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(57) ABSTRACT 

Methods, systems, and devices are described for communi 
cating data from multiple data terminals to an aggregator 
terminal over a communication link having changing link 
conditions. In some embodiments, source data is received at 
multiple data terminals, each in communication With an 
aggregator terminal over a communication link. For example, 
during a live newscast, one mobile camera may receive live 
video of an event from a ?rst position While another mobile 
camera receives live video of the event from a second posi 
tion. For various reasons (e.g., as the cameras move) each 
communication link may experience independently changing 
link conditions. Each data terminal encodes the source data 
(or store source data for later encoding) as a function of its 
respective link conditions, and transmits encoded source data 
over its respective communication link to the aggregator ter 
minal. 
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LINK AWARE MOBILE DATA NETWORK 

CROSS REFERENCE 

[0001] The present application is a continuation-in-part of 
US. patent application Ser. No. 11/956,200, ?led on Dec. 13, 
2007, and entitled “ACM AWARE ENCODING SYSTEMS 
AND METHODS,” the disclosure of Which is hereby incor 
porated by reference in its entirety for all purposes. 

BACKGROUND 

[0002] The present invention relates to data communica 
tions in general and, in particular, to link-aWare adaptive 
communications netWorks. 
[0003] Data netWorks may use multiple data terminals to 
simultaneously collect data from multiple sources in multiple 
locations and aggregate the data at a base location. For 
example, during a neWscast, a mobile production station (e.g., 
a specially out?tted truck) may aggregate video, audio, text, 
and other data from geographically distributed cameras, 
microphones, neWsWires, databases, etc. When some or all of 
these data terminals communicate With the base location 
Wirelessly, changing link conditions (e.g., changes in 
Weather) may result in changing data conditions (e.g., 
changes in data quality, latency, etc.). 
[0004] Various techniques may dynamically adjust pre 
coding, coding, and/ or modulation schemes to adapt to these 
changing link conditions. For example, as link conditions 
Worsen, the integrity of data being communicated over those 
links may be increased or maintained by using more reliable 
(loWer order) coding and modulation schemes. Without an 
aWareness of the link conditions, hoWever, it may not be 
possible to fully exploit these and other adaptive techniques. 
[0005] Thus, there may be a general need in the art for 
providing data terminals and aggregator terminals having link 
aWareness and adaptation capabilities. 

SUMMARY 

[0006] Among other things, methods, systems, and devices 
are described for providing data terminals and aggregator 
terminals having link aWareness and adaptation capabilities. 
[0007] In some embodiments, source data (e.g., a video 
stream) is received at multiple data terminals, each in com 
munication With an aggregator terminal over a communica 
tion link. Each communication link may experience changing 
link conditions and likely has different link conditions from 
other communication links. Each of the data terminals 
encodes the source data as a function of the link conditions 
associated With its respective communication link (e.g., cur 
rent link conditions, predicted link conditions, past link con 
ditions, etc.). At least a portion of the encoded source data is 
communicated over its respective communication link to an 
aggregator terminal. In certain embodiments, the aggregator 
terminal is adapted to receive and aggregate multiple encoded 
data streams from the multiple data terminals. The aggregator 
terminal may have additional functionality, like dynamic 
buffering. In certain embodiments, the aggregator terminal is 
further adapted to monitor and/or control operation of some 
or all of the data terminals, for example as a function of 
changing link conditions. 
[0008] In one set of embodiments, a link-aWare data system 
is provided for communicating data betWeen multiple data 
terminals and an aggregator terminal over communication 
links With changing link conditions. The system includes an 
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aggregator unit, adapted to receive data over a plurality of 
communication links and aggregate the data into an aggregate 
dataset; and a plurality of data terminals, each communica 
tively coupled With the aggregator unit via at least one of the 
plurality of communication links. Each data terminal 
includes a receiver unit adapted to receive source data from a 

data source; a link aWareness unit adapted to generate a link 
condition de?ning a condition of the at least one of the plu 
rality of communication links; an adaptive coder unit, com 
municatively coupled With the receiver unit and the link 
aWareness unit, and adapted to encode the source data into an 
encoded data signal as a function of the link condition; and a 
transceiver unit, communicatively coupled With the adaptive 
coder unit, and adapted to transmit the encoded data signal 
over the at least one of the plurality of communication links, 
Wherein the aggregator unit is adapted to receive data by 
receiving the encoded data signal over the at least one of the 
plurality of communication links. 

[0009] In another set of embodiments, a method is provided 
for receiving source data and transmitting the source data 
over a communication link having changing link conditions. 
The method includes storing at least a portion of the source 
data as a ?rst representation dataset representing the source 
data; pre-coding at least a portion of the source data using a 
?rst pre-coding scheme to generate a second representation 
dataset, decodable to provide a set of ?rst-level playback data 
representing the source data, the second representation 
dataset being different from the ?rst representation dataset; 
generating a link condition de?ning a condition of the com 
munication link; encoding the second representation dataset 
into an encoded data signal as a function of the link condition; 
and transmitting the encoded data signal over the communi 
cation link. 

[0010] In yet another set of embodiments, a link-aWare data 
system is provided for receiving source data and transmitting 
the source data over a communication link having changing 
link conditions. The system includes a receiver unit adapted 
to receive the source data from a data source; a link aWareness 
unit adapted to generate a link condition de?ning a condition 
of the communication link; an adaptive coder unit, commu 
nicatively coupled With the receiver unit and the link aWare 
ness unit, and adapted to encode the source data into an 
encoded data signal as a function of the link condition; and a 
transceiver unit, communicatively coupled With the adaptive 
coder unit, and adapted to transmit the encoded data signal 
over the communication link. 

[0011] In still another set of embodiments, a method is 
provided for adaptively aggregating data received over com 
munication links having changing link conditions. The 
method includes receiving a ?rst encoded data signal from a 
?rst data system over a ?rst communication link, the ?rst 
encoded data signal being encoded by the ?rst data system 
using a ?rst encoding scheme as a function of a ?rst link 
condition de?ning a condition of the ?rst communication 
link; receiving a second encoded data signal; aggregating at 
least a portion of the ?rst encoded data signal and at least a 
portion of the second encoded data signal to generate an 
aggregate dataset; analyZing the aggregate dataset to make a 
data de?ciency determination; generating a control signal as 
a function of the data de?ciency determination; and transmit 
ting the control signal to the ?rst data system, the control 
signal being adapted to affect operation of the ?rst data sys 
tem. 
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[0012] In even another set of embodiments, a system is 
provided for adaptively aggregating data from a plurality of 
remote data terminals over communication links having 
changing link conditions. The system includes a ?rst receiver 
unit, adapted to receive a ?rst encoded data signal from a ?rst 
data system over a ?rst communication link, the ?rst encoded 
data signal being encoded by the ?rst data system using a ?rst 
encoding scheme as a function of a ?rst link condition de?n 
ing a condition of the ?rst communication link; a second 
receiver unit, adapted to receive a second encoded data signal 
from a second data system over a second communication link, 
the second encoded data signal being encoded by the second 
data system using a second encoding scheme as a function of 
a second link condition de?ning a condition of the second 
communication link; and an analyZer unit, communicatively 
coupled With the ?rst receiver unit and the second receiver 
unit, and adapted to generate an aggregate dataset as a func 
tion of data from the ?rst encoded data signal and data from 
the second encoded data signal. 
[0013] And in another set of embodiments, a computer 
readable storage medium is provided having a computer 
readable program embodied therein for directing operation of 
a link-aWare data terminal, the computer-readable program 
including instructions for receiving source data and transmit 
ting the source data over a communication link having chang 
ing link conditions. The computer-readable program instruc 
tions are in accordance With the following: storing at least a 
portion of the source data as a ?rst representation dataset 
representing the source data; pre-coding at least a portion of 
the source data using a ?rst pre-coding scheme to generate a 
second representation dataset, decodable to provide a set of 
?rst-level playback data representing the source data, the 
second representation dataset being different from the ?rst 
representation dataset; generating a link condition de?ning a 
condition of the communication link; encoding the second 
representation dataset into an encoded data signal as a func 
tion of the link condition; and transmitting the encoded data 
signal over the communication link. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] A further understanding of the nature and advan 
tages of the present invention may be realiZed by reference to 
the folloWing draWings. In the appended ?gures, similar com 
ponents or features may have the same reference label. Fur 
ther, various components of the same type may be distin 
guished by folloWing the reference label by a dash and a 
second label, or a loWer-case character, that distinguishes 
among the similar components. If only the ?rst reference 
label is used in the speci?cation, the description is applicable 
to any one of the similar components having the same ?rst 
reference label irrespective of the second reference label. 
[0015] FIG. 1 shoWs a simpli?ed block diagram of a link 
aWare data communication and aggregation system, accord 
ing to various embodiments of the invention. 
[0016] FIG. 2 shoWs a simpli?ed block diagram ofa satel 
lite communication system for use With various embodiments 
of the invention. 

[0017] FIG. 3 provides a simpli?ed block diagram of an 
embodiment of a data terminal, con?gured according to vari 
ous embodiments of the invention. 

[0018] FIG. 4 provides a simpli?ed block diagram of an 
embodiment of an aggregator terminal, according to various 
embodiments of the invention. 

Feb. 12, 2009 

[0019] FIG. 5A shoWs a functional block diagram incorpo 
rating a pre-coder unit, according to various embodiments of 
the invention. 
[0020] FIG. 5B provides a functional block diagram of a set 
of embodiments incorporating a pre-coder unit using scalable 
pre-coding schemes, according to various embodiments of 
the invention. 
[0021] FIG. 5C provides a functional block diagram illus 
trating a set of embodiments of a pre-coder unit using data 
partitioning pre-coding schemes, according to various 
embodiments of the invention. 
[0022] FIG. 5D provides functional block diagram of a set 
of embodiments incorporating a pre-coder unit using hybrid 
scalable and data partitioning pre-coding schemes, according 
to various embodiments of the invention. 
[0023] FIG. 6 provides an illustration of an exemplary table 
of identi?er data for use With various embodiments of the 
invention. 
[0024] FIG. 7 provides a functional block diagram of a 
device incorporating a processor unit, a representation data 
store, and an identi?er data store, according to various 
embodiments of the invention. 
[0025] FIG. 8A provides a functional block diagram incor 
porating a processor unit, according to various embodiments 
of the invention. 
[0026] FIG. 8B, provides another functional block diagram 
incorporating a processor unit, according to various embodi 
ments of the invention is provided. 
[0027] FIG. 9A provides an exemplary embodiment illus 
trating adapting coding and modulation schemes to link con 
ditions, according to various embodiments of the invention. 
[0028] FIG. 9B provides another exemplary embodiment 
illustrating adapting coding and modulation schemes to link 
conditions, according to various embodiments of the inven 
tion. 
[0029] FIG. 10 shoWs an illustrative computational system 
for providing link aWare communications in over communi 
cation links With changing link conditions, according to vari 
ous embodiments of the invention. 
[0030] FIG. 11 provides a How diagram describing meth 
ods for receiving source data and transmitting the source data 
over a communication link having changing link conditions, 
according to various embodiments of the invention. 
[0031] FIG. 12 provides a How diagram describing meth 
ods for aggregating data received over communication links 
having changing link conditions, according to various 
embodiments of the invention. 

DETAILED DESCRIPTION 

[0032] This description provides exemplary embodiments 
only, and is not intended to limit the scope, applicability or 
con?guration of the invention. Rather, the ensuing descrip 
tion of the embodiments Will provide those skilled in the art 
With an enabling description for implementing embodiments 
of the invention. Various changes may be made in the function 
and arrangement of elements Without departing from the 
spirit and scope of the invention. 
[0033] Among other things, the description provides meth 
ods, systems, softWare, and devices for transmitting source 
data from multiple data terminals to an aggregator terminal 
over communication links having changing link conditions. 
Turning ?rst to FIG. 1, a simpli?ed block diagram of a link 
aWare data communication and aggregation system is pro 
vided, according to various embodiments of the invention. 
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The system 100 includes a number of mobile data terminals 
120 and a number of ?xed data terminals 130, all communi 
catively coupled With an aggregator terminal 110. 
[0034] In some embodiments, source data is received at 
each of the multiple data terminals, including the mobile data 
terminals 120 and the ?xed data terminals 130. Embodiments 
of source data may include audio, video, and/ or any other type 
of media or non-media data. Further, source data may be 
received live, streaming, stored, raW, encoded, or in any other 
useful form. For example, video source data may include a 
scene from Which live video may be received, a live video 
stream being streamed from another device or netWork, a 
stored video stream being received from a data store (e.g., a 
tape, drive, server, etc.), etc. 
[0035] It Will be appreciated that the mobile data terminals 
120 and ?xed data terminals 130 may include any devices, 
systems, components, and/or softWare capable of receiving 
source data and communicating the source data to the aggre 
gator terminal 110. In one illustrative embodiment, a number 
of mobile data terminals 120 and ?xed data terminals 130 are 
used to generate and receive data relating to an automobile 
racing event. Multiple mobile cameras (e.g., in various cars, 
on remote dollies, etc.) may be used as mobile data terminals 
120 for receiving live video feeds of the event from various 
locations and angles, a stationary neWscaster (e.g., in an 
announcer’s booth) and a sideline cameraman may have ?xed 
cameras for use as ?xed data terminals 130, a remote server 
may be used as a ?xed data terminal 130 from Which to 
receive archive footage, and a geosynchronous satellite may 
be used as a ?xed data terminal 130 for receiving Weather 
information. The source data from each of these mobile data 
terminals 120 and ?xed data terminals 130 may be sent to an 
aggregator terminal 110 for aggregation and/or production. 
[0036] Certain of the mobile data terminals 120 and/or 
?xed data terminals 130 may communicate With the aggre 
gator terminal 110 over communication links 102 having 
changing link conditions (e.g., communication link 102-1), 
While others may communicate With the aggregator terminal 
110 over communication links 102 having stable or ?xed link 
conditions (e.g., communication link 102-2). Link conditions 
may include any type of parameter associated With a commu 
nication link that may affect the communication of data over 
the link. For example, a communication link may be charac 
teriZed by its bandWidth, signal-to-noise ratio, bit error rate, 
poWer level, data traf?c priority, data tra?ic protocol, latency, 
cost-per-bit, etc. Notably, some or all of these link conditions 
may change over time. For example, a changing geographic 
location of a mobile data terminal 120 relative to the aggre 
gator terminal 110 may affect the signal-to-noise ratio and 
latency of a communication link betWeen them. 
[0037] Embodiments of the mobile data terminals 120 and/ 
or ?xed data terminals 130 may be adapted to encode the 
source data as a function of the link conditions (e. g., current 
link conditions, predicted link conditions, past link condi 
tions, etc.). For example, as a mobile data terminal 120 
moves, its link condition may change so as to adversely affect 
data integrity over a communication link betWeen the mobile 
data terminal 120 and the aggregator terminal 110. The 
mobile data terminal 120 may be adapted to at least partially 
counteract this effect by using a different encoding scheme 
(e. g., a higher order encoding scheme, as described beloW). 
[0038] In some embodiments, the mobile data terminals 
120 and/or ?xed data terminals 130 are further adapted to 
store some or all of the source data (e.g., in a drive, server, 
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buffer, etc.). The stored source data may be encoded for 
transmission at a different time or under different link condi 
tions. In certain embodiments, certain, more critical elements 
of the received source data are encoded using a ?rst encoding 
scheme and transmitted to the aggregator terminal 110 using 
a high-reliability transmission scheme. Other, less critical 
elements of the received source data may be stored, encoded, 
and or transmitted differently. For example, less critical 
source data elements may be transmitted only under certain 
link conditions, transmitted using loWer-reliability transmis 
sion schemes, encodedusing different encoding schemes, etc. 
[0039] For example, say a mobile data terminal 120 trans 
mits a doWn-conver‘ted portion of its received source data to 
compensate for undesirable link conditions substantially at 
the time the source data is received. In one embodiment, the 
doWn-conver‘ted data is insuf?cient to generate production 
quality video data, but is su?icient to provide certain other 
information (e. g., blocking of the scene, audio from the scene, 
positions of certain objects or people in the scene, general 
color balance information, timing information, etc.). For 
example, it may be possible to begin blocking out video 
footage, storyboards, and other production-related tasks 
using the doWn-conver‘ted data. In another embodiment, the 
doWn-conver‘ted data is su?icient for generating a loW-reso 
lution video feed (e. g., for use on cellular telephone screens, 
standard-de?nition televisions, etc.), but is insu?icient for 
providing a high-resolution video feed (e. g., for use on high 
de?nition televisions, very large displays, etc.). 
[0040] In these and other embodiments, at certain times or 
over a period of time, additional data may be transmitted to 
the aggregator terminal 110 from some or all of the mobile 
data terminals 120 or ?xed data terminals 13 0. In one embodi 
ment supplemental elements from the source data may be 
transmitted over time to the aggregator terminal 110 to be 
aggregated With previously transmitted elements from the 
source data. For example, high-de?nition elements may be 
transmitted to the aggregator terminal 110 to ?ll in previously 
transmitted loW-de?nition elements from a particular set of 
source data. Where the high-de?nition elements are less criti 
cal, they may be transmitted accordingly (e. g., by using 
loWer-reliability transmission schemes). 
[0041] In some embodiments, the aggregator terminal 110 
is adapted to monitor and/or control operation of some or all 
of the mobile data terminals 120 and/ or ?xed data terminals 
130. In certain embodiments, the aggregator terminal moni 
tors de?ciencies in the incoming data and transmits control 
signals to the mobile data terminals in an attempt to resolve 
those data de?ciencies. It Will be appreciated that data de? 
ciencies may include any type of information gained from 
analyZing the aggregate dataset to determine What other data 
may be necessary or desirable. For example, data de?ciencies 
may include unusable data (e.g., data that is missing, incor 
rect, corrupt, incompatible, etc.), missing or de?cient source 
data content (e.g., missing vieWpoints or angles, bad lighting, 
missing source data elements that may or may not be stored at 
a data terminal), etc. 
[0042] In one embodiment, the aggregator terminal 110 
determines that data originating from a particular mobile data 
terminal 120-2 is not being received at the aggregator termi 
nal 110 With desirable integrity. The aggregator terminal 110 
may generate a control signal and transmit the control signal 
to the particular mobile data terminal 120-2, causing the 
particular mobile data terminal 120-2 to adjust its encoding 
scheme to achieve better data integrity over the communica 


































