retrieve records 
When one or more characters are missing or incorrectly 
interpreted. Again, such systems are of limited utility in 
many applications and for many operators. 

[0004] It is, therefore, apparent that a need exists for 
improved systems that apply voice recognition technology 
to large-directory look-up situations. 

SUMMARY OF THE INVENTION 

[0005] It is an object of this invention to provide an 
improved system for retrieving records from a directory 
using spoken characters as input. 

[0006] It is another object of this invention to provide an 
improved table look-up system for contexts in Which opera 
tors’ speech patterns are inconsistent, or the pre?x letters 
that are read by the operator are not clearly legible. 

[0007] These objects and others are provided in a system, 
method, and apparatus that retrieve data from a directory 
based on the spoken initial characters of one or more ?elds. 
Substitution groups are established, each containing char 
acters that sound alike When spoken. For each query, an 
operator speaks the ?rst feW characters of the one or more 
?elds. The characters are parsed and decoded from the 
speech, thereby producing a set of candidate decodings for 
each character position. Then, for at least one character 
position, one or more alternative characters (from the same 
substitution group(s) as the candidate character(s) for that 
character position) are selected to broaden the search. In 
some such embodiments, a regular expression is created 
that, for each character position output by the voice engine, 
matches (1) any of the candidate characters presented by the 
voice engine, or (2) any alternative character that is in a 
substitution group Within one or more of the decoded 
characters. The regular expression is processed by an inexact 
string matching look-up routine and applied to the directory. 
The best matches are presented to the operator, Who selects 
the desired record. 

[0008] Other embodiments, forms, variations, objects, fea 
tures, and applications may appear to those skilled in the art 
from the draWings and description contained herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 shoWs a block diagram of a voice-enabled 
look-up system. 

[0010] FIG. 2 shoWs a block diagram of another voice 
enabled look-up system. 
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[0011] FIG. 3 shoWs a Workstation suitable for use in the 
systems of FIGS. 1 and 2. 

DESCRIPTION OF SELECTED EMBODIMENTS 

[0012] For the purpose of promoting an understanding of 
the principles of the invention, reference Will noW be made 
to the embodiments illustrated in the draWings and speci?c 
language Will be used to describe the same. It Will never 
theless be understood that no limitation of the scope of the 
invention is thereby intended; any alterations and further 
modi?cations of the described or illustrated embodiments, 
and any further applications of the principles of the inven 
tion as illustrated therein are contemplated as Would nor 
mally occur to one skilled in the art to Which the invention 
relates. 

[0013] Generally speaking, FIG. 1 shoWs a voice-enabled 
look-up system Wherein a postal employee prepares a mail 
piece for automated processing. The operator reads at least 
the ?rst feW characters of the street number and name. The 
speech is parsed into letters and decoded by a voice engine. 
A regular expression is created using the characters so 
decoded and possible substitutes that sound similar to those 
selected by the voice engine. The regular expression is 
applied to the directory to retrieve a set of records, each of 
Which contains an address that matches the regular expres 
sion. The set of records is presented to the operator as a list 
from Which to select the address that actually appears on the 
mail piece. Abar code re?ecting the proper sorting data (e. g., 
carrier route and ZIP+4 data) for the mail piece may then be 
applied to it. 

[0014] FIG. 2 shoWs an alternative application of this 
voice-enabled look-up technology. In this embodiment, mail 
arrives in an organiZation’s mail room. An operator reads the 
?rst feW characters of the addressees’ ?rst and last names, 
and the system returns the addressees’ mail stop, depart 
ment, and/or other directory information. The mail piece is 
then routed to the addressee using that mail stop informa 
tion. 

[0015] In the illustrated embodiments, reference Will be 
made to functional units and modules. It Will be apparent to 
those skilled in the art that, in other embodiments Within the 
scope of the present invention, these units and modules may 
be implemented in hardWare, softWare, or a combination 
thereof. Furthermore, a variety of netWork topologies, direc 
tory table and storage structures, and query languages and 
schemes may be used as appropriate for a particular imple 
mentation of the present invention and Would occur to one 
skilled in the art. 

[0016] Turning noW to FIG. 1, system 20 Will noW be 
described in more detail. Operator 31 examines the mail 
piece 33 and speaks part (preferably the thousands and 
hundreds digits) of the street number, then part (preferably 
the ?rst three characters) of the street name from address 35 
into headset 37. The spoken characters are captured by voice 
capture unit 41 and stored as a digitiZed audio signal. That 
signal is sent by voice capture unit 41 to voice engine 43. 
Voice engine 43 uses any suitable method to parse the digital 
audio signal into segments, each associated With a spoken 
character. Each segment is translated, using any suitable 
method, by voice engine 43 into one or more candidate 
characters that may have been spoken, each preferably With 
an associated con?dence level. This operation is preferably, 
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but not necessarily, constrained to a predetermined gram 
mar, so that each character is decoded from a limited set of 
possible characters based on context and/or a predetermined 
pattern of characters (e.g., tWo numeric characters, then 
betWeen one and four alphabetic characters). In many 
embodiments, such constraint dramatically improves the 
accuracy of parsing and decoding by voice engine 43. 

[0017] The candidate characters (and the associated con 
?dence levels, if any) produced by voice engine 43 are sent 
to character set expansion module 45 and regular expression 
creation module 47. For each character position of data 
produced by voice engine 43, character set expansion mod 
ule 45 examines the one or more candidate characters 
received from voice engine 43, and identi?es potential 
alternative decodings. This identi?cation may use predeter 
mined groups of characters, each of Which sound similar to 
the candidate character When spoken. Character set expan 
sion module 45 may also assign a con?dence level to each 
alternative candidate character that it produces. The selec 
tion of candidate characters and/or con?dence levels may be 
made using any method that Would occur to one skilled in 
the art, such as by application of linguistic spelling or 
syntactical rules. 

[0018] Regular expression creation module 47 takes the 
candidate characters (and con?dence level data, if available) 
from voice engine 43 and character set expansion module 45 
to form a regular expression that describes all possible 
matches for the spoken street number, and another regular 
expression that describes all possible matches for the street 
name. In each case, the regular expression Will match all 
records that contain either the candidate character (from 
voice engine 43) or alternative candidate character (from 
expansion module 45) for a given character position. 
[0019] The regular expression created by module 47 is 
passed to an inexact string matching look-up module 49. 
String matching module 49 also receives city, state, and ZIP 
data for mail piece 33 from a suitable source (e.g., an OCR 
module or database (not shoWn)) and prepares a query 
designed to retrieve all records in address directory 61 that 
have street numbers and names that match the regular 
expressions provided by module 47, and also match the 
given city, state, and ZIP code of address 35. Alternatively, 
all mail pieces to Which the present system is applied in a 
particular batch or at a particular location are assumed to be 
destined for a particular geographical area, so directory 61 
may be limited to addresses in that area. 

[0020] The record set produced in response to that query 
is sent to presentation module 51, Which presents a menu of 
the directory hits to user 31. This menu preferably presents 
the possible matches in descending order of probability, 
given the con?dence levels produced by voice engine 43 
(and character set expansion module 45, if produced). The 
candidate record associated With the highest level of con? 
dence is preferably presented as a default option that is most 
easily selected by user 31. The user’s selection is made using 
any suitable means, and is accepted by module 53. The 
selected record is provided as an output of the process at end 
point 55. Data from the selected record may, for example, be 
used to print on the mail piece 33 a bar code including ZIP+4 
and carrier route data for improved routing, sorting, and 
delivery. 
[0021] Many variations on this system Will occur to those 
skilled in the art. For example, the records searched by string 

Dec. 19, 2002 

matching module 49 may be limited to those records in 
directory 61 that match partial street address information 
obtained from an upstream OCR process. 

[0022] In other embodiments, information from the output 
record at end point 55 is used, but no bar code is applied to 
mail piece 33. 

[0023] In still other embodiments, enough information 
from each record is presented by presentation module 51 to 
obviate the need for a user to select a record at all. In such 
embodiments, operator 31 simply uses the desired informa 
tion from the menu (e.g., sorts the mail piece 33 into a 
particular carrier route order) and proceeds to process the 
next piece. 

[0024] It Will be apparent to those skilled in the art that the 
number and position of characters to be read may be varied 
Widely depending upon the particular context of the imple 
mentation. Typically the time required to speak more char 
acters (and/or characters from additional ?elds) must be 
Weighed against the additional narroWing of the output list 
to be achieved using the additional information. 

[0025] Directory 61 is preferably optimiZed With respect 
to the voice engine to reduce the number of records dis 
played by presentation module 51. For example adjacent (as 
in consecutive blocks of the same street) or interWoven (as 
in odd and even numbers along the same street) address 
ranges may be combined into one record. 

[0026] An alternative application Will noW be described 
With reference to FIG. 2. This embodiment is implemented 
in an organiZation’s mail room, Where some mail pieces 
arrive (from internal or external sources) bearing the name 
of an intended recipient Within the organiZation. A system 
according to the present invention is used to retrieve that 
additional destination information to assist in routing and 
delivery of the mail piece. 

[0027] In this embodiment, mail piece 133 bears address 
135, Which includes a ?rst and last name. Operator 131 
visually examines mail piece 133 to ?nd address block 135, 
then speaks into headset 137 the ?rst three letters each of the 
?rst name and last name of the addressee. That speech is 
captured by voice capture unit 141 and translated into a 
digitiZed audio signal. Voice engine 143, character set 
expansion module 145, and regular expression creation 
module 147 each operate analogously to the corresponding 
components (voice engine 43, expansion module 45, and 
regular expression creation module 47) discussed above in 
relation to FIG. 1. 

[0028] Like analogous module 49, inexact string matching 
look-up module 149 uses the regular expression output of 
regular expression creation module 147 to search directory 
161. In this embodiment, the result of the query is returned 
directly to menu presentation module 151, Which provides 
operator 131 With a menu of the most likely matches from 
the directory 161. Selection acceptance module 153 of 
system 120 accepts the user’s selection from the menu and 
outputs the selected record at point 155. 

[0029] In this embodiment, the department or mail stop 
associated With the selected addressee is displayed on a 
video monitor so that operator 131 can Write that informa 
tion directly on mail piece 133 or manually sort mail piece 
133 based on the displayed information. Alternatively, mail 
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piece 133 may be imprinted With a bar code or other suitable 
designator to facilitate automatic or semi-automatic routing 
and transport through the organiZation. 
[0030] It Will be seen by those skilled in the art that 
systems according to the present invention may be imple 
mented ef?ciently in conjunction With systems that use 
optical character recognition. For example, system 120 
might be applied only to those mail pieces bearing addresses 
(or addressees) that could not be properly routed solely by 
the OCR system module. 

[0031] Systems 20 and 120 might also be used With 
identi?er-related (e.g., bar coding) systems by using the 
output record (at points 55 and 155, respectively) and 
printing the identi?er for routing using means Well knoWn in 
the art. 

[0032] It Will also occur to one skilled in the art that 
various forms of menuing and selection may be used by 
modules 51, 151, 53, and 153. For example, standard 
graphical user interface (GUI) elements of the WIN 
DOWS® operating systems (published by Microsoft Cor 
poration, One Microsoft Way, Redmond, Wash., USA) may 
display the list of hits in a dialog box. The user 31, 131 can 
then execute one or more gestures With a “mouse” pointing 
device to select the desired entry. Another alternative is to 
present the list of directory hits, each With an associated 
symbol so that the user 31, 131 can press a single key on a 
keyboard to select the desired record. In some embodiments, 
the default (highest-con?dence) hit is automatically selected 
if a predetermined amount of time passes Without an opera 
tor selection. The ?nal selection by operator 31 (if required) 
can also be made using voice engine 43 itself, e. g., by saying 
“select 1” or by similar method. 

[0033] Voice engine 43, 143 is preferably an off-the-shelf 
voice engine product such as a Dragon Systems product 
published by Lernout & Hauspie, 52 Third Avenue, Burl 
ington, Mass., USA (World headquarters at Lernout & Haus 
pie Speech Products N.V., Flanders Languages Valley, 50, 
8900 leper, Belgium), but may be any routine that interprets 
audio signals to provide one or more candidate characters of 
output based on voice decoding of the audio signal. 

[0034] The Workstation used by operators 31, 131 Will 
noW be discussed in relation to FIG. 3. In this example 
embodiment, the various hardWare and softWare compo 
nents that implement the above systems are combined in 
Workstation 240. The softWare programs and modules 
described above are encoded on hard disc 242 for execution 
by processor 244. Workstation 240 may include more than 
one processor or CPU and more than one type of memory 
246, Where memory 246 is representative of one or more 
types. Furthermore, it should be understood that While one 
Workstation 240 is illustrated, more Workstations may be 
utiliZed in alternative embodiments. Processor 244 may be 
comprised of one or more components con?gured as a single 
unit. Alternatively, When of a multi-component form, pro 
cessor 244 may have one or more components located 
remotely relative to the others. One or more components of 
processor 244 may be of the electronic variety de?ning 
digital circuitry, analog circuitry, or both. In one embodi 
ment, processor 244 is of a conventional, integrated circuit 
microprocessor arrangement, such as one or more PEN 
TIUM II or PENTIUM III processors supplied by INTEL 
Corporation of 2200 Mission College Boulevard, Santa 
Clara, Calif., 95052, USA. 
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[0035] Memory 246 may include one or more types of 
solid-state electronic memory, magnetic memory, or optical 
memory, just to name a feW. By Way of non-limiting 
example, memory 246 may include solid-state electronic 
Random Access Memory (RAM), Sequentially Accessible 
Memory (SAM) (such as the First-In, First-Out (FIFO) 
variety or the Last-In First-Out (LIFO) variety), Program 
mable Read Only Memory (PROM), Electrically Program 
mable Read Only Memory (EPROM), or Electrically Eras 
able Programmable Read Only Memory (EEPROM); an 
optical disc memory (such as a DVD or CD ROM); a 
magnetically encoded hard disc, ?oppy disc, tape, or car 
tridge media; or a combination of any of these memory 
types. Also, memory 246 may be volatile, nonvolatile, or a 
hybrid combination of volatile and nonvolatile varieties. 

[0036] Audio subsystem 248 provides an interface 
betWeen Workstation 240 and the audio equipment used by 
operator 31, 131, such as headset 37, 137. Monitor 250 
provides visual output from Workstation 250 to operator 31, 
131. Additional input device(s) 252 and output device(s) 254 
provide interfaces With other computing and/or human enti 
ties. Further, audio subsystem 248, headset 37, 137, and 
Workstation 240 may include additional and/or alternative 
components as Would occur to one skilled in the art. 

[0037] Furthermore, in various embodiments of the inven 
tion, the signals acquired by voice capture units 41, 141 may 
be stored and processed in digital and/or analog form. 

[0038] In some embodiments, the number of characters to 
be spoken in a particular context is predetermined. This 
additional a priori information Will often alloW the voice 
engine 43, 143 more accurately to parse and decode the 
captured audio signal. In other embodiments, feedback paths 
are introduced so that the voice engine 43, 143“learns” to 
better decode the speech of a particular operator 31, 131 or 
set of operators over time. 

[0039] In yet other embodiments, a similar process to 
those described above is applied to multiple ?elds of an 
address (e.g., ZIP code, street number, street name, direc 
tional modi?ers, and/or apartment or suite number) to deter 
mine a correct, legal address for the recipient. The output 
record is then used to apply a complete bar code to the mail 
piece using means and for purposes Well knoWn in the art. 

[0040] The present invention might also be applied in 
other directory look-up contexts. For example, accuracy and 
recognition in an automated telephone directory assistance 
system might be improved by implementing the present 
invention therein. In such a system, the user might select a 
state, then a city, then a listing. At one or more of the 
selection steps, the user speaks the ?rst feW characters of the 
data item, and the system presents a list of candidate entries. 
The user selects the desired entry (in response to the list 
presented by the system) by pressing a key on the telephone 
keypad. 

[0041] Modi?cations of the present disclosure and claims, 
as Would occur to one skilled in the art, may be made Within 
the scope of the present invention. While the disclosure 
above has been made in relation to preferred embodiments, 
the scope of the invention is de?ned by the claims appended 
hereto. 
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What is claimed is: 
1. A method, comprising: 

capturing an audio signal representative of a plurality of 
spoken characters, each having a character position; 

parsing the audio signal into audio segments, each audio 
segment representing a character position; 

decoding each audio segment into one or more candidate 
characters for the corresponding character position; 

retrieving all directory records that contain, in a prede 
termined data ?eld: 
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in at least one character position, either (a) one of the 
candidate characters, or (b) one or more substitution 
characters, Where each substitution character is 
selected as a function of at least one of the candidate 

characters; and 

in each remaining character position for Which candi 
date characters Were decoded, one of the candidate 
characters; and 

presenting the matching records to an operator. 

* * * * * 


