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COMMUNICATION DEVICE AND RELATED
METHODS FOR OFFLINE DATA RECORD
MODIFICATION AND SYNCHRONIZATION
WITH A BACKEND SERVER ASSOCIATED
WITH A RELAY SERVICE FOR
HEARING-IMPAIRED USERS

FIELD

The application relates generally to telecommunications,
and in particular to a communication system with a relay
service for assisting hearing-impaired users in communicat-
ing with others. More particularly, the disclosure relates to
modifying local databases of data records and tracking modi-
fications associated with the communication device.

BACKGROUND

Hearing-impaired individuals may benefit from communi-
cation systems and devices configured to provide assistance
in order to communicate with other individuals over a com-
munication network. For example, relay services have been
established to provide assistive services (e.g., text captions) to
the hearing-impaired user communicating with a communi-
cation device (e.g., caption phone, caption enabled device,
etc.) that is specifically configured to communicate with the
relay service.

In particular, a relay service may be a telecommunication
intermediary service, which is intended to permit a deaf or a
hearing-impaired person to utilize a normal telephone net-
work. The relay service may include an operator, referred to
as a “call assistant,” who serves as a human intermediary
between the hearing-impaired user and a far-end user. During
a captioning communication session, the call assistant may
listen to the audio signal of a far-end user and “revoice” the
words of the far-end user to a speech recognition computer
program tuned to the voice of the call assistant. A text caption
(also referred to as a “caption”) may be generated by the
speech recognition computer as a transcription of the audio
signal of the far-end user, and then transmitted to the com-
munication device being used by the hearing-impaired user.
The communication device may then display the text caption
while the hearing-impaired user carries on a normal conver-
sation with the far-end user. The text caption may allow the
hearing-impaired user to supplement the voice received from
the far-end and confirm his or her understanding of the words
spoken by the far-end user.

Such communication devices manage information locally
that is also stored remotely, such as contact information and
configuration settings. Conventionally, in order to encourage
users to be connected to the network and the relay service,
modifying the local data was only permitted when there was
a network connection to the relay service so that synchroni-
zation occurred at the same time as the modification. How-
ever, users sometimes had difficulty making modifications at
times when the network connection was unreliable (e.g., par-
ticularly when used with a wireless network), which caused
the modifications to be lost locally.

BRIEF SUMMARY

Embodiments of the disclosure include a communication
device associated with a hearing-impaired user. The commu-
nication device comprises communication elements, a
memory device, and a processor operably coupled with the
communication elements and the memory device. The com-
munication elements are configured to receive audio signals
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from a far end communication device, and to receive text
captions corresponding to the audio signals from a relay
service for display by the communication device during a
call. The memory device stores a local database of data
records for the communication device. Each data record has
at least one flag associated therewith indicating whether the
data record has been modified by the hearing-impaired user.
The processor is configured to synchronize unclean data
records from the local database with a remote server associ-
ated with the relay service responsive to querying flags in the
local database that indicate data records that are unclean.
Also disclosed is a method of modifying a local database
having data records of a captioning communication device.
The method comprises receiving a user input from a hearing-
impaired user of the captioning communication device, modi-
fying a local database having data records stored in memory
of the captioning communication device responsive to the
user input, setting a flag value corresponding to a data record
indicating the data record is unclean, transmitting the data
record to a backend server of a relay service to update the data
record in a remote database stored in memory of the backend
server, and setting the flag value indicating the data record is
clean after the data record is updated in the remote database.
Also disclosed is a communication system for facilitating
communication between a hearing-impaired user and a far-
end user. The communication system comprises a backend
server associated with a relay service configured to provide
text captions of a voice signal associated with the far-end user,
the backend server including a remote database, and a plural-
ity of communication devices associated with diftferent hear-
ing-impaired users. Each communication device is config-
ured to receive and display the text captions from the relay
service during a call, maintain data records in a local database
stored in memory of the communication device, modify the
local database responsive to an input by the hearing-impaired
user, set a flag to an unclean state associated with a data record
that is involved in the modification to the local database,
transmit at least a portion of the data records having the flag
set to an unclean state to the backend server, and set the flag
to a clean state responsive to receiving acknowledgement
from the backend server that synchronization was successful.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 illustrates a communication system configured to
facilitate a call between a hearing-impaired user and a far-end
user.

FIG. 2 is a simplified schematic block diagram of a com-
munication device associated with a hearing-impaired user
according to an embodiment of the disclosure.

FIG. 3 is a simplified block diagram of a communication
system according to an embodiment of the disclosure.

FIG. 4 is a simplified flowchart illustrating a data record
being involved in a modification to a local database.

FIG. 5 is a flow diagram illustrating a method for synchro-
nizing a data record of a communication device according to
an embodiment of the disclosure.

DETAILED DESCRIPTION

In the following detailed description, reference is made to
the accompanying drawings which form a part hereof, and in
which is illustrated specific embodiments in which the dis-
closure may be practiced. These embodiments are described
in sufficient detail to enable those of ordinary skill in the art to
practicethe disclosure. It should be understood, however, that
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the detailed description and the specific examples, while indi-
cating examples of embodiments of the disclosure, are given
by way of'illustration only and not by way of limitation. From
this disclosure, various substitutions, modifications, addi-
tions, rearrangements, or combinations thereof within the
scope of the disclosure may be made and will become appar-
ent to those of ordinary skill in the art.

In accordance with common practice, the various features
illustrated in the drawings may not be drawn to scale. The
illustrations presented herein are not meant to be actual views
of any particular apparatus (e.g., device, system, etc.) or
method, but are merely idealized representations that are
employed to describe various embodiments of the disclosure.
Accordingly, the dimensions of the various features may be
arbitrarily expanded or reduced for clarity. In addition, some
of'the drawings may be simplified for clarity. Thus, the draw-
ings may not depict all of the components of a given apparatus
(e.g., device) or all operations of a particular method. In
addition, like reference numerals may be used to denote like
features throughout the specification and figures.

Information and signals described herein may be repre-
sented using any of a variety of different technologies and
techniques. For example, data, instructions, commands,
information, signals, bits, symbols, and chips that may be
referenced throughout the description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or
particles, optical fields or particles, or any combination
thereof. Some drawings may illustrate signals as a single
signal for clarity of presentation and description. It should be
understood by a person of ordinary skill in the art that the
signal may represent a bus of signals, wherein the bus may
have a variety of bit widths and the disclosure may be imple-
mented on any number of data signals including a single data
signal.

The various illustrative logical blocks, modules, circuits,
and algorithm acts described in connection with embodi-
ments disclosed herein may be implemented or performed
with a general-purpose processor, a special-purpose proces-
sor, a Digital Signal Processor (DSP), an Application Specific
Integrated Circuit (ASIC), a Field Programmable Gate Array
(FPGA) or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any com-
bination thereof designed to perform the functions described
herein.

A processor herein may be any processor, controller,
microcontroller, or state machine suitable for carrying out
processes of the disclosure. A processor may also be imple-
mented as a combination of computing devices, such as a
combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more microprocessors in conjunc-
tion with a DSP core, or any other such configuration. When
configured according to embodiments of the disclosure, a
special-purpose computer improves the function of a general-
purpose computer because, absent the disclosure, the general-
purpose computer would not be able to carry out the processes
of the disclosure. The disclosure also provides meaningful
limitations in one or more particular technical environments
that go beyond an abstractidea. For example, embodiments of
the disclosure provide improvements in the technical field of
telecommunications, particularly in a telecommunication
system including a relay service for providing text captions to
a caption-enabled communication device to assist hearing-
impaired users. Embodiments include features that improve
the functionality of the communication device such that a new
communication device and method for making oftline modi-
fications to local information and subsequent synchroniza-
tion to the backend server are described. As a result, the
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information management and tracking of modifications ofthe
communication device may be improved in addition to
improved reliability of the communication device.

In addition, it is noted that the embodiments may be
described in terms of a process that is depicted as a flowchart,
a flow diagram, a structure diagram, or a block diagram.
Although a flowchart may describe operational acts as a
sequential process, many of these acts can be performed in
another sequence, in parallel, or substantially concurrently. In
addition, the order of the acts may be re-arranged. A process
may correspond to a method, a function, a procedure, a sub-
routine, a subprogram, interfacing with an operating system,
etc. Furthermore, the methods disclosed herein may be imple-
mented in hardware, software, or both. If implemented in
software, the functions may be stored or transmitted as one or
more instructions (e.g., software code) on a computer-read-
able medium. Computer-readable media includes both com-
puter storage media and communication media including any
medium that facilitates transfer of a computer program from
one place to another.

It should be understood that any reference to an element
herein using a designation such as “first,” “second,” and so
forth does not limit the quantity or order of those elements,
unless such limitation is explicitly stated. Rather, these des-
ignations may be used herein as a convenient method of
distinguishing between two or more elements or instances of
an element. Thus, a reference to first and second elements
does not mean that only two elements may be employed there
or that the first element must precede the second element in
some manner. Also, unless stated otherwise a set of elements
may comprise one or more elements.

As used herein, a “hearing-impaired user” may refer to a
person with diminished hearing capabilities. Hearing-im-
paired users of caption-enabled communication device often
have some level of hearing ability that has usually diminished
over a period of time such that they can communicate by
speaking, but that they often struggle in hearing and/or under-
standing the far-end user.

The term “call” as used herein refers to the communication
session between the hearing-impaired user’s communication
device and the far-end user’s communication device. The call
may pass audio signals between the two parties. The term call
is used in order to be more easily distinguishable from the
captioning communication session. At times, the call may be
referred to as incoming or outgoing from the perspective of
the hearing-impaired user’s communication device. Incom-
ing and outgoing calls may refer to the period of time prior to
when the call is “answered” by the other party to begin the
communication of the audio signals therebetween.

The term “captioning communication session” as used
herein refers to the communication session between the hear-
ing-impaired user’s communication device and the relay ser-
vice. The captioning communication session may pass text
captions from the relay service to the hearing-impaired user’s
communication device. In some embodiments, the captioning
communication session may also include the hearing-im-
paired user’s communication device transmitting the far-end
user’s audio signal to the relay service to generate the text
captions.

The term “clean” refers to a data record that has been
synchronized with a backend server.

The term “unclean” (or “dirty”) refers to a data record that
has not been synchronized with the backend server. Thus, an
unclean data record may refer to persistent data that has been
locally modified (e.g., added, updated, deleted) in a local
database prior to the modifications being transmitted to the
backend server.
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While embodiments described below use captioning com-
munication devices as an example of a device that is config-
ured to perform the offline database modification and data
record synchronization, some embodiments may include
other types of devices (e.g., embedded devices) that may be
intermittently connected to a network that shares the owner-
ship of the data with a back end server.

FIG. 1 illustrates a communication system 100 configured
to facilitate an assisted call between a hearing-impaired user
102 and a far-end user 104. The communication system 100
may include a first communication device 110, a second
communication device 120, and a relay service 130. The first
communication device 110 and the second communication
device 120 may be coupled together to facilitate communi-
cation therebetween via a first network 140. The first com-
munication device 110 and the relay service 130 may be
coupled together to facilitate communication therebetween
via a second network 150. For example only, the first network
140 and the second network 150 may each be implemented
according to the standards and bandwidth requirements of a
communication network (e.g., Public Switch Telephone Net-
work (PSTN), cellular network, Voice Over Internet Protocol
(VOIP) networks, etc.). The use of the terms “network™ or
“communication network™ as used herein contemplates net-
works that are compatible and configured to provide commu-
nications using analog and/or digital standards unless specifi-
cally stated otherwise. In some embodiments, the first
network 140 and the second network 150 may be the same
network (e.g., both connections may be Internet-based con-
nections). Thus, discussion of the first network 140 and the
second network 150 separately may be for convenience of
discussing a particular connection between two or more
devices. Of course, in some embodiments, the first network
140 and the second network 150 may be different networks.
For example, the first communication device 110 and the
second communication device 120 may communicate via a
PSTN network connection, while the first communication
device 110 and the second communication device 120 may
communicate via an internet connection. Other variations and
combinations of networks are also contemplated.

The depicted first communication device 110 (FIG. 1) is a
device that is configured to assist the hearing-impaired user
102 in communicating with another individual (e.g., far-end
user 104). In some embodiments, the first communication
device 110 may include a caption-enabled communication
device configured to receive and display a text caption of at
least a portion of the conversation. Thus, the hearing-im-
paired user 102 may be able to read the text caption of the
words spoken by the far-end user 104 to supplement the audio
signal received by the first communication device 110. As a
result, the hearing-impaired user 102 may have an improved
experience in understanding the conversation. Such an
embodiment is especially useful for people whose hearing
has been damaged or decreased over time (e.g., the elderly);
such that they can still speak, but have diminished hearing
that makes it difficult to communicate. In some embodiments,
the first communication device 110 is also configured to
receive and display video on an electronic display on the first
communication device 110.

The second communication device 120 may comprise a
conventional voice telephone (e.g., landline phone, cellular
phone, smart phone, VoIP phone, etc.). As such, the far-end
user 104 may interact in a conventional manner with the
second communication device 120. In some embodiments,
the second communication device 120 may be configured
similarly as the first communication device (e.g., caption-
enabled communication device). As a result, the second com-
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munication device 120 may likewise be operated by a hear-
ing-impaired  user.  Thus, although  facilitating
communication between the hearing-impaired user 102 and
the far-end user 104 is shown in FIG. 1 to imply that the
far-end user 104 is a hearing-capable user, such a situation is
shown only as an example. Other embodiments include both
the first communication device 110 and the second commu-
nication device 120 coupled to the relay service 130 to facili-
tate the captioning services for each respective hearing-im-
paired user (not shown). In such a situation, each
communication device 110, 120 may have its own commu-
nication session with the relay service 130.

The relay service 130 may be configured to provide inter-
pretive services (e.g., captioning) to the hearing-impaired
user 102. More specifically, a human “call assistant” within
relay service 130 may be employed to facilitate an assisted
call between a hearing-impaired user 102 and a far-end user
104. As discussed above, in some embodiments the relay
service 130 may be configured to provide text captions of at
least a portion of the conversation. In such an embodiment,
the call assistant may listen to the voice signal received and
re-voice the portion of the conversation into a microphone so
that voice recognition software may generate the text caption
that is transmitted to the first communication device 110.
Thus, the relay service 130 may include one or more of an
internet protocol captioned telephone service (IPCTS), cap-
tioned telephone service (CTS), or other telecommunications
relay services (TRS).

FIG. 1 shows a configuration where the first communica-
tion device 110 acts as a router for the voice signal from the
second communication device 120 to the relay service. In
such an embodiment, the voice signal of the far-end user 104
may be transmitted from the second communication device
120 to the first communication device 110. The voice signal
of'the far-end user 104 may then be transmitted from the first
communication device 110 to the relay service 130 for the
text caption to be generated in a text captioning embodiment.
The text caption may then be transmitted from the relay
service 130 to the first communication device 110 to be dis-
played as a text caption for the hearing-impaired user to read
during the conversation. The call assistant may also monitor
the text caption that is generated and transmitted to the first
communication device 110 to identify any errors that may
have been generated by the voice recognition software. The
call assistant may correct such errors, such as described in
U.S. Pat. No. 8,379,801, issued Feb. 19, 2013, entitled “Meth-
ods and Systems Related to Text Caption Error Correction,”
the disclosure of which is incorporated herein in its entirety
by this reference. In some embodiments the relay service 130
may be configured to receive the voice signal from the second
communication device 120 and route the voice signal to the
first communication device 110.

In addition, although FIG. 1 shows only two communica-
tion devices 110, 120, the communication system 100 may
include more communication devices. It is contemplated that
the communication system 100 may facilitate communica-
tion between any number and combinations of hearing-im-
paired users and far-end users. For example, in some embodi-
ments two or more communication devices may be connected
for facilitating communication between a hearing-impaired
user and other hearing-impaired users and/or far-end users.

Embodiments of the disclosure improve upon the typical
communication system by providing an improved method of
managing and tracking offline modifications of local infor-
mation stored in the first communication device 110, and in
subsequently synchronizing the information with a backend
server associated with the relay service 130. As a result, if
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modifications to the local data are made when there is not
network connectivity (or if network connectivity is lost dur-
ing synchronization), the communication device may resume
at a later time without losing the modifications. Some con-
tributing factors for losing network connectivity may be local
issues for the hearing-impaired user, such as a network cable
to the first communication device 110 being unplugged, a
router being disabled, a spotty WiFi connection, etc. Some
contributing factors may be relay service side issues, such as
a server problem. Other contributing factors may be issues
along the path between the first communication device 110
and the relay service 130, such as a network outage. In any
event, offline modifications that are made locally may be
preserved and synchronized at a later time when the commu-
nication device determines that network connectivity has
resumed.

FIG. 2 is a simplified schematic block diagram of the first
communication device 110 of FIG. 1. In particular, the first
communication device 110 may be configured to establish
calls with other communication devices and captioning com-
munication sessions with a relay service configured to assist
the hearing-impaired user. The first communication device
110 may be a caption enabled communication device, which
may be implemented as a standalone device (e.g., a caption
phone), or as implemented on another device (e.g., tablet
computer, laptop computer, smart phone, etc.).

The first communication device 110 may include a proces-
sor 210 operably coupled with an electronic display 220,
communication elements 230, a memory device 240, input
devices 250, and a speaker 260. In some embodiments, the
first communication device 110 may include a camera for also
participating in a video communication session. The proces-
sor 210 may coordinate the communication between the vari-
ous devices as well as execute instructions stored in com-
puter-readable media of the memory device 240. The
processor 210 may be configured to execute a wide variety of
operating systems and applications including the computing
instructions. The memory device 240 may be used to hold
computing instructions, data, and other information for per-
forming a wide variety oftasks including performing embodi-
ments disclosed herein. By way of example and not limita-
tion, the memory device 240 may include Synchronous
Random Access Memory (SRAM), Dynamic RAM
(DRAM), Read-Only Memory (ROM), Flash memory, and
the like. The memory device 240 may include volatile and
non-volatile memory storage for the first communication
device 110.

The communication elements 230 may be configured to
communicate with other devices or communication net-
works, including other communication devices and the relay
service. As non-limiting examples, the communication ele-
ments 230 may include elements for communicating on wired
and wireless communication media, such as for example,
serial ports, parallel ports, Ethernet connections, universal
serial bus (USB) connections IEEE 1394 (“firewire”) connec-
tions, Bluetooth wireless connections, 802.1 a/b/g/n type
wireless connections, digital enhanced cordless telecommu-
nications (DECT), and other suitable communication inter-
faces and protocols. The input devices 250 may include a
touchscreen, a numeric keypad, a keyboard, a remote control,
a mouse, buttons, other input devices, or combinations
thereof.

The memory device 240 also includes a local database 242
for the first communication device 110. The local database
242 may include data records such as device settings and
other information that is specifically associated with the first
communication device 110. For example, device settings may
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include configurations of the first communication device 110,
such as volume settings, text settings (font style, size, etc.),
captioning settings (e.g., captions default on/oft), etc. Other
information that may be specific to a particular communica-
tion device 110 may include contact information (e.g., con-
tact name, contact photo, contact address, contact email
address, etc.). These data records may be part of a modifica-
tion (e.g., added, updated, deleted) to a local database by the
hearing-impaired user. In some embodiments, some of the
data records may also be involved in modifications made
remotely by an administrator of the relay service. The data
records may be periodically synchronized with a remote
server (i.e., backend server 332 in FIG. 3) such that the remote
server stores the modifications of the data records remotely as
a backup to the data records stored locally by the first com-
munication device 110.

FIG. 3 is a simplified block diagram of a communication
system according to an embodiment of the disclosure. The
communication system includes the first communication
device 110 and the relay service 130 that are configured as
discussed above. In particular, the communication device
110, and the relay service 130 may be configured to assist a
hearing-impaired user in communication with others by pro-
viding text captions to be displayed on the first communica-
tion device 110 during a call. The communication device 110
may include the local database 242 (stored in memory). In
addition to facilitating captioning communication sessions,
the relay service 130 may include a backend server 332 hav-
ing a remote database 334 that is stored in memory (not
shown) of the backend server 332. The remote database 334
may manage data records for the first communication device
110 as well as other communication devices that are part of
the communication system. It should be noted that the back-
end server 332 is described as being part of the relay service
130; however, it should be recognized that the backend server
332 may be located off-site in relation to the call assistants.
Thus, the relay service 130 including the backend server 332
means that the backend server 332 is associated with the relay
service 130 (e.g., owned and/or operated by the same com-
pany or administrator).

As discussed above, the communication device 110 may be
configured to modify a local database having data records
stored on the first communication device 110. For example,
the hearing-impaired user may modify a contact record, con-
figuration settings that may control an operation of the com-
munication device 110, and/or other similar data records. A
contact record may include one or more fields such as a
contact name, a phone number, a photo, an email address, an
address, or other identifying information for an individual
contact of the hearing-impaired user.

Modifying the local database may include adding a new
data record, updating an existing data record, or deleting a
data record. Each data record may be associated with a flag
value that indicates each type of modification as well as
whether the record is clean orunclean. Forexample, each data
record may have an “add flag,” “update flag,” and a “delete
flag” associated therewith. The add flag may indicate whether
the data record has been added (i.e., newly created) since the
last time that particular data record was synchronized with the
remote database 334. The update flag may indicate whether
an existing data record has been updated (i.e., changed) since
the lasttime that particular data record was synchronized with
the remote database 334. The delete flag may indicate
whether an existing data record has been deleted (i.e.,
removed) since the last time that particular data record was
synchronized with the remote database 334.
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In some embodiments, a contact record may include more
than one field associated with the contact. Thus, a flag may be
shared by multiple fields of the contact record, such that the
flag may be updated if any field (e.g., name, number, photo,
etc.) of the contact record is modified. In some embodiments,
each field of the contact record may have its own flag, such
that the flag may be updated if its particular associated field is
modified.

FIG. 4 is a simplified flowchart 400 illustrating a data
record being modified according to an embodiment of the
disclosure. At operation 402, the user may add a new data
record, which results in the data record being flagged as
having an “add unclean” state at operation 404. At operation
406, the user may update an existing data record, which
results in the data record being flagged as having an “update
unclean” state at operation 408. At operation 410, the user
may delete an existing data record, which results in the data
record being flagged as having a “delete unclean™ state at
operation 412.

Table 1 shows an example of a plurality of data records and
the status of their corresponding flag values. In some embodi-
ments, each data record may have a separate flag for each flag
type. For example, each data record may have a separate add
flag, update flag, and delete flag associated therewith. Each
flag value may be a binary bit (e.g., 0, 1) indicating its state.
For example, a flag value of 0 may indicate clean, and a flag
value of 1 may indicate unclean, or vice versa, depending on
how the communication device 110 is configured to interpret
each value.

TABLE 1

Data Record Add Flag Update Flag Delete Flag
Contact Record A Clean Clean Clean
Contact Record B Clean Unclean Clean
Contact Record C Unclean Clean Clean
Contact Record D Clean Clean Unclean
Contact Record E Clean Unclean Clean
Setting A Clean Unclean Clean
Setting B Clean Clean Clean

As shown in Table 1, the Contact Record A and Setting B
may have all flag values set to be clean. Thus, each of the
Contact Record A and Setting B has been unmodified since its
last synchronization with the remote database 334. Each of
the Contact Record B, Contact Record E, and Setting A may
have its respective update flag value set to be unclean. Thus,
the Contact Record B, Contact Record E, and Setting A has
been modified (e.g., changed) since its last synchronization
with the remote database 334. The Contact Record C may
have its add flag value set to be unclean. Thus, the Contact
Record C has been added as a new data record that has not
been synchronized with the remote database 334. The Con-
tact Record D may have its delete flag value set to be unclean.
Thus, the Contact Record D has been deleted since the last
time that the Contact Record D has been synchronized with
the remote database 334. When the communication device
110 synchronizes with the backend server 332, the commu-
nication device 110 may be configured to query the flags of
the data records, and send the unclean data records to the
backend server 332 toupdate the remote database 334 accord-
ingly. In some embodiments, the unclean data records may be
transmitted in subsets of data rather than all at once in order to
reduce the load on the backend server 332 (as the backend
server 332 may also receive unclean data records from a
number of different communication devices at a given time).
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When the synchronization is complete, the flag values may
be reset to be clean until the next modification. If the synchro-
nization is interrupted (e.g., through a faulty connection,
equipment malfunction, etc.), the flag values may remain as
unclean. As a result, when the network connection is re-
established, the processor may again query the local database
242 and again retrieve the prior unclean data records and any
new unclean data records to synchronize with the backend
server 332.

In some embodiments, only one flag may be set as unclean
at a time for each respective data record. For example, if
Contact Record B has its update flag set to unclean, the
processor may ensure that the add flag and the delete flag may
be set to clean. In some embodiments, a data record may have
different flags set to unclean at the same time if it is desired to
keep track of multiple states since the last time synchroniza-
tion occurred. For example, Contact Record C may be a new
data record and its add flag may be set to be unclean, after
which Contact Record C may be updated before synchroni-
zation occurred. As a result, the update flag may also be setto
unclean. Other combinations of flag states are also contem-
plated in such an embodiment.

In some embodiments, the backend server 332 may deter-
mine ifany modifications to any data records have been made
remotely in the remote database 334 that have not been com-
municated to the communication device 110. In such a situ-
ation, the data records may be merged and the unclean records
from the backend server 332 may be transmitted to the com-
munication device 110 to update the local database 242. Ifa
data record has a conflict (i.e., the same data record is flagged
as unclean by both the local database 242 and the remote
database 334), a protocol may be established to determine
which takes priority. For example, in some embodiments the
backend server 332 may take priority to resolve a conflict if
the same data record has been modified at both the commu-
nication device 110 and the backend server 332 since a prior
synchronization. In some embodiments, the communication
device 110 may take priority to resolve such a conflict. In
some embodiments, the device that takes priority may be
dependent on the type of data record. For example, the com-
munication device 110 may be given priority for contact
record conflicts, while the backend server 332 may be given
priority for configuration setting conflicts. Other combina-
tions of priorities for resolving conflicts are also contem-
plated.

In some embodiments, each data record may include addi-
tional flag values. For example, the data records may also
include an “adding flag,” an “updating flag,” and a “deleting
flag.” These flags indicate that synchronization of the data
record is in process. The adding flag being in an unclean state
indicates that the data record has been added and is in the
process of being synchronized with the remote database 334.
The updating flag being in an unclean state indicates that the
data record has been updated and is in the process of being
synchronized with the remote database 334. The deleting flag
being in an unclean state indicates that the data record has
been deleted and is in the process of being synchronized with
the remote database 334. Having these additional states
enables the processor to keep track of which data records have
been begun the process of synchronization, but where syn-
chronization was not completed.

In some embodiments, each data record may have a sepa-
rate flag for each flag type. For example, each data record may
have a separate add flag, adding flag, update flag, updating
flag, delete flag, and deleting flag associated therewith. Each
of these flags may have a binary state indicating either clean
or unclean.
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Table 2 shows an example of a plurality of data records and
the status of their corresponding flag values.

TABLE 2
Data Add Adding Update Updating Delete Deleting
Record Flag Flag Flag Flag Flag Flag
Contact Clean  Clean Clean  Clean Clean  Clean
Record A
Contact Clean  Clean Clean  Unclean Clean  Clean
Record B
Contact Clean  Unclean Clean  Clean Clean  Clean
Record C
Contact Clean  Clean Clean  Clean Clean  Unclean
Record D
Contact Clean  Clean Clean  Unclean Clean  Clean
Record E
Contact Unclean Clean Clean  Clean Clean  Clean
Record F
Contact Clean  Clean  Unclean Clean Clean  Clean
Record G
Contact Clean  Clean Clean  Clean Unclean Clean
Record H
Setting A Clean  Clean  Clean  Unclean Clean  Clean
Setting B Clean  Clean  Clean  Clean Clean  Clean

As shown in Table 2, the Contact Record A and Setting B
may have all flag values set to be clean. Thus, each of the
Contact Record A and Setting B has been unmodified since its
last synchronization with the remote database 334. Each of
the Contact Record B, Contact Record E, and Setting A may
have its respective updating flag value set to be unclean. Thus,
the Contact Record B, Contact Record E, and Setting A has
been modified and is in process of being synchronized with
the remote database 334. The Contact Record C may have its
adding flag value set to be unclean. Thus, the Contact Record
C has been added as a new data record and is in process of
being synchronized with the remote database 334. The Con-
tact Record D may have its delete flag value set to be unclean.
Thus, the Contact Record D has been deleted and is in process
of'being synchronized with the remote database 334. In addi-
tion, Contact Record F may have its add flag set to unclean,
Contact Record G may have its update flag set to unclean, and
Contact Record H may have its delete flag set to unclean.
Thus, Contact Records F, G, H may have been modified after
contact records B, C, D, E began processing for synchroni-
zation. If the network connection were to fail during that
synchronization, the processor may retrieve all of the Contact
Records B through H in the next attempt at synchronization as
they all would be considered having an unclean state.

As discussed above, each data record may have a plurality
of different flags corresponding to the different types of modi-
fications. In some embodiments, each record may have a
single flag that has a plurality of different states for the dif-
ferent types of modifications. Thus, the flag may be multiple
bits in length to support the indication of a variety of different
types of modifications. For example, in Table 3, each flag is
shown to have one of at least 4 different states (e.g., Clean,
Update Unclean, Add Unclean, Delete Unclean).

TABLE 3

Data Record Flag

Clean

Update Unclean
Add Unclean
Delete Unclean
Update Unclean
Update Unclean
Clean

Contact Record A
Contact Record B
Contact Record C
Contact Record D
Contact Record E
Setting A

Setting B
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Table 4 shows an embodiment that further includes the
additional in process states. As a result, each flag may be set
to have one of at least 7 different states (e.g., Clean, Update
Unclean, Updating Unclean, Add Unclean, Adding Unclean,
Delete Unclean, Deleting Unclean).

TABLE 4

Data Record

Flag

Contact Record A
Contact Record B
Contact Record C
Contact Record D
Contact Record E
Setting A

Setting B

Clean

Updating Unclean
Adding Unclean
Deleting Unclean
Updating Unclean
Updating Unclean
Clean

There may be some situations in which a modified record
may be modified offline multiple times prior to being syn-
chronized with the remote server. For example, a user may
update a data record (flag=update unclean) at a first time, and
then update the same data record again at a second time before
the data record is synchronized with the backend server 332.
In such a situation, the second set of updates may be merged
with the first set of updates so that a single data record still
exists with the flag still set to update unclean. In another
situation, the data record may be added (flag=add unclean) at
afirst time, and then the user may update the same added data
record at a second time before the added data record is syn-
chronized with the backend server 332. In such a situation, the
set of updates may be merged with the added data record so
that a single data record still exists. Because the data record is
new and there is no corresponding record yet in the remote
database 334, the flag may still be set to add unclean so that
the backend server 332 knows that it is a data record being
added. The backend server 332 may not need to know of the
updated data.

In another situation, a user may update a data record
(flag=update unclean) at a first time, and then delete the
updated data record at a second time before the data record is
synchronized with the backend server 332. In such a situation,
the flag may be changed from update unclean to delete
unclean. Thus, when the backend server 332 receives the
modification, the backend server 332 may know that the data
record should be deleted—making the prior unknown
updates moot. In another situation, the data record may be
added (flag=add unclean) at a first time, and then the user may
delete the same added data record at a second time before the
added data record is synchronized with the backend server
332. In such a situation, the data record may simply be dis-
carded locally without needing to be synchronized with the
backend server 332 because the backend server 332 has no
record of the added data record so there is nothing for the
backend server 332 to delete.

In yet another situation, a user may delete a data record
(flagl=delete unclean) at a first time, and then add a new data
record (flag2=add unclean) at a second time having the same
information as the deleted data record. In such a situation,
both the deleted data record and the added data record may be
transmitted even though the same information may be
present. This may ensure that duplicate entries do not exist.

In each of these above situations, modifications may be
tracked with flags with subsequent modifications being
merged with the same data record as opposed to many data-
base systems that use a queue for each and every modification
for each entry that has been modified that needs to be pro-
cessed in the order that the individual modification occurred.
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FIG. 5 is a flow diagram 500 illustrating a method for
synchronizing a data record of a communication device
according to an embodiment of the disclosure. The different
operations may be executed by a processor of a communica-
tion device according to instructions provided to the proces-
sor. Communication between the communication device and
the backend server may be performed through the communi-
cation elements (e.g., transmitter, receiver, transceiver, etc.)
of'the communication device. As discussed above, a hearing-
impaired user may modify data records stored in the local
database of the communication device. Modifying data
records includes adding, updating, and deleting data records.
The communication device also flags the modified data
record as being unclean until the modified data record is
synchronized with the backend server. For the following
example, it is presumed that the hearing-impaired user has
modified at least one data record that has been flagged as
unclean.

At operation 502, the communication device may deter-
mine if the backend server is available. In some embodiments,
the processor of the communication device may monitor the
network connectivity between the communication device and
the backend server. If a discontinuity is detected, the proces-
sor may be cease attempts to synchronize unclean data
records. As a result, the processor may notify the data record
synchronization processing subsystem to cease attempts to
synchronize data records until network connectivity is re-
established. As an example, the communication device may
periodically send a message to the backend server to deter-
mine whether the message is received. If an appropriate return
message is received by the communication device, the com-
munication device may determine that the backend server is
available. If no return message is received, the communica-
tion device may determine that the backend server is not
available. In some situations, a return message may be
received that indicates that there is not adequate connectivity.
For example, the return message may indicate that the back-
end server did not understand the message sent. In some
embodiments, other features may also be monitored to deter-
mine whether there is network connectivity. For example, a
pin on the circuit board may be monitored to indicate whether
an Ethernet connection is functioning, a wireless driver may
detect that whether a wireless connection to a local access
point is functioning, etc.

At operation 504, the communication device may retrieve
un-clean data records from the local database. For example,
the processor may be query the local database according to
the different states of the flags and identify the data records
having flags that are set to be unclean. Unclean states may
include being added, updated, or deleted.

At operation 506, the unclean data records may be flagged
as being in process (e.g., adding, updating, deleting). At
operation 508, the unclean data records may be converted into
an update packet to be transmitted to the backend server. In
some embodiments, all unclean data records may be part of a
single update packet to be transmitted to the backend server.
In other embodiments, the unclean data records may be
divided into a plurality of different update packets that are
transmitted in sub-groups over a period of time to the backend
server. As a result, the updates from the communication
device may be staggered to the backend server so that the
backend server may be less likely to be overwhelmed when
receiving updates from many different communication
devices.

If the network connection fails prior to the update packet
being transmitted to the backend server, the method may
return at operation 510 to the beginning and wait until the
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backend server is again available to try again. As discussed
above, network connectivity may fail for various reasons, and
the processor of the communication device may monitor net-
work connectivity and notify the data record synchronization
processing subsystem to cease attempts to synchronize data
records if a failure is detected. If the network connection does
not fail, the update packet may be transmitted to the backend
server and the associated data records may be flagged as clean
at operation 512. In some embodiments, the communication
device may receive an acknowledgment from the backend
server prior to flagging the data records as clean.

In some embodiments, the communication device may also
obtain data records from the backend server at operation 514.
For example, an administrator of the backend server may, at
times, modify records stored in the remote database that need
to be synchronized with the communication device. At opera-
tion 516, these modified data records from the backend server
may be merged into the local database of the communication
device. If a data record has a conflict (i.e., the same data
record is flagged as unclean by both the local database and the
remote database), a protocol may be established to determine
which takes priority as discussed above.

While certain illustrative embodiments have been
described in connection with the figures, those of ordinary
skill in the art will recognize and appreciate that embodi-
ments encompassed by the disclosure are not limited to those
embodiments explicitly shown and described herein. Rather,
many additions, deletions, and modifications to the embodi-
ments described herein may be made without departing from
the scope of embodiments encompassed by the disclosure,
such as those hereinafter claimed, including legal equiva-
lents. In addition, features from one disclosed embodiment
may be combined with features of another disclosed embodi-
ment while still being encompassed within the scope of
embodiments encompassed by the disclosure as contem-
plated by the inventors.

What is claimed is:
1. A communication device associated with a hearing-
impaired user, the communication device comprising:

communication elements configured to receive audio sig-
nals from a far end communication device, and to
receive text captions corresponding to the audio signals
from a captioning communication service for display by
the communication device during a call;

a memory device storing a local database of data records
for the communication device, each data record having
at least one flag associated therewith indicating whether
the data record has been locally modified by the hearing-
impaired user responsive to a user input to the commu-
nication device; and

aprocessor operably coupled with the communication ele-
ments and the memory device, the processor configured
to synchronize unclean data records from the local data-
base with a remote database of a remote server associ-
ated with the captioning communication service respon-
sive to querying flags in the local database that indicate
data records that are unclean, wherein the at least one
flag includes an add flag, an update flag, and a delete flag
that are set locally as either clean or unclean responsive
to the user input to the communication device prior to
synchronization with the remote server, wherein the add
flag is indicative of a new data record being created since
the last time synchronization occurred with the remote
database, the update flag is indicative of an existing data
record being changed since the last time synchronization
occurred with the remote database, and a delete flag is
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indicative of an existing data record being removed since
the last time synchronization occurred with the remote
database.

2. The communication device of claim 1, wherein the add
flag, the update flag, and the delete flag are separate flags that
are each set as either clean or unclean.

3. The communication device of claim 2, wherein the add
flag, the update flag, and the delete flag are represented as a
single flag that has a plurality of different states for different
types of unclean data.

4. The communication device of claim 2, wherein the pro-
cessor is configured to synchronize the unclean records by
querying the local database for flags set to be unclean, and
transmitting the unclean data records to the remote server in
at least one group of data.

5. The communication device of claim 1, wherein the at
least one group of data is a plurality of groups of data that are
sent separately over a period of time.

6. The communication device of claim 1, wherein the com-
munication elements are configured to receive the audio sig-
nals from the far end communication device through a PSTN
network, and to receive captions from the captioning com-
munication service through an IP network.

7. The communication device of claim 1, wherein the data
record includes at least one of a contact and a configuration
setting.

8. The communication device of claim 1, wherein the con-
tact information includes at least one of a contact name, a
contact number, a contact email address, and a contact pic-
ture.

9. A method of modifying a data record of a captioning
communication device, the method comprising:

receiving a user input from a hearing-impaired user of the

captioning communication device;

modifying a local database having data records stored in

memory of the captioning communication device
responsive to the user input;

setting a flag value locally within the captioning commu-

nication device corresponding to a data record indicat-
ing the data record is unclean responsive to a user input
to the captioning communication device, the flag value
being one of an add unclean, an update unclean, or a
delete unclean depending on a type of modification
made to the local database for the data record by the user
input, wherein the flag value being set as add unclean is
indicative of a new data record being created by the user
input since the last time synchronization occurred with
the remote database, the flag value being set as update
unclean is indicative of an existing data record being
changed by the user input since the last time synchroni-
zation occurred with the remote database, and the flag
value being set as delete unclean is indicative of an
existing data record being removed responsive to the
user input since the last time synchronization occurred
with the remote database;

transmitting the data record to a backend server of a cap-

tioning communication service to update the data record
in a remote database stored in memory of the backend
server; and

setting the flag value indicating the data record is clean

after the data record is updated in the remote database.

10. The method of claim 9, wherein setting a flag value
indicating the data record is unclean includes setting a differ-
ent state of a single flag value.

11. The method of claim 9, further comprising setting
another flag value locally within the captioning communica-
tion device to be one of adding unclean, updating unclean, or
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deleting unclean depending on a type of modification made to
the corresponding data record of the local database while
transmission of the data record from the captioning commu-
nication device to the remote database is in process during
synchronization.
12. The method of claim 9, further comprising setting a
separate flag value for each of an adding unclean state, updat-
ing unclean state, and deleting unclean state depending on a
type of modification made to the corresponding data record of
the local database while transmission of the data record from
the captioning communication device to the remote database
is in process during synchronization.
13. The method of claim 9, further comprising monitoring
network connectivity between the captioning communication
device and the backend server, and ceasing attempts to trans-
mit the data record to the backend server if a failure is
detected.
14. The method of claim 9, wherein transmitting the data
record to the backend server is packaged together in an update
package with a plurality of additional data records that are
identified as being unclean.
15. The method of claim 14, wherein the update package
includes a subset of all data records presently identified as
being unclean.
16. The method of claim 9, wherein modifying the local
database includes at least one of adding a new data record,
updating an existing data record, and deleting an existing data
record.
17. The method of claim 9, wherein modifying the local
database includes updating an existing data record at a first
time, and updating the updated existing data record at a sec-
ond time while maintaining the same flag value as update
unclean prior to synchronization.
18. The method of claim 9, wherein modifying the local
database includes updating an existing data record at a first
time, and deleting the updated existing data record at a second
time while changing the flag value from update unclean to
delete unclean prior to synchronization.
19. The method of claim 9, wherein modifying the local
database includes adding a new data record at a first time, and
deleting the newly added data record at a second time prior to
synchronization and removing the newly added data record
from the local database without transmitting the newly added
data record to the backend server.
20. A communication system for facilitating communica-
tion between a hearing-impaired user and a far-end user, the
communication system comprising:
a backend server associated with a captioning communi-
cation service configured to provide text captions of a
voice signal associated with the far-end user, the back-
end server including a remote database;
a plurality of communication devices that are intermit-
tently connected with the backend server, wherein each
communication device is specifically configured to
assist communication of a hearing-impaired user, and
configured to:
receive and display the text captions from the captioning
communication service during a call;

maintain data records in a local database stored in
memory of the communication device;

locally modify the local database responsive to a user
input by the hearing-impaired user to the communi-
cation device;

set a flag to an unclean state associated with a data record
that is involved in the local modification to the local
database of the communication device prior to syn-
chronization with the backend server, the flag being
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setto be one of add unclean, update unclean, or delete
unclean depending on a type of modification made to
local database for the data record, wherein the flag
being set to be add unclean is indicative of a new data
record being created since the last time synchroniza- 5
tion occurred with the remote database, the flag being
set to be update unclean is indicative of an existing
data record being changed since the last time synchro-
nization occurred with the remote database, and the
flag being set to be delete unclean is indicative of an 10
existing data record being removed since the last time
synchronization occurred with the remote database;
transmit at least a portion of the data records having the
flag set to an unclean state to the backend server; and
set the flag to a clean state responsive to receiving 15
acknowledgement from the backend server that syn-
chronization was successful.

21. The method of claim 9, wherein modifying the local
database includes adding a new data record at a first time, and
updating the new data record at a second time while main- 20
taining the same flag value as add unclean prior to synchro-
nization.
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