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tion. 
[0094] This means that a search is made for a frame 
encoded by intra-frame encoding (I-Picture). 
[0095] When the switching enable position is set, an 
instruction for switching encoded data is supplied to the 
switch device 702 by using the switching instruction in­
formation 73i. FIG. 8 shows an example of this instruc­
tion. Assume that encoded data A is currently selected, 
and there occurs a need to execute switching to encod­
ed data B according to the switch information 632. 
[0096] At this stage, assume that a frame is proc­
essed at the time of "switching instruction" shown in FIG. 
8. In such a case, if encoded data is switched, an un­
matched image occurs. This is because a difference 
from the previous image is encoded in intra-frame en­
coding (P-Picture). Therefore, if encoded data is 
switched at the time of P-Picture, an attempt is made to 
reproduce the next picture (picture Pi 1 of encoded data 
(B)) by using immediately preceding picture (decoded 
picture ii 1 of encoding data (A)). This provides a prob­
lem that a correct decode picture cannot be obtained, 
and a picture is destroyed. Thus, there occurs a need 
to execute switching at a timing of a picture of intra­
frame encoding (I-Picture) undergoing encoding by that 
frame only. This timing is defined as a timing ata position 
marked with "execute switching". 
[0097] As in FIG. 9, a case in which the number of 
frames or time position differs depending on encoded 
data is considered. In this case as well, a switching en­
able position of encoded data at a switching destination 
is detected, and switching of encoded data is executed 
when the switching enable position is set. 
[0098] At the switching position detecting device 701 
shown in FIG. 7, when a need to execute switching ac­
cording to the switch information 632 occurs, it is pos­
sible to employ a method for temporarily stopping an 
output i 32 to the encoded data transmitter i 03, and 
then, outputting new encoded data to the encoded data 
transmitter i 03 at a stage at which the switching position 
is set. 
[0099] This method is effective when it is necessary 
to suppress a buffer overflow or the like by switching 
encoded data. When an underflow is problematic, a 
stuffing bit is forcibly inserted, thereby making it possible 
to counteract such an underflow. 

(Third Embodiment) 

[0100] Now, a third embodiment according to the 
present invention will be described here. 
[0101] The present embodiment describes an exem­
plary configuration of an encoding parameter determi­
nation device 401 of the video encoder 102 shown in 
FIG. 4 according to the first embodiment when a time 
interval (GOP interval) between frames encoded in a in­
tra-frame encoded mode is adjusted based on the net­
work condition information 136 outputted from the net­
work state determination device 105. Here, a descrip-
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tion will be given by focusing on differences from the first 
embodiment. 
[0102] FIG. 13 shows an exemplary configuration of 
the encoding parameter determination device 401. This 
device comprises a GOP interval calculator (GOP inter­
val calculator) 1501 and an encoding parameter deter­
mination device 502. 
[0103] The network condition information 1 36 output­
ted from the network condition determination device i 05 
(including at least packet loss rate information) is input 
to an encoding parameter determination device 502. 
The parameter determination device 502 inputs packet 
loss rate information 1531 of the network condition in­
formation 136 to the GOP interval calculator 1501. The 
GOP interval calculator 1501 calculates a GOP interval 
from the packet loss rate information 1531. The GOP 
interval information 1532 is notified to the encoding pa­
rameter determination device 401. The encoding pa­
rameter determination device 401 outputs encoding pa­
rameter information 431 that contains the inputted GOP 
interval information 1532. When internally generated 
parameter information exists, the encoding parameter 
determination device 401 outputs GOP interval informa­
tion 1532 and encoding parameter information 431 that 
contains the internally generated parameter informa­
tion. 
[0104] FIG. 14 shows an example of a method for de­
termining a GOP interval at the GOP interval calculator. 
[0105] At the step S 1601, it is determined whether or 
not a packet loss occurs from the network condition in­
formation 136. When such a packet loss occurs, the 
GOP interval is estimated by formula (3) below, for ex­
ample, at the step S1602. 

Gop = (TN - TL)/{(FN - FL) x r} (3) 

where "gop" denotes a GOP interval, "r" denotes 
a packet loss rate, FN denotes a total number of current 
frames, FL denotes a total number of frames during past 
calculation, TN denotes a time, and TL denotes a time 
during past calculation. 
[0106] The GOP interval obtained at the step Si 602 
is notified to the signal processor 402 at the step Si 603, 
and encoding is carried out based on the notified value. 
[0107] On the other hand, when no packet loss has 
occurred atthe step S1601, the default GOP thresholds 
are read out at the step S1604. At the step S1603, this 
value is notified to the signal processor 402. 
[0108] According to the present embodiment, it is pos­
sible to change dynamically the GOP interval to a value 
suitable to a network. In this manner, when a small 
number of errors occur, the GOP interval is increased, 
thereby making it possible to reduce wasteful intra­
frame encoded modes in number. In contrast, when a 
large number of errors occur, the GOP interval is de­
creased, and a frame in the intra-frame encoded mode 
appears quickly, thereby making it possible to acceler-
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ate recovery. In the present embodiment, it is possible 
to efficiently select an intra-frame encoded mode. 
[0109] FIG. 15 shows another example of a method 
for determining a GOP interval at the GOP interval cal­
culator in accordance with a flow chart. 
[011 0] In this example, even when packet loss is few­
er than that in the system shown in FIG. 14, the network 
condition is estimated from the past history of packet 
loss at the step S1704, and an optimal GOP interval is 
calculated. This technique makes it possible to estimate 
whether a network is completely free of an error or an 
error may occurs by checking the past history instead 
of resetting the GOP interval to the default value by de­
termining that no packet loss occurs at one moment. In 
this manner, it is possible to determine the network con­
dition more accurately. 
[0111] FIG. 16 shows still another example of a meth­
od for determining a GOP interval at the GOP internal 
calculator in accordance with a flow chart. 
[0112] In this example, the GOP interval is deter­
mined by a unique calculation system instead of deter­
mination based on the presence/absence of a packet 
loss. This system can be used to determine the GOP 
interval from the current packet loss rate in accordance 
with a single formula or to determine the most suitable 
GOP interval by checking the past history. 
[0113] The following formula (4) shows an example of 
calculation formula for determining the GOP interval. 

Gop = [(TN - TL)/{(FN - FL) X r}] X a (4) 

where "gop" denotes a GOP interval, "r" denotes 
a packet loss rate, a denotes a sensitivity coefficient, 
FB denotes a total number of current frames, FL de­
notes a total number of frames during past calculation, 
TN denotes a current time, and TL denotes a time during 
past calculation. 
[0114] In this example, the GOP interval calculated 
from an actual value is multiplied by a sensitivity coeffi­
cient, thereby making it possible to meet a requirement 
for accelerating recovery by sacrificing efficiency or a 
requirement when one does not take care even if an ef­
fect of error is somewhat extended. For example, if the 
sensitivity coefficient a is set to be smallerthan 1, a GOP 
interval which is smaller than that calculated from an ac­
tually measured value is output. In this manner, although 
the efficiency is sacrificed, when an error occurs, it is 
possible to estimate faster recovery. 
[0115] The present embodiment is not limited to for­
mulas (3) and (4). For example, in these formulas, a val­
ue is calculated by using an increment during past cal­
culation and subsequent, it is possible to calculate the 
value by taking a margin such as then preceding incre­
ment. In this manner, it is possible to cope with a gradual 
change hidden in a change in detailed state or to elimi­
nate a temporal change to some extent. Similarly, algo­
rithms are not limited to those shown in the present em-

bodiment. 
[0116] The foregoing embodiment has described an 
exemplary configuration when a time interval (GOP in­
terval) is adjusted, the time interval being between the 

s frames encoded in the intra-frame encoded mode based 
on the network condition information 136 at the encod­
ing parameter determination device 401 of the video en­
coder 102 shown in FIG. 4 according to the first embod­
iment. Alternatively, there can be provided a configura-

10 tion in which the network condition determination device 
105 according to the first embodiment (FIGS. 1, 2, or 3) 
determines a time interval (GOP interval) encoded in the 
intra-frame encoded mode based on information from 
the network information or information from the network 

15 information receiver 104 and information from the video 
encoder 102, and provides the encoded time interval to 
the image encoder 1 02. 
[0117] As described in the first embodiment, it is pos­
sible to configure a video encoder capable of determin-

20 ing a network condition, the video encoder having func­
tions of the video encoder 1 02 and network condition 
determination device 105, thereby providing the previ­
ously described functions in one block. 
[0118] In the foregoing, although a variety of embod-

25 iments have been described, in short, the present inven­
tion utilizes characteristics of RTP, and comprises a sys­
tem (RTCP) for notifying network state information such 
as jitter or packet loss rate from a transmitter or receiver. 
At the transmitter, a bit rate of transmission data at the 

30 transmitter is adjusted according to a transmission state 
of a transmission channel based on the notification of 
network state information acquired from the receiver in 
the transmitter such as jitter or packet loss rate so that 
control such as change of the error resilience level can 

35 be carried out. Therefore, according to the above de­
scribed present invention, data can be transmitted effi­
ciently to the maximum so as to achieve data transmis­
sion that makes it possible to fully utilize transmission 
requiring real time properties as well. 

40 [0119] The techniques described in the embodiments 
of the present invention can be distributed to be stored 
as a computer executable program in a recording me­
dium such as a magnetic disk (such as a flexible disk or 
a hard disk); an optical disk (such as CD-ROM, CD-R, 

45 CD-RW, DVD, or MO), and a recording medium such as 
a semiconductor memory. Further, the above program 
can be distributed by means of transmission via a net­
work. 
[0120] According to the present invention, it is possi-

so ble to determine a network condition, and then, optimally 
set an encoding parameter. In addition, when a packet 
loss caused by congestion and a loss of a channel error 
coexist in a network, it is possible to determine the loss, 
and then, to set a parameter. 

55 [0121] Therefore, according to the present invention, 
there can be provided a data transmission apparatus 
and method in which data can be transmitted efficiently 
to the maximum so as to achieve data transmission that 

10 
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makes it possible to fully utilize transmission requiring 
real time properties. 

Claims 

1. A data transmission apparatus for transmitting 
transmission data from a transmitter to a receiver 
via a transmission channel, characterized by com-

5 

prising: 10 

5. A data transmitting apparatus that transmits trans­
mission data from a transmitter to a receiver via a 
transmission channel, characterized by compris­
ing: 

means (102) for generating plural encoded da­
ta obtained by encoding a single content at dif­
ferent bit rates, in the transmitter; 
means (1 05) for estimating a condition of the 
transmission channel based on Jitter informa­
tion or packet loss rate; and 
means (603) for selecting encoded data having 
an optimum transmission rate from the plural 
encoded data according to the estimated trans-

means ( 105) for estimating a transmission con­
dition of the transmission channel in the trans­
mitter based on at least Jitter information or a 
packet loss rate obtained from the receiver; and 
means (102) for changing at least one of a bit 
rate of transmission data and an error resilience 
level according to the estimated transmission 
condition. 

15 mission condition. 

2. 

3. 

An apparatus according to claim 1 , characterized 
in that the transmitter includes means (102) for 
generating encoded data obtained by encoding a 
single content at different transmission rates, and 
means (603) for selecting optimum encoded data 
having optimum bit rate from the encoded data of 
the encoded data generating means (102) to adjust 
a bit rate of the transmission data in the transmitter 
according to the estimated transmission condition. 

A data transmission method of transmitting trans-
mission data from a transmitter to a receiver via a 
transmission channel, characterized by compris-
ing: 

generating encoded data obtained by encoding 
a single content at different transmission rates; 
estimating a transmission condition of the 
transmission channel in the transmitter based 

20 

25 

30 

35 

on at least Jitter infonmation or a packet loss 40 

rate obtained from the receiver; and 
selecting optimum encoded data having an op­
timum bit rate from the encoded data to adjust 
a bit rate of the transmission data in the trans-

6. A method of transmitting transmission data from a 
transmitter to a receiver via a transmission channel. 

7. 

the method characterized by comprising: 

storing plural encoded data obtained by encod­
ing a content at different bit rates; 
estimating a condition of the transmission 
channel based on Jitter infonmation or packet 
loss rate; 
selecting encoded data having optimum trans­
mission rate from the plural encoded data to ad­
just a bit rate of the transmission data in the 
transmitter. 

A data transmission program stored on a computer 
readable medium, the program characterized by 
comprising: 

instruction means for instructing a computer to 
estimate a transmission condition of the trans­
mission channel in the transmitter based on at 
least Jitter infonmation or a packet loss rate ob­
tained from the receiver; and 
instruction means for instructing the computer 
to change at least one of a bit rate of transmis­
sion data and a error resilience level according 
to the estimated transmission condition. 

mitter according to the estimated transmission 45 8. A data transmission apparatus, characterized by 
condition. 

4. A data transmission method characterized by 
comprising: 

estimating a transmission condition of the 
transmission channel in the transmitter based 
on at least Jitter infonmation or a packet loss 
rate obtained from the receiver; and 

50 

changing at least one of a bit rate of transmis- 55 

sion data and an error resilience level accord-
ing to the estimated transmission condition. 

11 

comprising: 

receiver means (1 04) for receiving network in­
formation regarding a condition of a network; 
determination means (105) for determining a 
network condition based on the network infor­
mation from the receiver means; 
encoder means (102) for encoding a video data 
signal to generate encoded video data and con­
trol a bit rate or an error resilience level of the 
encoded video data according to the network 
condition information; and 
transmitter means (103) for transmitting the en-
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coded video data to the network. 

9. An apparatus according to claim 6, characterized 
in that the encoder means (102) is supplied with an 
encoding parameter as the network condition infor­
mation and generates encoded data whose bit rate 
is adjusted according to the encoding parameter, 

the determination means (105) includes first 
storage means (302) for storing encoding parame­
ter information obtained by the encoder means, 
second storage means (301) storing the network in­
formation input by the network information receiver, 
and determination means (303) for determine the 
encoding parameter by deciding the network con­
dition based on network information input by the 
network information receiver, past encoding param­
eter information from the first storage means and 
past network information from the second storage 
means. 

10. An apparatus according to claim 8, characterized 
in that the encoder means (1 02) includes parame­
ter determination means (401) for determining the 
encoding parameter from the network condition in­
formation input from the receiver means, the encod­
er means (102) encoding the video data signal to 
generate the encoded video data whose bit rate is 
adjusted in correspondence with the encoding pa­
rameter determined by the determination means 
(401). 

11. An apparatus according to claim 10, characterized 

the GOP interval computation means. 

14. An apparatus according to claim 12 or 13, charac­
terized in that the determination means (105) de-

s termines at least a packet loss rate as the network 
condition, and the GOP interval computation means 
computes the GOP interval based on at least the 
packet loss rate. 

10 15. An apparatus according to claim 8, characterized 
by including switching means (602) for switching 
among plural encoded data encoded at different 
transmission rates, respectively, to select encoded 
data having a transmission rate corresponding to 

ts switching information, and selector means (603) for 
selecting a transmission rate of encoded data to be 
transmitted from the transmitter based on the net­
work condition information outputted from the de­
termination means (105) and output the selected 

20 transmission rate as the switching information to the 
switching means. 

16. An apparatus according to claim 15, characterized 
in that the switching means (602) includes a switch-

25 ing position detector for detecting a switching posi­
tion at which one of the encoded data can be 
switched to the other, and when an encoded data 
switching signal is generated by the switching infor­
mation output from the selector means (603), the 

30 switching position detector detects the switching 
position, to switch the encoded data at the switching 
position. 

by including encoding determination means (501) 
determine whether a next frame is to be encoded 
forcibly in an intra-frame encoding mode, when the 35 

parameter determination means (401) determines 
the encoding parameter using the network condi-
tion information. 

12. An apparatus according to claim 8 or 9, character- 40 

ized in that the determination means (105) in­
cludes computation means for computing a GPO in­
terval from the network information input from the 
receiver means (104) to generate network condition 
information including GOP interval information indi- 45 

eating the GOP interval obtained by the computa-
tion means, and the encoder means (102) encodes 
the video data signal according to the GOP interval 
information included in the network condition infor­
mation. 50 

13. An apparatus according to claim 8 or 1 o, charac­
terized in that the encoder means (102) includes 
GOP interval computation means for computing a 
GOP interval based on the network information in- 55 

put from the receiver means (104) and encodes the 
video data signal according to the GOP interval in­
formation indicating the GOP interval computed by 

12 
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FILE SPLITTING, SCALABLE CODING, AND 

ASYNCHRONOUS TRANSMISSION IN STREAMED DATA 

TRANSFER 

Cross-Reference to Related Application 

10 [0001] This application is a continuation-:in-part of U.S. Patent Applica-

tion Serial Number 09 /846,823, filed on April 30,. 2001, Patent No. X,XXX,XXX, the 

disclosure of which is incorporated by reference, and which claimed priority from 

U.S. Provisional Application Serial Number 60 /201,622,. filed May 3, 2000, the disclo­

sure of which is incorporated by reference. The present application also claims prior-

15 ity from provisional U.S. Patent Application Serial No. 60/337,939, for uFile Splitting, 

Scalable Coding, and Asynchronous Transmission :in Streamed Data Transfer," filed 

November 9, 2001, the disclosure of which is incorporated by reference. 

Background of the Invention 

Field of the Invention 

20 [0002] The present invention is related to delivery of streamed programs 

such as audio and video, and more particularly to systems and methods providing 

improved control, efficiency1 and quality of such streamed transmissions us:ing file 

splitting, scalable coding, and asynchronous transmission. 
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Description of the Background Art 

[0003] Delivery of audio and video programs over the Internet provides 

several advantages over conventional broadcast media such as radio and television. 

Unlike broadcast media, which require users to receive programs at particular times, 

5 or to record them for later use, Internet delivery allows users to select and receive 

programs upon demand, at a time that is convenient to them. For example, a user 

may browse to a news story, presented in text format, and click on a link that initiates 

playback of an audio report on the news item. Users may also click on links to hear 

songs or song samples, as is common in e-commerce sites, such as amazon.com or 

10 cdnow.com, in order to permit users to sample songs before purchasing compact 

discs {CDs). Internet delivery of audio programming may also be used for imple­

menting personalized radio stations, which deliver music tracks selected in response 

to the tastes of particular users. Similar functionality is available for the delivery of 

video programs on demand, allowing users to view sports highlights, news reports, 

15 music videos, and even films and television shows, over the Internet. 

[0004] Software for playing back such audio and video files is known in the 

artF including for example the Windows Media Player from Microsoft Corporation, 

and the RealPlayer from Real Networks., Inc. Functionality for audio and video de­

livery may also be built into browsers such as Netscape Navigator and Microsoft 

20 Internet Explorer. 

[0005] One disadvantage of Internet delivery of audio and video programs 

is the relatively limited bandwidth that is available for any particular program. Com­

pared with broadcast media, such as radio, television (over-the-air or cable), and the 

likeF typical Internet connections offer far less bandwidth and thus limit the amount 

25 of information that may be transmitted to the end user in a given period of time. 

Thus, even with the application of aggressive compression algorithms, sound quality 

and picture quality of streamed programs received over the Internet tend to be 

substandard. For example, due to the limited number of bits available, existing 

Internet delivery schemes fail to provide received audio programs at a quality ap-

30 proaching that of CDs. 
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[0006] As an alternative to streamed pr~grams, and in order to improve 

quality of the received programs, users may download programs and then, subse­

quent to downloading themr play the received program via their computers. Since 

the program is not being viewed or listened to in "real time/' more time is available 

s to transmit and receive the program, so that larger files may be provided,. and better 

quality achieved. However, it may take many minutes, or even hours, to download a 

short program at a reasonable level of quality. Thus, such a scheme does not provide 

the user 1;,vith an :immediate listening or viewing experience; rather,. the user must 

wait until the program is downloaded before it can be viewed or listened to. 

10 Summary of the Invention 

[0007] The present invention provides improved quality,. security, and effi-

ciency for streamed programs, by combining received streamed data with previously­

stored (cached) data. In one embodiment, a program file containing program data 

such as audio., video,. or the like,. is split into two or more sections. In one ernbodi-

15 ment, each section is not usable on its Ov\m. to provide program output (e.g., audio 

signals where the program file is an audio file), but can only be used when recom­

bined with the remaining sections. In one embodiment, one section of the split data is 

considerably smaller than the other section(s). This splitting allows the second sec­

tion to be cached by a client machine without a danger that the client has a persistent 

20 usable copy of the original file. This allows the benefits of caching to be realized 

without providing users with unauthorized persistent copies of files. 

[0008] For example, the second section may be transmitted in advance of 

the actual playback of a program file, thus avoiding bottlenecks that may result when 

the entire program file is transmitted upon user demand. Until the first section is 

25 transmitted, the user will not be able to play the program file. The smaller first sec­

tion may be streamed to allow playback of the program file. The first section is dis­

carded after playback so that no persistent usable copy of the program file remains on 

the user's machine. The second section remains cached, allowing future streaming 

playback to be performed efficiently. The ability to not provide a persistent usable 
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copy of the program file can be advantageous because copyright holders may not 

wish to authorize such persistent copies,. since the persistent copy could cannibalize 

revenues from sales of the program file in a tangible medium (such as audio CDs), or 

paid future downloads, streamed or otherwise., of the program file. 

[0009] Alternatively, the program file is split into sections in order to pro-

vide scalability in the playback quality level. The first section is playable at a rela­

tively low quality level Additional sections of data may be added to the first section 

to increase the quality level. Thus., the program file may be downloaded and played 

at a quality level determined by the bandwidth of the connection. The sections may 

10 be cached so that when it is desired to play the program file again, additional sections 

may be downloaded and added for higher quality playback. 

[001 O] In some embodiments, a persistent copy of a playable version of the 

program file is not stored on the client. The additional sections are not playable with­

out the first level. Thus, the additional sections may be cached., so that the file can be 

15 played back by combining a downloaded first section with cached additional 

sections. 

[0011] The file splitting and scalable coding embodiments may also both be 

used on the same program file. This allows most of the file to be cached while still 

providing the server control over when the file may be played back. It also allows 

20 subsequent playbacks of the file after the first to be progressively higher quality as 

more of the scalable sections are transmitted with every playback. 

Brief Description of the Drawings 

[0012] Fig. lA is a block diagram of a functional architecmre. 

[0013] Fig. 2 is a block diagram of a conceptual architecture for one em-

25 bodiment. 

[0014] Figs. 3A and 3B illustrate a method for splitting a program file 

according to one embodiment of the present invention. 

[0015] Figs. 3C and 3D illustrate a method of receiving and playing a previ-

ously split program file according to one embodiment of the present invention. 
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[0016] 

[0017] 

Fig. 4A illustrates an example of a scalably-coded program file. 

Fig. 4B is a block diagram illustrating the use and combination of 

primary data and secondary data to provide different playback quality levels. 

[0018] Figs. 4C and 4D depict examples of scalable coding according to one 

5 embodiment of the present invention. 

[0019] Figs. SA and 5B depict techniques for combining file splitting and 

scalable coding according to one embodiment of the present invention . 

Detailed Description of the Preferred Embodiments 

[0020] The following description of preferred embodiments of the present 

10 invention is presented in the context of an Internet-based jukebox or personalized ra­

dio station where it is desirable to stream music files. One skilled in the art will rec­

ognize that the present invention may be implemented in many other domains and 

environments,. both within the context of musical files,. and in other contexts. Accord­

ingly, the following description, while intended to be illustrative of a particular im-

15 plementation, is not intended to limit the scope of the present invention or its appli­

cability to other domains and environments. Rather, the scope of the present inven­

tion is limited and defined solely by the claims. 

Architecture Overview 

[0021] Referring now to Fig. 2, there is shown a conceptual architecture of 

20 one embodiment of the present invention. In the architecture of Fig. 2, the invention 

is implemented in connection with a web-based ''jukebox" 103, or personalized radio 

station. 

[0022] Stream delivery system 150 interacts with jukebox 103 to specify a 

sequence of audio files to deliver to jukebox 103. In some embodiments, this jukebox 

25 103 may run on a client such as a personal computer, while the stream deliver server 

system is part of a remote server,. connected to the client via a network. Jukebox 103 

transmits requests to stream delivery system 150, and stream delivery system 150 de­

livers the audio files, as tracks, to jukebox 103. Stream delivery system 150 also com­

municates with real-time subscription authorization module 157, which includes real-
5 
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time server 154 and database 156 that keep track of which user accounts are active 

and enforces global business rules about which accounts can listen to the radio at a 

given time. Within stream delivery system 150,. there are a number of distinct soft­

ware entities. Radio sequence generator 1613 receives requests from jukebox 103, re-

s ceives format definitions 1611 and general constraints 1616, and receives recommen­

dations from recommendation engine 107,. to generate track selections to be transmit­

ted to jukebox 103. The track selections generated by radio sequence generator 1613 

specify which files to play according to estimated listener preferences as well as pre­

determined station formats. Authorization and content server 1614 keeps a record of 

10 the files that are selected by radio sequence generator 1613; server 1614 is consulted 

by radio sequence generator 1613 when files are requested. If generator 1613 does not 

provide the necessary security information, server 1614 flags this anomaly and de­

clines to provide the data. 

[0023] Referring now to Fig. lA, there is shown a block diagram of a func-

15 tional architecture for one embodiment of the present invention. Content index 110 

provides a concise index of content stored in database 102, and is generated by 

conventional index generation means, to enable more efficient searching and 

updating of database 102. 

Stream Delivery 

20 [0024] In one embodiment, program files, such as audio files, are deliv-

ered to users as streamed data. The relationship discovery engine described in U.S. 

Patent Application Serial Number 09 /846,823, filed on April 30, 2001, Patent No. 

X,:XXX,:XXX, describes one way to implement a personalized radio station, which may 

be used in conjunction with the present invention. The radio sequence transmitter 

25 121 may deliver units of data to jukebox 103 in a format wherein each unit encodes a 

period of music. Since radio stations typically :repeat their programming several 

times,. it is beneficial to cache the data units in order to reduce the amount of trans­

mitted data. In addition, if a sufficiently large time scale is used, different channels of 

the radio station may have considerable overlap among currently playing selections 

30 that are being delivered to various users. By identifying these common units, trans-
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mitter 121 can take advantage of further economies of transmission, so as to provide 

more efficient delivery of audio data. 

[0025] In one embocliment, the transmitter 121 employs file splitting to 

improve the streaming performance, and provide streaming performance even in 

s situations where channel capacity would otherwise be insufficient to provide the de­

sired level of quality. In some embodiments, files are split prior to being stored in the 

content database 102 or with the compressed signal files 1615. In other embodiments, 

the files 101 are stored in the content database 102 or with the compressed signal files 

1615 without first being split; the files are then split prior to being transmitted to a 

10 user for playback. 

[0026] Fig. 3A is a flow diagram illustrating a method of splitting and 

stormg a program file (such as a bitstream) containing program data such as audio, 

video, or the like, accordmg to one embodiment. The process begins with the unsplit 

file 2710. Prior to being split, the file 2710 may be encoded and/ or compressed 2712., 

15 although such operations are not essential to the present invention. Next the file 2710 

is split 2714 mto two or more parts, resulting in at least a first part 2716 of the file and 

a second part 2718 of the file. Particular techniques for splitting 2714 file 2710 are de­

scribed in more detail in connection with Fig. 3B below. In one embodiment, the sec­

ond part 2718 is substantially larger than the first part 2716. The file may be split 2714 

20 into more than two parts. The parts 2716 and 2718 of the file 2710 are then stored 

2720 in the content database 102 or with the compressed signal files 1615, or in some 

other location for later transmission. Alternatively, in an embodiment wherein files 

are split 2714 immediately prior to being transmitted,. parts 2716 and 2718 are trans­

mitted 2720 to an end user or remote computer for playback. 

25 [0027] Fig. 3B is a block diagram illustrating an example of a method of 

splitting 2714 file 2710 into parts 2716, 2718 according to one embodiment. In the il­

lustrated example, the file 2710 has M bits 2722-1 through 2722-M. The system gener­

ates first part 2716 of the file 2710 by taking N out of every P bits. The system gener­

ates second part 2718 of the file by taking the remaining P-N out of every P bits. In 

30 Fig. 3B, N is equal to one,, and Pis equal to four. Thus, the system assigns first bit 

2722-1 to first part 2716,. and assigns the next three bits 2722-2 through 2722-4 to sec-
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ond part 2718. The system then assigns fifth bit 2722-5 to first part 2716 and the next 

three bits 2722-6 through 2722-8 to second part 2718. The system repeats this pattern 

until all the bits of the file 2710 have been assigned to one of first and second parts 

2716, 2718. In short, then, the system divides file 2710 into sections, with the first bit 

5 (or some other bit) of each section being sent to the first part 2716, and the remairung 

bits of each section being sent to the second part 2718. In general, the splitting tech­

nique of the present invention results in two or more sections 2716, 2718 each of 

which cannot be played back on its own, but can be played only when recombined 

with the other section or sections. 

10 [0028] In one embodiment, N is equal to one, and P is equal to twenty, so 

that the first part 2716 is approximately 5% the size of the original file 2710, and the 

second part 2718 is approximately 95% the size of the original file 2710. 

[0029] One skilled in the art will recognize that the system of the inven-

tion is not limited to file-splitting by bits, but may split files according to other units, 

15 such as bytes, or simply an arbitrary unit size. Alternatively, other file-splitting tech­

niques may be used. For example., the system can include all headers, compression 

table selectors and scale factors into the first section 2716., and include all encoded 

program data (such as audio or video) into the second part 2718. Other methods of 

splitting the file 2710 into two or more parts may also be used. 

20 [0030] In general, it is desirable in most embodiments that each part of the 

file 2710 is not decodable or able to be played back on its own, but can only be de­

coded and/ or played back when recombined with the remaining part(s ). This allows 

a part to be handled, transmitted, cached, or otherwise processed, without concerns 

that a user may permanently store and reuse an unauthorized copy of the program. 

25 Since a part cannot be used independently to recreate a recognizable facsimile of the 

signal in the original file 2710, the part can be cached by a client machine without any 

danger that the client has been given an unauthorized, useable persistent copy of the 

program file 2710. The ability to not provide a persistent usable copy of the program 

file can be advantageous because copyright holders may not wish to authorize such 

30 persistent copies, since the persistent copy could cannibalize revenues from sales of 
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the program file :in a tangible medium (such as audio CDs), or paid future 

downloads, streamed or otherwise, of th.e program file. 

[0031] Fig. 3C is a flow diagram illustrating a method of receiving and 

playing a previously split program file according to one embodiment of the present 

s invention. When a file is to be transmitted from stream delivery system 150 to the 

jukebox 103, the jukebox 103 or server 1614 determines 2724 whether th.e second part 

2718 of the file 2710 has previously been stored, or cachedr locally and is available for 

retrieval. If the second part 2718 is not available locally for retrieval, jukebox 

103requests transmission of both parts 2716, 2718 of the file 2710. In response, server 

10 1614 retrieves the requested parts 2716,. 2718 from the files 1615 or the content data­

base 102 (depending on where the parts 2716, 2718 have been stored), and transmits 

both the parts 2716, 2718 of the file 2710 to the jukebox 103, which receives 2726 them. 

Alternatively., if the files 2710 are stored unsplit, server 1614 retrieves the file 2710 to 

be sent, splits the requested file according to techniques described above, and then 

15 transmits the parts 2716, 2718 to the jukebox 103, which receives 2726 them. 

[0032] Upon receiving 2726 parts 2716., 2718, in one embodiment the juke-

box 103 stores 2732 the second part 2718 locally, so as to avoid the need to retransmit 

the second part 2718 if it is needed in the future. The jukebox 103 combines 2728 both 

parts 2716, 2718, and plays back 2730 the recombined program file 2710. This recep-

20 tion 2726., combination 2728, and playback 2730 may all take place concurrently, for 

example according to a streamed transmission methodology. In one embodiment, as 

the bits arrive at the jukebox 103., they are combined 2728 and played back 2730; the 

jukebox 103 need not wait until the entirety of the parts 2716, 2718 are received 2726 

before combining 2728 and playing them back 2730. In one embodiment, the recom-

25 bined file 2710 and the first part 2716 are discarded 2731 after or during playback 

Since the cached second part 2718 represents only a portion of the program file 2710 

and in one embodiment cannot be decoded or played back on its own, the invention 

prevents users from retaining an unauthorized playable copy of the program file 

2710. u"ltimate control over the user's playback of the program file 2710 thus remains 

30 with the server 1614, since the stored second part 2718 cannot be used to play back of 

the file 2710 until the server 1614 retransmits the first part 2716. 
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[0033] If the second part 2718 has been received and stored locally in a 

prior session, jukebox 103 requests transmission of only the first part 2716 of the file 

2710. In response, server 1614 retrieves the requested first part 2716 from the files 

1615 or the content database 102, and transmits the first part 2716 to the jukebox 103, 

5 which receives 2734 it. Alternatively, if the files 2710 are stored ID1Split, server 1614 

retrieves the file 2710 to be sent, splits the requested file according to techniques de­

scribed above, and then transmits the first part 2716 of the file 2710 to the jukebox 103, 

which receives 2734 it. The jukebox 103 retrieves 2736 the second part 2718 from local 

storage and combines 2738 the first and second parts 2716, 2718 to reconstruct the file 

10 2710. The jukebox 103 plays back 2740 the reconstrncted program file 2710. In one 

embodiment, as the bits arrive at the jukebox 103, they are combined 2738 with the 

stored second part 2718 to form a representation of the program file and played back 

2740; the jukebox 103 need not wait until the entirety of the first part 2716 is received 

2734 before combining and playing back the program. In other words, playback 2740 

15 may take place while the first part 2716 is being streamed. As described above, in one 

embodiment, the recombined file 2710 and the first part 2716 are discarded 2731 after 

or during playback. 

[0034] As can be seen from the description above., it is not necessary to 

transmit the second part 2718 more than once. The second part 2718 can be stored lo-

20 cally after the first transmission, so that, in one embodiment, only the first part 2716 

need be transmitted for subsequent streaming playback of the program file 2710. 

Since in some embodiments the stored second part 2718 is substantially larger than 

the first part 2716, the present invention greatly reduces bandwidth requirements for 

streaming playback of the program file 2710. After the second part has been stored 

25 locally 2732, even clients with slow connections may effectively stream the program 

file 2710. Thus, from the user's perspective, the program file 2710 appears to be 

streamed in a manner equivalent to conventional streaming. 

[0035] In addition,. the described file splitting may provide advantages in 

licensing distribution of programs for playback by users. The file splitting benefits 

30 the licensor because the user does not receive a persistent usable copy of the program 

file, and the server retains control of playback of the program file 2710. This is advan-
10 

fuboTV Media Inc. 
Exhibit 1002 

Page 389



CA 02466482 2004-05-07 

WO 03/042783 PCT/US02/35903 

tageous because in contexts where blanket licensing or compulsory licensing is avail­

able for providing streamed data, in audio programming for example, a persistent 

copy would cannibalize revenues from future licensed streamed data downloads,, and 

lack of control would make collecting licensing revenues difficult. The file splitting 

s benefits users who do not want to wait while a large file is transmitted and received 

before accessing the program file. By splitting the file and storing part locally, trans­

mission of large and unwieldy amounts of data in real-time is unnecessary. The user 

has quick access to the program file, even if he or she is using a slow communication 

channel. 

10 (0036} The present invention thus improves efficiency in the transmission 

of program files such as audio or video files, and helps avoids bottlenecks associated 

with conventional streaming techniques, while still providing control and security. 

[0037] Fig. 3D is a flow diagram illustrating a method of receiving and 

playing a previously split program file according to one embodiment of the present 

15 invention, so as to provide improved streaming performance from a user's perspec­

tive,. even if adequate bandwidth to stream the entire file 2710 is not available, 

through advance downloading of the second section 2718. For example, the second 

section 2718 may be transmitted in advance of the actual playback of an audio or 

video program in a first session, thus avoiding potential bottlenecks that may result 

20 when the entire program file 2710 is transmitted upon user demand according to 

streamed techniques. Advance transmission can be performed at off-peak times,. thus 

avoiding bandwidth bottlenecks. This advance transmission can occur when the user 

is not actually listening to music, so as to facilitate improved usage of an otherwise 

idle network connection. 

25 [0038] The jukebox 103 determines 2742 which program files are likely to 

be requested by a user,, so that at idle times it can transfer data that is likely to be use­

ful in the future. Such determination may be made, for example, by using the learned 

artist relationships described in U.S. Patent Application Serial Number 09 /846,823, 

filed on April 30, 2001, Patent No. X,XXX,XXX, in order to "guess" which tracks the 

30 user is most likely to request in the future. Alternative methods of determination 

may also be used. In some embodiments, the files the user will likely want may be 
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known, such as when the user listens to a personalized radio station, or tends to listen 

to a particular online radio station. Such radio stations often have a list of the files 

that will be streamed later. Thus, this list can be used to determine 2742 what files 

will be required. 

5 [0039] After the jukebox 103 determines 2742 what files will likely be re-

quired, the jukebox 103 requests the second parts 2718 of the files at a time when the 

connection is idle, or when sufficient bandwidth exists to transmit files. The authori­

zation and content server 1614 then transmits 2744 the requested second parts 2718 to 

the jukebox 103. The jukebox 103 locally stores 2746 the second parts 2718 to the files. 

IO At a later time, when a user requests that a program file 2710 be streamed, the juke­

box 103 requests the first part 2716 of the program file 2710, as described above. In 

response,. authorization and content server 1614 transmits 2748 the first part 2716. 

The jukebox 103 combines 2750 the received first part 2716 with the stored second 

part 2718 to form a representation of the file 2710 and plays back 2752 the representa-

15 tion of the file 2710. Such a technique permits higher-quality playback than would 

otherwise be available, by pre-transmitting a significant portion of the data needed 

for playing back the media progxam. As described above, in one embodiment, the 

recombined file 2710 and the first part 2716 are discarded 2754 after or during play­

back. 

20 [0040] In one alternative embodiment, instead of transmitting 2744 the 

second parts 2718 over a network, the second parts 2718 may be stored on physical 

media (such as a compact disc or floppy disk). That physical media is then physically 

sent to the location of the jukebox 103,. where it can act as a local storage device, or the 

second parts 2718 may be transferred from the physical media to desired local stor-

25 age. Thus, even for slow network connections, or for very large files, the user may 

enjoy a streaming experience,. while the server retains control of the program file. 

[0041] In another embodiment, the file is further split according to cir-

cumstances surrounding its transmission. The stream delivery system 150 begins to 

transmit all or part of the progxam file, such as an audio file, to the jukebox 103. 

30 Vvhen the program file, or part of the program file is partially transmitted, transmis­

sion is stopped. This stop can occur because of a disconnection between the stream 
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delivery system 150 and the jukebox 103, because a user wishes to stop transmission 

and use the bandwidth for other purposes (such as when skipping to the next 

streamed song in a personalized radio station)✓ or other reasons. The partially trans­

mitted section of the program file or part of the program file is stored locally. Then, 

5 at a later time, the rest of the program file or part of the program file is transmitted 

and combined with the stored part. Such a process is more efficient than starting to 

transmit the entire program file or part of the program file from the beginning if it 

was not completely transmitted in a prior session. 

[0042] In one embodiment, the size of the transmitted information is used 

10 to determine whether the entire file or section has been transmitted, and if not, what 

further information must be transmitted. At the beginning of transmission, the 

stream delivery system 150 sends information to the jukebox 103 indicating the size of 

the file and parts to be transmitted. This information may be sent to the jukebox 103 

in other ways as well, as part of a sequence listing, for example. The jukebox 103 can 

1s then use the received size of the file in conjunction with the stored file size to deter­

mine what remaining information is needed from the stream delivery system 150. 

Other methods to identify what further information is needed to complete a partially 

received file may also be used. 

[0043) For example, one embodiment splits a 1000 byte audio file into two 

20 parts, a first section 2716 of 50 bytes, and a second section 2718 of 950 bytes. The 

stream delivery system 150 transmits 800 bytes of the second section 2718 to the juke­

box 103. At this point, a user chooses to start transmission of another audio file., and 

end transmission of the first audio file. The transmitted 800 bytes of the second sec­

tion 2718 are stored locally. Thusf to allow the user to listen to the first audio file in 

25 its entirety, only the remaining 150 bytes of the second part 2718 need be transmitted 

to the jukebox. This subsequent transmission of the remaining 150 bytes may be done 

as needed, such as when a user begins to listen to the audio file again and the first 800 

bytes are taken from local storage, then the last 150 bytes are received from the stream 

delivery system. This transmission can also be performed in advance of the time the 

30 user wishes to listen to the audio file, such as a scheme where the jukebox 103 peri­

odically checks for partial file sections, such as partial second parts 2718, and auto-
13 
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matically request transmission of the rest of the second part 2718. The jukebox 103 

may identify partial file sections by comparing the total file size to the stored size, and 

then requesting only the missing information, or through other methods. 

[0044] In another alternative embodiment., instead of discarding the first 

s part 2716, the jukebox 103 encrypts the first part 2716 and stores the first part 2716 lo­

cally. This further reduces the amount of data that must be transmitted for program 

file 2710 playback. The server 1614 may still retain control over playback of the pro­

gram file 2710 by controlling when the jukebox 103 may decrypt the first part 2716, 

for recombination with the second part 2718 and playback of the program file 2710. 

10 The second part 2718 could also be encrypted in place of, or in addition to, the first 

part 2716. 

[0045] In yet another embodimentr transmitter 121 employs scalable cod-

ing to increase the quality of audio output despite limitations in channel capacity. 

Fig. 4A is a block diagram illustrating an example of a scalably-coded program file, 

15 including data stored in two sections 2804, 2806 that together form a program file 

2802. Primary set of data 2804 is sufficient to play back the program file 2802 at a low 

quality level Secondary set of data 2806 may be added to the primary set 2804 for 

higher-quality playback. The sets of data 2804, 2806 may be stored separately in the 

content database 102 or with the signal files 1615, or may be stored in a combined 

20 state, to be separated and transmitted as needed. 

[0046] Fig. 4B is a block diagram illustrating the use and combination of 

primary data 2804 and secondary data 2806 to provide different playback quality lev­

els. As mentioned above, the primary data 2804 is sufficient to play back the program 

file 2802 at a low quality level 2808. In one embodiment., the secondary data 2806 

25 alone does not provide information sufficient for playback 2810 of the program file 

2802. However, when the secondary data 2806 is combined 2812 with the primary 

data 2804, the combined data 2812 is sufficient to play back the program file 2802 at a 

high quality level 2814. For example, if the program file 2802 is an audio file, low­

quality audio can be produced using the primary data 2804. Audio cannot be pro-

30 duced with secondary information 2806 alone. If secondary information 2806 is com­

bined with the primary information 2804, output quality is enhanced. In one ero-
14 
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bodim.ent, additional levels of information may also be provided, each of which can 

be combined with the lower levels to further enhance output quality. This allows 

caching of lower-quality audio received in a first session and later receiving secon­

dary information 2806 in a second session, which enables the jukebox 103 to combine 

s the primary and secondary information to output audio of increased quality. 

[0047] Since different sets of data are available that successively improve 

program file 2802 quality level, the quality of the output by the jukebox 103 depends 

on how much data can be transmitted in the time available. The first time an audio 

track is transmitted, transmitter 121 provides jukebox 103 with the primary informa-

10 tion 2804 first, which allows the jukebox 103 to playback a representation of the pro­

gram file 2802. Secondary 2806 (and additional) information is transmitted to allow 

improved quality levels as time permits. Jukebox 103 outputs the audio track with 

whatever level of information it has received at the time output is to commence. If 

only pr:imary information 2804 has been received, jukebox 103 outputs lower-quality 

1s audio. If secondary information 2806 has also been received, it is combined with the 

primary information 2804 and jukebox 103 outputs higher-quality audio. 

[0048] In addition, jukebox 103, in one embodiment, caches the received 

information. If the same audio track is requested at a later time, transmitter 121 pro­

vides jukebox 103 with the next level of information. Therefore, even if jukebox 103 

20 was unable to provide higher-quality audio during the first listening, it may be able 

to provide higher-quality audio during subsequent listenings, by combining secon­

dary (and/ or additional) information with the previously cached primary informa­

tion to generate the higher-quality audio output. Such a technique facilitates the out­

put of high quality audio even when network transmission capacities are limited. 

25 [0049] Referring now to Fig. 4C, there is shown an example of a transfer 

sequence for a channel with moderate bandwidth. Initially, tracks A and B are re­

quested. Primary information for track A 2820 is do-wnloaded. As primary informa­

tion 2820 is downloaded, a low-quality representation of track A 2828 is played., ac­

cording to conventional streaming audio techniques. Downloaded primary informa-

30 tion 2820 is cached. 
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[0050] Once the download of primary information for track A 2820 is 

complete, jukebox 103 begins to download primary information for track B 2822. This 

download may begin even though track A is still playing 2828. In the example shown 

in Fig. 4C, the dovmload of primary information for track B 2822 is completed while 

5 track A is still playing 2828. Therefore, jukebox 103 begins to download secondary 

information for track B 2824. Then, when playback 2828 of track A is finished, juke­

box 103 is able to output a high quality representation of track B 2830, by combining 

secondary information 2824 with previously downloaded primary information 2822. 

The output of the high quality version 2830 may take place while secondary informa-

10 tion 2824 is still being downloaded, again using streaming techniques. 

[0051] In the example of Fig. 4C, a request to play track A a second time is 

received. Therefore, once secondary information 2824 has been downloaded, jukebox 

103 begins to download secondary information for track A 2826. Once the high qual­

ity version of track B 2830 is finished playing, jukebox 103 outputs a high quality rep-

15 resentation of track A 2832, by combining secondary information 2826 with previ­

ously downloaded primary information 2820. 

(0052] Referring now to Fig. 4D, there is shown another example of a 

transfer sequence for a channel with a lower bandwidth. than that of Fig. 4C. Here, 

the secondary information for track B 2824 is not downloaded, because it would not 

20 arrive in time to improve the output of track B. Accordingly, a lower quality version 

of track B 2834 is output in lieu of the higher quality version 2830 of Fig. 4C. How­

ever, the higher quality version of track A 2832 can still be presented, since there is 

sufficient time to download secondary information for track A 2826 before the second 

playback of track A commences. 

25 (0053] One skilled in the art will recognize that the tracks depicted in 

Figs. 4C and 4D may refer to individual songs, or song segments, or any other unit of 

information. One skilled in the art will further recognize that the scalable coding 

techniques described herein may be applied to video data, or to any other type of 

data, and are not limited to audio data. 

30 [0054] The scalable coding techniques of the present :invention thus facili-

tate the trading off of quality in bandwidth-limited sihlations, with.out requiring 
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complex bandwidth estimation and determination. If insufficient bandwidth exists 

for the delivery of higher-quality versions, the system simply continues playing lower 

quality versions of tracks. No skipping, paus:ing, or other interruption of the audio 

stream is necessary. Jukebox 103 can determine whether to continue any particular 

5 transfer to improve the available quality or to download the next requested track, 

based on upcoming track selections. At any given moment, the next data segment to 

request can be determined by requesting the highest priority data segment from the 

next few audio segments. In one embodiment, priorities are defined to either play 

audio at a maximum short-term quality level or at a consistent quality level 

10 [0055] In one embodiment, jukebox 103 requests data for downloading 

according to the following order of priorities: 

Priority Type of value 

1 Primary :information, next track 

2 Secondary information, next track 

3 Primary information, track after next 

4 Secondary information, track after next 

5 Tertiary information, next track 

6 Tertiary :information, track after next 

7 Data for subsequent tracks 

[0056] One skilled in the art will recognize that any desired priority list 

may be provided. For example, if item 5 in this table is moved up to the third rank,. 

15 the system will give more priority to high quality presentation at the possible expense 

of inconsistent quality on lower bandwidth connections. 

[0057] In one embodiment,. locally-cached downloaded data is stored in 

an encrypted or otherwise protected form, so as to prevent its abuse and to inhibit 

copyright infringement. In another embodiment, primary information is stored in an 

20 encrypted or otherwise protected form, but secondary and subsequent information is 

not, since the secondary and subsequent :information is unusable without access to 

the primary information. 
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[0058] In one embodiment, jukebox 103 downloads data sets when the 

user is not actually listening to music, so as to facilitate improved usage of an other­

wise idle nehvork connection. Jukebox 103 determines which items are likely to be 

requested by a user, so that at idle times it can transfer data that is likely to be useful 

s for rendering audio segments in the future. Such determination may be made in the 

same way as described above with respect to the split files of Fig. 3D. In one em­

bodiment, secondary information 2806 for such , .. predicted" audio segments is 

duwnloaded first, so that encryption is not required unless and until the user actually 

requests the tracks and the primary information 2804 is to be downloaded. Scalable 

10 coding may also be used to process a signal of a conventional broadcast radio station 

that plays music. An audio recognition device, as is conventional., pre-processes the 

signal in order to identify individual songs. Those portions of audio information that 

are not music are compressed and stored, and a transfer sequence is sent to jukebox 

103 that references these recently encoded non-music segments as well as previously 

15 known and cached musical segments. The recently encoded segments can be en­

coded at a lower quality level in order to allow a jukebox 103 connected by a low 

speed line to transfer the recently encoded segments in real-time while still playing 

the cached musical segments at a higher quality level. 

[0059] As with file splitting, portions of scalably coded files may also be 

20 sent on physical media rather than transmitted over a network. Similarly, if sections 

of scalably coded information are only partially transmitted, they may be stored lo­

cally, and then only the information not previously received is transmitted in a sub­

sequent session. 

[0060] File splitting and scalable coding may also be used in combination. 

25 Fig. SA is a block diagram illustrating how a program file 2902 may be divided into 

primary data 2904 and secondary data 2906, and the primary data 2904 file split :into a 

first part 2908 and a second part 2910. The primary data 2904 is split as described 

above with respect to Figs. 3A and 3B. This allows almost all of the primary data 2904 

and secondary data 2906 to be cached locally without requiring encryption. Since,. in 

30 one embodiment, the second part 2910 of the primary data 2904 is not playable with­

out the first part 2908,. and the secondary data 2906 is not playable without a playable 
18 
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set of primary data 2904, all of the program file 2902 except the first part 2908 of the 

primary data 2904 may be cached locally without providing the user with a usable 

copy of the program file 2902 that may be played back. This allows the server 1614 to 

retain control of playback of the program file 2902,. as long as the first part 2908 of the 

5 primary data 2904 is not stored locally in a usable form. 

[0061] Fig. 5B is a block diagram that illustrates how such a scheme pro-

vides advantages for streaming program files 2902. First, the first and second parts 

2908, 2910 of the primary data 2904 are transmitted 2912 to the client by the server 

1614. The first and second parts 2908, 2910 maybe transmitted at roughly the same 

10 time in response to the jukebox 103 requesting the program file 2902. Alternatively, 

the second part 2910 may be transmitted in advance, after determination of what files 

2902 are likely to be desired, as described above with respect to Fig. 3D. In an em­

bodiment wherein the second part 2910 is transmitted in advance, the first part 2908 

is transmitted in response to the jukebox 103 requesting the program file 2902. The 

15 first and second parts 2908., 2910 are sufficient to provide low quality playback 2914. 

The second part 2910 is then stored 2916 locally, and the first part 2908 is discarded. 

At a later time, such as when the jukebox 103 requests the program file 2902 again, 

the server 1614 transmits 2918 the first part of the primary data 2908 and the secon­

dary data 2906. This allows sufficient information for the program file 2902 to be 

20 played back at a high quality level 2920. The secondary data 2906 is stored locally 

2922, and the first part 2908 of the primary data 2904 is discarded. For subsequent 

playback of the program file 2902, only the first part 2908 of the primary data 2904 

need be transmitted 2924 in order to enable high quality level playback 2920. Again, 

after such playback, the first part 2908 of the primary data 2904 is discarded, so that 

25 the server may retain control of program file 2902 playback. As an alternative to dis­

carding the first part 2908, the first part 2908 may be encrypted, with decryption only 

occurring under the server's 1614 control. 

[0062] Thus, a significant portion of the program file 2902 may be stored 

locally, with only the relatively small first part 2908 being transmitted from the server 

30 1614 to provide the user with streaming file performance. This allows high quality 

streaming performance even over a relatively narrow bandwidth connection. 
19 
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[0063] As described above,. when scalable coding or file splitting is used, 

the jukebox 103 plays back a representation of the program. file. This representation 

may be an exact digital replica of the program file., such as when the program file is 

split, all parts are transmitted to the jukebox 103., and the entire file is combined for 

5 play back. The representation may also be a less than exact replica, such as when only 

some portions of a scalably coded program file are combined and played back. 

Recommendation Engine 

[0064] One method of determining in advance what program files a user 

may want streamed is through use of a recommendation engine., described more fully 

10 in U.S. Patent Application Serial Number 09 /846,823, filed on April 30, 2001, Patent 

No. X,XXX,XXX. Note that there are also many other ways to determine what pro­

gram files a user may want streamed in advance. Referring now to Fig. 2, the jukebox 

103 or personalized radio station accepts a user's selections of music tracks and makes 

additional recommendations as to music tracks the user is likely to enjoy. The user is 

15 able to search for particular tracks and/ or artists,. and to control the playback of se­

lected tracks. The system monitors the user's behavior with regard to searching, lis­

tening, and playback control, and generates and analyzes logs of such behavior in or­

der to refine recommendations. Advertising, offers, and other information may be 

selected and presented to the user based on observations of user behavior and analy-

20 sis as to which material may be of interest to the user. 

[0065] Compressed signal files 1615 contain descriptions of music tracks, 

and in one embodiment contains digitized representations of the music tracks them­

selves. Compressed signal files 1615 are stored,. for example., using conventional da­

tabase storage means or in a conventional file system, and in one embodiment include 

25 several fields providing descriptive information regarding music tracks, such as title., 

album, artist., type of music, track length, year, record labet and the like. 

[0066] Selected tracks are played via jukebox 103, which is implemented 

in one embodiment as a standalone application, or as a plug-in or bundled feature in 

browser 105. Jukebox 103 receives digitized representations of music tracks and plays 

30 the tracks over a speaker or headphones at the user's computer. In one embodiinent, 
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jukebox 103 can download and save music tracks in local storage (such as a hard disk 

drive, memory, or other local storage) in a compressed format., such as MP3, for play­

back on the user's computer or on a portable digital music listening device. 

[0067] Recormnendation engine 107 generates track preferences based on 

5 user information. Radio sequence generator 1613 uses track preferences, along ,vith 

general constraints 1616 and format definitions 1611, to generate a sequence of tracks 

to be played. General constraints 1616 include particular rules and restrictions on the 

sequence of tracks, as may be required by law or as may be determined to be desir­

able for marketing or aesthetic purposes or for other reasons. Examples of constraints 

10 1616 include: "no more than one song per hour from a particular album/' or II do not 

play a fast song immediately after a slow song.,,. Radio sequence generator 1613 may 

also incorporate a randomization element, if desired, and may be configurable by a 

website operator. 

[0068] The track list is sent to jukebox 103 to be played to the user. A user 

15 activates jukebox 103 and selects music tracks for playback and/ or purchase, via a 

user interface including controls and selectors. Authorization and content server 1614 

checks that the appropriate security measures are in place (in order to prevent the 

user from .uhacking" jukebox 103 to request unauthorized tracks from content server 

1614), obtains the actual music tracks from files 1615r and provides them to jukebox 

20 103 for output. 

(0069] In one embodiment, the connections among the various elements 

of Figs. lA and 2 are implemented over the Internet, using known protocols such as 

HTTP and TCP /IP. Secure sockets layer (SSL) or other encryption techniques may be 

employed for added security. 

25 [0070] The recommendation engine may be employed in connection with 

conventional radio station programming techniquesr to implement an improved per­

sonalized radio station. As is known in the art, conventional radio stations typically 

divide a programming block into a number of segments. Each segment is assigned a 

programming category,. such as ""power hit," "nevv release,'' "recurrent hit/' and the 

30 like. For a particular programming block, music tracks are assigned to each of the 

segments based on the particular programming format of the radio station. Music 
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scheduling software, such as Selector® by RCS Sound Software, applies heuristic 

rules for repetition limits and classes of songs, to automatically generate track lists for 

use by radio stations. The recommendation engine may be combined with such exist­

ing radio station programming techniques, to populate the defined segments with 

s music tracks that are likely to appeal to a particular listener. Additional rules may be 

applied in generating track lists, so as to limit undesired repetition and to comply 

with limiting legislation (such as the Digital Millennium Copyright Act) and other 

restrictions. 

10 [0071] From the above description, it will be apparent that the invention 

disclosed herein provides a novel and advantageous system and method for provid­

ing a user with a streaming program file experience. The foregoing discussion dis­

closes and describes merely exemplary methods and embodiments of the present in­

vention. As will be understood by those familiar with the art, the invention may be 

15 embodied in other specific forms without departing from the spirit or essential char-

acteristics thereof. For exampler the invention may be applied to other domains and 

enviromnents, and may be employed in com1.ection with additional applications 

where personalized recommendations are desirable. Accordingly, the disclosure of 

the present invention is intended to be illustrative, but not limiting, of the scope of the 

20 invention, which is set forth in the following claims. 
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[0072] "What is claimed is: 

1. In a client connected to a network and including a local storage device, a 

computer-implemented method of receiving and playing a media file comprising at 

least a first part and a second part, comprising: 

receiving over the network and from a remote server in a first session the sec­

ond part of the media file; 

storing the second part at the local storage device; 

receiving over the network and from a remote server in a second session sub­

sequent to the first session the .first part of the media file and not the 

second part of the media file; 

combining the first part received in the second session with the stored second 

part after the start of the second session; and 

playing a representation of the media file at the local client after combining at 

least part of the first and second parts after the start of the second 

session. 

2. The computer-implemented method of claim 1., wherein the second part is 

not sufficient to properly play the representation of the media file back without being 

combined with the first part. 

3. The computer-implemented method of claim 2, wherein the received parts 

20 of the media file are encoded, and the second part may not be decoded without being 

combined with the first part. 

25 

4. The computer-implemented method of claim 1, wherein the representation 

of the media file may not be played back at the local client without authorization by a 

remote server. 

5. The computer-implemented method of claim 4, wherein authorization com­

prises the reception over the netvvork and from a remote server the first part of the 

media file. 
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6. The computer-implemented method of claim 1, wherein the neither the first 

part nor the second part may be used independently to recreate a recognizable fac­

simile of the content of the media file. 

7. The computer-implemented method of claim 1, wherein the media file is di­

s vided into a plurality of sections, each section comprising a plurality of bits, wherein 

the first part comprises a first subset of bits from each section, and the second part 

comprises the remaining bits from each section. 

8. The computer-implemented method of claim 1,, wherein the media file is di­

vided into a plurality of sections,. each section comprising a plurality of bits, wherein 

10 the first part comprises a first bit from each section, and the second part comprises the 

remaining bits from each section. 

15 

20 

9. The computer-implemented method of claim 7 or 8,. wherein one of the sec­

tions contains exactly X bits, and wherein each of the remaining sections contains ex­

actly Y bits, wherein X is less than or equal to Y. 

10. The computer implemented method of claim 9, wherein Y equals 20. 

11. The computer implemented method of claim 1, wherein the first part com­

prises headers,. compression table selectors and scale factors of the 

media file. 

12. The computer-implemented method of claim 1, further comprising: 

receiving over the network and from a remote server during the first session 

the first part of the media file; and 

playing the representation of the media file back at the local client during the 

first session. 

13. The computer-implemented method of claim 1 or 12, wherein the first part 

2s is not stored at the local storage device after the playing of the media file. 
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14. The computer-implemented method of claim 1 or 12, wherein the com­

bined first and second parts are not stored at the local storage device after the playing 

of the media file. 

15. The computer-implemented method of claim 1, wherein the played repre-

5 sentation of the media file is an exact digital copy of the media file. 

10 

16. The computer implemented method of claim 1,. wherein: 

the media file further comprises a third part; 

the first and second parts are combinable to form a representation of the media 

file at a first quality level; and 

the first, second, and third parts are combinable to form a representation of the 

media file at a second quality level higher than the first quality level. 

17. The computer implemented method of claim 16, further comprising: 

receiving over the network and from a remote server the third part of the me­

dia file; 

15 storing the third part at the local storage device; 

combining the received third part with the stored first part and the stored sec­

ond part to form the representation of the media file at the second 

quality level; and 

playing the representation of the media file after combining the first, secondr 

20 and third parts. 

18. The computer implemented method of claim 17,. wherein the third part is 

received over the network and from a remote server in a session other than the first 

session. 

19. The computer implemented method of claim 17~ wherein the third part 

25 and not the second part is received over the network and from a remote server in a 

session other than the first session. 
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20. The computer-implemented method of claim 17, wherein the first part is 

not stored at the local storage device after the playing of the media file. 

21. The computer-implemented method of claim 17, wherein the combined 

first, second,. and third parts are not stored at the local storage device after the playing 

5 of the representation of the media file. 

10 

15 

20 

25 

22. In a client connected to a network and including a local storage device, a 

computer-implemented method of receiving and playing a media file comprising at 

least a first part and a second part,. comprising: 

receiving over the network and from a remote server in a first session the first 

part of the media file, the first part of the media file a representation 

of the media file at a first quality level; 

receiving over the network and from a remote server the second part of the 

media file, wherein the first and second parts are combinable to form 

a representation of the media file at a second quality level higher 

than the first quality level; 

storing the second part at the local storage device; 

receiving over the network and from a remote server in a second session sub­

sequent to the first session the first part of the media file and not the 

second part of the media file; 

combining the received first part with the stored second part; and 

playing a representation of the media file at the local client. 

23. The computer-implemented method of claim 22., wherein the first part is 

not stored at the local storage device after the playing of the media 

file. 

24. The computer-implemented method of claim 22., wherein the representa­

tion of the media file is played after combinmg the first and second 

parts. 

26 
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25. The computer-implemented method of claim 22, wherein the representa­

tion of the media file is played in response to a command, and the 

representation of the media file is generated from at least the first 

part. 

26. The computer-implemented method of claim 25, wherein the representa­

tion of the media file is generated from the second part as well as the 

first part if both the first part and the second part have been received 

at the time of playback. 
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WO 2004/025405 PCT/US2003/028275 

VIDEO ON DEMAND SERVER SYSTEM AND METHOD 

TECHNICAL FIELD 

5 This invention relates to a technique for efficiently providing video on demand while 

10 

maintaining bandwidth constraints of a fixed channel. 

BACKGROUND ART 

Present day Video-on-Demand (VoD) systems typically transmit Constant Bit Rate 

(CBR) video. Transmitting CBR video does not achieve the same efficiency as transmitting 

variable bit rate (VBR) video for equivalent long-term average bit rates. Transmitting multiple 

pre-recorded VBR-encoded video programs over a constant bandwidth channel has problems 

since the sum of the instantaneous bitrates required by each program can sometimes exceed the 

15 total available bitrate. On the other hand, broadcast applications employing real-time encoders 

use statistical multiplexing to exploit the instantaneous bitrate variations between multiple 

programs being carried on the same carrier or transponder. The encoders operate in real time to 

enable the system to constrain the total combined bit rate for all programs so as not to exceed the 

channel capacity over a given time window. Each video program has an associated complexity 

20 measure. A central controller dynamically adjusts the bit rate allocated to each video program 

based upon the relative complexities. 

There now exist devices known as "video transraters" that operate to reduce the bit rate of 

video streams within a common compression standard, such as MPEG 2 for example. Present 

day transraters often experience difficulties when converting between constant and variable bit 

25 rates. Such transraters also can experience difficulties when trying to alter the bit rate for bit 

streams that have many scene changes, or a large number of I-Pictures. 

Scalable video encoding, which permits dividing a video signal into a base layer and one 

or more enhancement layers, can also address bit rate issues. Several methods of scalable video 

encoding exist, including spatial, SNR, temporal, data partitioning, fine grain scalability (FGS), 

30 frequency scalability. The MPEG-2 and MPEG-4 video compression standards include several 

scalability methods. Using scalable encoding requires both the transmitter and receiver have the 

same ability to implement different coding algorithms, thus introducing additional complexity. 
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Thus, there exists a need for a technique for managing variable bit rate video on demand 

that obviates the disadvantages of the prior art. 

BRIEF SUMMARY OF THE INVENTION 

Briefly, in accordance with present principles, there is provided a method for transmitting 

a plurality of pre-coded programs having different bit rates across a fixed bandwidth channel. 

For each program, at least two, and preferably, a plurality of different bit rate representations are 

generated. Control information is provided at each of a plurality of successive time windows for 

10 each bit rate representation. The control information provides a bit rate and a quality measure 

during each time window. The control information enables selection during each time window 

of a bit rate representation for each program to maximize the quality of the selected 

representations while not exceeding the total available channel capacity in that time window. 

15 BRIEF SUMMARY OF THE DRAWING 

FIGURE 1 depicts a block schematic of first preferred embodiment of a Video-on­

Demand server architecture in accordance with the present principles; 

FIGURE 2 depicts a block schematic of second preferred embodiment of a Video-on-

20 Demand server architecture in accordance with the present principles; and 

25 

FIGURE 3 depicts a block schematic of third preferred embodiment of a Video-on­

Demand server architecture in accordance with the present principles. 

DETAILED DESCRIPTION 

Before proceeding to describe the technique of the present principles, the following 

terminology will prove helpful: 

T is the time interval over which the system optimization is being contemplated 

30 C is the total channel capacity available in time frame T 

P is the total number of programs 

p e (0, P-1 ), is the index of a particular program 

N[p} is the total number of representations ofprogramp 
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n[p] e (0, N[p] -1) is the index of a particular representation of programp 

r[p, x] is the bit rate of representation x of program p during T 

q[p, x] is the quality of representation x of program p during T 

FIGURE 1 depicts a first preferred embodiment of a Video-on-Demand server 

architecture 10 in accordance with the present principles for transmitting pre-encoded CBR 

and/or VBR audio/video programs over a fixed bandwidth channel 11 having a total channel 

capacity, C. The server architecture 10 includes a plurality of multirate stream generators 120, 

121 ... l2p_1, where Pis an integer greater than zero corresponding to the number of separate input 

10 streams. The stream rate generators 120-12P-J each pre-code a corresponding one of the programs 

Program 0, Program 1 ... Program P-1 at a plurality of different bit rates. Stated another way, 

each multirate stream generator pre-codes the corresponding program to yield at least two or 

more different bit rate representations. A representation can include a particular stored encoded 

bit stream, or a combination of various portions of different encoded bit streams. A storage 

15 device 14, typically in the form of a single disc drive, a Redundant Array of Inexpensive Discs 

(RAID), or a plurality of RAIDs, serves to store the pre-coded representations generated by the 

multirate stream generators 120-l2p_1 • 

Each of the multirate stream generators 120- l2p_1 generates control information for each 

time window T of for the corresponding one of Programs O to P-1, respectively. The control 

20 information for each time window T for each representation of each program includes an 

indication of the bit rate of that representation and a quality measure, such as the peak signal-to­

noise ratio (PSNR) of the representation. A central statistical multiplexer ("stat mux") 16 

receives the control information for each representation. At each successive time window T, the 

stat mux 16 selects a representation for each program to maximize the quality of the transmitted 

25 programs while maintaining the total bit rate at or below the total capacity C of the channel 11. 

The lowest bit rate representation for each program should not exceed a prescribed value 

such that the sum of the lowest bit rates for all programs will not exceed the channel capacity for 

each interval T. In this way, at least one representation of each program can undergo 

transmission over the channel 11. Requiring the lowest bit rate representation for each program 

30 to have a peak bit rate of C/P or less can achieve this constraint. Other methods exist that meet 

P-l 

the constraint L r[p,O] ::; C for all time windows T of all programs. Typically, advance 
p=D 

knowledge does not exist as to when playback of particular programs will commence. Therefore, 
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enforcing capacity restraints becomes easiest by requiring that the bit rate limit of the lowest bit 

rate representation be the same for all time windows T of a particular program. 

The process for the maximization of the overall combined quality can occur in several 

0 P-1 

different ways. In all cases, the constraint L r[p, n[p]] ~ C must remain met for all time 
p=O 

5 windows T of all programs. A minimax approach can satisfy the constraint by choosing n[p J for 

each p e (0, P-1) to maximize the quality of the minimum quality program (i.e., minimizing the 

maximum distortion.) 

The minimax approach can be implemented by sorting the control information for each 

representation of each program so that the quality and bit rate index increases monotonically 

10 increasing with the index. The change in bit rate for each step (referred to as the "delta (~)"bit 

rate) is then stored. The stat mux 16 begins with the lowest index for each program 

r~presentation and computes the total capacity S. The stat mux 16 the selects the program 

representation anhe lowest quality and checks if adding its delta bit rate to S exceeds C. If the 

addition of the representation does not exceed C, the index for that representation is incremented, 

15 and process is repeated. Once C is exceeded, the representation with the next to lowest quality is 

checked to see if adding its delta bit rate to S exceeds C. The process is repeated until no 

increment in any representation can be made without exceeding the channel capacity C. 

Alternatively, the total quality of all programs could be optimized by maximizing the sum of the 

individual program qualities which involves solving the following constrained optimization 

20 problem: 

P-1 P-1 

max :I,q[p,n[p]]; subject to :I,r[p,n[p]] ~ C 
n[.] p=O p=O 

It is also possible to optimize the product of the individual program qualities in the following 

manner: 

P-1 P-1 

max fI q[p,n[p]]; subject to :I,r[p,n[p]] ~ C 
n[.] p=O p=O 

25 A weighted average can also be used, in order to provide different classes of service for different 

viewers. 

The multirate stream generators 120-l2p_1 can use several different methods, or a 

combination of methods to form multiple representations of each program. In all cases, a random 

access point, such as an intra-coded (I) frame should occur at the beginning of each time window 

30 T, for each representation, so that for each time window Ta different representation can be 
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chosen without causing drift. Each representation can use either CBR or VBR coding as long as 

the capacity of the lowest bit rate representation meets the total channel capacity constraint. 

In a first method, a multirate video encoder encodes each program at' several different bit 

rates into several independent bit streams. Each different bit rate bit stream serves as a different 

5 representation. FIGURE 2 depicts an architecture 100 for carrying out this method. As seen in 

FIG. 2, a multirate video encoder 110 serves to encode a corresponding program to yield a 

plurality of different rate representations. A separate one of transport packetizers 1120, 

1122 ... 112P-J each packetizes a corresponding representation. The multirate encoding performed 

by the multirate encoder 110, and the packetization performed by the packetizers 112o-1 l2p_1 

10 occurs once, not necessarily in real time, prior to storage in a storage device 140 similar in 

construction to the storage device 14 of FIG. 1. 

Selection of the representations stored in storage device 140 for output in real time occurs 

in response to a signal received from a selector block 150. The selector block 150 identifies the 

stored representation for output in response to a request from the stat mux 160 for a particular 

15 representation. Upon receipt of the signal from the selector block 150, the storage device 140 

supplies the selected packetized representations to the stat mux 160 for output. 

In a second method, portions of the several different bit streams are combined to yield 

additional representations of a program. The presence of random access points at the same 

location in all bit streams of a program (as would naturally occur at scene changes) or the use of 

20 fixed group-of-pictures structures, permits the combination of compressed data from different bit 

rate streams at random access boundaries to form new representations. No need exists to store 

each representation independently, as long as the ability exists to generate each representation 

from the data that is stored. Consider the following example where T is one second, the data is 

coded at 30 fps, and I frames are inserted every 15 frames, yielding three different bit rate bit 

25 streams, designated as Bit stream 0, Bit stream 1, and Bit Stream 2, respectively. Each bit stream 

constitutes a separate representation. An additional representation can be formed which uses 

Bitstream 0 for the first 15 frames and Bitstream 1 for the second 15 frames, and so on. . 

Assuming alignment of the random access points with the transport packets, the server 

architecture 100 of FIG. 2 works well when the transport packetization occurs in advance. 

30 FIGURE 3 depicts a VoD server architecture 200 better suited when the random access points do 

not necessarily align with the transport packets. Referring to FIG. 3, VoD server architecture 200 

includes multirate video encoder 210 for generating a plurality of different bit rate 
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representations for storage in a storage device 240 similar to the storage devices 14 and 140. The 

representations stored in the storage device 140 exist as un-packetized bit streams. 

Selection of the representations stored in storage device 240 for output in real time occurs 

in response to a signai received from a selector block 250. The selector block 250, similar in 

5 nature to the selector block 150 of FIG. 2, identifies the stored representation for output in 

response to a request from a static mixer/multiplexer 260 for a particular representation. Upon 

receipt of the signal from the selector block 250, the storage device 240 supplies the selected 

packetized representations to the static mixer/multiplexer. A packetizer 212 packetizes the 

output stream of the static mixer/multiplexer 260 for output on the channel (not shown). 

10 Representations also can be formed by switching between stored bit streams for non-

reference pictures, such as for video codecs (not shown) that include pictures that are not used as 

reference pictures for predicting other pictures, such as MPEG-2 B frames or JVT non-stored 

pictures. Each non-reference picture can be selected from a different stored bitstream without 

affecting the quality of subsequently coded pictures, as the non-stored pictures are not used for 

15 prediction. Complete elimination of a non-reference picture in a representation can also occur. 

Each non-reference picture could be switched individually, or groups of non-reference pictures 

could be switched together, allowing for many possible total bit rate representations. The 

multirate stream signal generators 120-l2p_1 of FIG. 1 can choose to limit the number of possible 

representations to send to the stat mux 16 of FIG. 1 to choose those with significant differences 

20 in quality and bit rate. It is not necessary for each representation to be independently stored in 

storage, but a table listing the location and length of each coded frame can be stored to simplify 

generation of the representation when needed. It is also possible to store multiple bit rate bit 

streams only for the non-stored pictures and only store a single version of the reference (I and P) 

pictures, which can significantly reduce storage requirements. · 

25 With the VoD server architectures 100 and 200 of FIGS. 2 and 3, respectively, the stat 

mux 160 and the static mixer/multiplexer 260 generate a bit stream corresponding to the selected 

representation. If individual pictures are not transport packet aligned, the architecture 200 of 

FIG. accomplishes transport packetization after the generation of the bit stream for a particular 

representation. Otherwise, the VoD server architecture 100 of FIG. 2 FIG. 2 will work well. 

30 In accordance with another aspect of the present principles, scalable video coding can 

occur by the use of a scalable video encoder (not shown) to form a base layer and one or more 

enhancement layers. Any type of scalability that which employs the base layer for motion 

compensated reference picture prediction in order to avoid drift can be used, such as frequency 
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scalability, FGS, SNR scalability or temporal scalability. The lowest bit rate representation 

corresponds to the base layer. The peak bit rate of the base layer must be such that when the bit 

rates of all programs' base layers are summed, the channel capacity C is not'exceeded for each 

time window T: Other higher bit rate representations will correspond to the base layer plus some 

5 portion of the enhancement layer. This approach requires that the video decoder support the type 

of scalability used. The VoD server architecture 100 of FIG. 2 is used upon inclusion of an entire 

enhancement layer in a particular representation. The VoD server architecture 200 of FIG. 3 is 

used if portions of an enhancement layer are used in a representation. 

For systems which use encryption for contents right management, the VoD server 

10 architecture 100 of FIG. 2 does not require any decryption or encryption in real time, as 

encryption is added to the transport packetization process done in non-real time and entire 

encrypted transport packets are stored and transmitted. The VoD server architecture 200 of FIG. 

3 requires that encryption be performed along with transport packetization in real-time. 

VoD programs generally include both audio and video. As audio bit rates are generally 

15 significantly lower than video bit rates and are also generally at a fixed bit rate, there is less 

advantage to be gained by selecting from different pre-encoded audio bit streams by the stat mux 

16 and 160 of FIGS 1 and 2, and the static mixer/multiplexer 260 of FIG. 3. A user likely will 

find the switching of audio quality during the viewing of a single program disturbing. The total 

channel capacity C can be considered to be totally consumed by the video channel; assuming that 

20 a single bit rate audio stream is also sent for each program. Alternatively, the above-described 

methods can also be applied to audio, where multiple representations of audio programs with 

different bit rates and qualities can be generated. 

A video player (not shown) that works with the VoD server architectures of the present 

principles will contain a video decoder (not shown) and some storage for buffering. For the 

25 particular program being received, the data can arrive at a non-uniform data rate, but with the 

requirement that the data corresponding to time unit T will arrive any time within the T time 

window. The video player must have the capability of buffering and delaying for T. An upper 

limit on the maximum bit rate that can be transmitted for a given representation of a program for 

a time window T can be pre-determined to limit the decoder complexity and decoder buffer size. 

30 The decoding buffer is generally a requirement of a video decoder, e.g. MPEG-2 levels sets 

buffer size particular requirements, and the combination of T and the bitrate may be chosen to 

meet it. 
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Fast forward and fast reverse tracks for each program can also be stored at the VoD 

server. They can-be stored at a single bit rate, or at several different bit rates, and allowed to 

adapt as is done for the normal play program. 

Determination _of the time window T length is based on several factors. T should be as 

S large as possible to get the most statistical multiplexing gain, but small enough to constrain the 

delay at the video player for start-up and switching between normal play and trick play streams. 

T should be small enough to meet decoder requirements. 

The foregoing describes a system and method for efficient! y providing video on demand 

while maintaining bandwidth constraints of a fixed channel. 
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CLAIMS 

PCT/US2003/028275 

1. A method for transmitting a plurality of pre-coded programs having different bit 

rates across a fixed bandwidth channel, comprising the steps of: 

generating at least two different bit rate representations of each program; 

providing control information at each of a plurality of successive time windows T for 

each representation of each program, the control information for each successive window 

indicating a bit rate and quality measure for a representation of a corresponding program; and 

during each time window T, selecting a representation for each program such to 

maximize the quality of the selected representations while not exceeding a total available 

capacity for the channel. 

2. The method according to claim 1 wherein the step of generating at least two 

different bit rates representation further comprises the step of generating for each program a 

lowest bit rate representation having a peak bit rate not greater than C/P where C is the total 

channel capacity in time T and P is the total number of programs. 

3. The method according to claim 1 wherein the step of providing the control 

information further comprises the step of establishing the peak signal-to-noise ratio (PSNR) as 

the quality measure embodied in the control information. 

4. The method according to claim 1 wherein the selecting step further comprises the 

2 step of selecting a representation for each program which meets the constraint 

P-1 

3 I,.r[p,n[p]] :s; Cfor all time windows wherein: 
p=O 

4 C is the total channel capacity available in time frame T; 

5 P is the total number of programs; 

6 p e (0, P-1), is the index of a particular program; 

1 N[p J is the total number of representations of program p; 

8 n[p J e (0, N[p] -1) is the index of a particular representation of program p; and 

9 r{p, x] is the bit rate of representation x of program p during T 
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1 5. The method according to claim 4 further comprising the step of cho?sing each 

2 program's representation n[p] E (0, N[P]-1) to maximize the quality of the program p that had 

3 the minimum quality. 

1 6. · The method according to claim 5 further comprising the steps of: 

2 (a) sorting the quality information for with the bit rate and quality measure monotonically 

. 3 increasing with an index value; 

4 (b) storing each bit rate increment (delta) and quality value for each index value;. 

5 · (c) beginning with a lowest index value, computing total capacity S for program 

6 representations selected thus far for such index value; 

7 (d) selecting a program representation at a lowest quality measure; 

8 (e) checking whether the bit rate increment of the selected program at the lowest quality, 

9 when added to the representations selected thus far, exceeds total channel capacity, and if not 

10 (f) incrementing the index value; and 

11 (g) repeating steps (c)-(f). 

1 7. The method according to claim 1 wherein the selecting step further comprises the 

2 step of selecting the representation for each program such to maximize a sum of individual 

. P-1 P-1 

3 program qualities by solving max Lq[p,n[p]]; subject to Lr[p, n[p]] ~ C 
n[.] p=O p=O 

4 wherein, 

5 C is the total channel capacity available in time frame T; 

6 Pis the total number of programs; 

7 p E (0, P-1), is the index of a particular program; 

8 N[p] is the total number of representations of program p; 

9 n[p J E (0, N[p] -1) is the index of a particular representation of program p; 

10 r[p, x] is the bit rate of representation x of program p during T; and 

11 q[p, x] is the quality of representation x of program p during T. 

1 8. The method according to claim 1 wherein the selecting step further comprises the 

2 step of selecting the representation for each program such to maximize a product of individual 

3 program qualities by solving 
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P-1 P-1 

4 max IT q[p,n[p]]; subject to Lr[p,n[p]] ~ C 
n[.] p=O p=O 

5 where, 

6 C is the total channel capacity available in time frame T; 

1 P is the total number of programs; 

8 p e (0, P-1), is the index of a particular program; 

9 N[p] is the total number of representations of pro gram p; 

10 n[p] e (0, N[p]-1) is the index of a particular representation ofprogramp; 

11 r[p, x] is the bit rate of representation x of program p during T; and 

12 q[p, x] is the quality of representationx ofprogramp during T. 

1 

2 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

9. The method according to claim 8 further comprising the step of applying a 

weighted average to provide different classes of service for different viewers. 

10. A system for transmitting a plurality of pre-coded programs having different bit 

rates across a fixed bandwidth channel, comprising the steps of: 

means for generating at least two different bit rate representations of each program; 

means providing control information at each of a plurality of successive time windows T 

for each representation of each program, the control information for each successive window 

indicating a bit rate and quality measure for a representation of a corresponding program; and 

means for selecting during each time window T a representation for each program such to 

maximize the quality of the selected representations while not exceeding a total available 

capacity for the channel. 

11. The system according to claim 10 wherein the generating means and control 

2 information providing means collectively comprise: 

3 a plurality of multirate stream generators, each associated with a corresponding one of the 

4 plurality of pre-coded programs. 

1 12. The system according to claim 10 wherein the generating means and control 

2 information providing means collectively comprise: 

3 a multirate video encoder for e·ncoding at least two bit rate representations of each pre-

4 coded program. 
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1 13. The system according to claim 10 wherein the generating means and control 

2 information providing means collectively comprise: 

3 a multirate video encoder for encoding at least two bit rate representations of each pre-

4 coded program; and 

5 a plurality or' transport packetizers, each serving to packetize the bit rate presentations for 

6 each pre-coded program. 

1 14. The system according to claim 10 wherein the selecting means includes a static 

2 multiplexer. 

1 15. The system according to claim 12 wherein the selecting means comprises: 

2 a static multiplexer; and 

3 a transport packetizer for packetizing the selecting representation. 

1 16. The system according to claim 10 wherein the selecting means generates for each 

2 program a lowest bit rate representation having a peak bit rate not greater than C/P where C is the 

3 total channel capacity in time T and P is the total number of programs. 

1 17. The system according to claim 10 wherein control information providing means 

2 establishes quality measure in accordance with a peak signal-to-noise ratio (PSNR). 

1 18. The system according to claim 10 wherein the selecting means selects a 

P-1 

2 representation for each program which meets the constraint L,r[p,n[p]] ~ Cfor all time 
p=O 

3 windows where: 

4 C is the total channel capacity available in time frame T; 

5 P is the total number of programs; 

6 p e (0, P-1), is the index of a particular program; 

7 N[p J is the total number of representations of program p; 

8 n[p J e (0, N[p J -1) is the index of a particular representation of program p; and 

9 r[p, x] is the bit rate of representation x of program p during T. 
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1 19. The system according to claim 18 wherein the selecting means chooses each 

2 program's representation nfp] e (0, N[P]-1) to maximize the quality of the program p that had 

3 the minimum quality. 
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20. The system according to claim 10 wherein the selecting means selects the 

representation for each program such to maximize a sum of individual program qualities by 

solving: 

P-1 P-1 

max _2,q[p,n[p]]; subject to I_r[p,n[p]]::;; C 
n[.] p=D p=D 

where, 

C is the total channel capacity available in time frame T; 

P is the total number of programs; 

p e (0, P-1), is the index of a particular program; 

N[p] is the total number of representations of program p; 

n[p] e (0, N[p] -1) is the index of a particular representation of program p; 

r[p, x] is the bit rate of representation x of program p during T; and 

q[p, x] is the quality of representation x of program p during T. 

21. The system according to claim 10 wherein the selecting means selects the 

representation for each program such to maximize a product of individual program qualities by 

solving: 

P-1 P-1 

max IT q[p,n[p]]; subject to I_r[p,n[p]]::;; C 
n[.] p=O p=O 

where, 

C is the total channel capacity available in time frame T; 

Pis the total number of programs; 

p e (0, P-1 ), is the index of a particular program; 

N[p] is the total number of representations of program p; 

n[p] E (0, N[p] -1) is the index of a particular representation of programp; 

r[p, x] is the bit rate of representation x of program p during T; and 

q[p, x] is the quality of representation x of program p during T. 
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1 22. The system according to claim 10 wherein a weighted average is applied to 

2 provide different classes of service for different viewers. 

1 
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ABSTRACT OF THE DISCLOSURE 

A Video-on-Demand Server architecture (100, 200, 300) transmits a plurality of pre­

coded programs having different bit rates across a fixed bandwidth channel (11). For each 

5 program, a generator (120-12P-J, 110, 210) generates a plurality of different bit rate 

representations for each program. Each generator also provides control information at each of a 

plurality of successive time windows T for each bit rate representation. The control information 

provides a bit rate and a quality measure during each time window T. The control information 

enables a statistical multiplexer (16, 160, 260) to select a bit rate representation for each program 

10 during each time window T to maximize the quality of the selected representations while not 

exceeding the total available channel capacity. 
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Description 

DEFINITION OF THE INVENTION 

5 [0001] The present invention is a processing apparatus which aims at controlling and guaranteeing the real-time per­
formance of data processing. The invention is based on the principle of collecting statistics of the algorithms used to 
process the data, on transmitting such statistics when necessary, and of associating a complexity information to such 
statistics. The real-time processing control can be done generating a processing time prediction signal which is a func­
tion of the complexity information, and use such prediction signal to provide processing resources which guarantee 

10 real-time processing or enables the definition of an associated degraded processing that guarantees real-time process­
ing. Although the described invention is of general application, this document describes its application to video coding 
and decoding and suggests the straightforward extensions to audio coding-decoding, and to composition and rendering 
of media objects. 

15 1. FIELD OF THE INVENTION 

[0002] The implementation of software based video/audio decoders is an advantageous solution over traditional ded­
icated hardware systems. The main reason of this fact is the possibility of decoding several different video/audio com­
pression standards, at different levels and profiles, by just changing the software while using the same hardware 

20 platform, main memory, and interfaces. Another favorable feature is the flexibility of the decoder able to cope with new 
developments and new tools included into future versions of the standards by just updating the decoding software. 
However, simultaneously guaranteeing real-time performance, needed when processing video/audio bit-streams, and 
an efficient use of the processing power, remains a very difficult task. 
[0003] The present invention reports the main reasons of such difficulties and presents a new technique able to pre-

25 diet the decoding time of compressed video/audio bit-streams without the need of the actual decoding. This can be 
obtained if appropriate statistical information about the actual encoding processing is included and transmitted with the 
compressed video/audio data. Moreover, the present invention reports how such results can be used to implement new 
efficient processing resource allocation strategies. New possible schemes of such intelligent interactions between the 
encoder and the real-time OS are also proposed. An example of implementation for the MPEG-4 VM6 video algorithm 

20 based on these developments is presented. This implementation enables, at the same time, to guarantee real time per­
formances even when the available processing resources are lower than the one theoretically necessary, and it yields 
optimal (minimal) image quality degradation. Such results are obtained by using the prediction of the decoding­
resource needs to implement Computational Graceful Degradation techniques. The invention only reports simulation 
results for the MPEG-4 VM6.1 video compression algorithm, but the techniques and concepts presented here are of 

35 general application. Indeed, these techniques can be easily applied to audio coding, synthetic audio reproduction and 
to any future or existing compression and composition method. More precisely, they can be used for any video com­
pression standard that is capable of transmitting in an appropriate form the statistical coding information (i.e. MPEG-1 
and MPEG-2 using an appropriate transport system), and they can be implemented in any processor-based platform. 
[0004] The present description is organized as follows. Section 2 discusses the problems and utility of defining and 

40 using worst case and average case complexities, justifying the need of complexity prediction. Section 3 presents the 
modeling of decoding complexity and the general principles of the prediction techniques. Section 4 presents the back­
ground of the invention. Section 5 summarizes the main concepts of the invention while section 6 summarizes the con­
tent of the diagrams and drawings illustrating the details and main characteristics of the invention. 
[0005] In section 7, experimental results of the MPEG-4 VM6 texture coding algorithm are reported. Section 8 

45 presents the definition of the proposed intelligent interactions between real-time OS-schedulers and video decoders. 

50 

Section 9 presents the basic principles and the definition of the developed Computational Graceful Degradation (CGD) 
techniques, and section 10 reports overall experimental results of the contrd of decoding complexity using complexity 
prediction joint with the application of COG techniques. Finally, section 11 concludes the description of the invention, 
summarizing the achievements of the invention by declaring the corresponding claims. 

2. WORST-CASE AND AVERAGE-CASE DECODING COMPLEXITY 

[0006] A simple solution to the problem of the variability of decoding complexity is to implement software/hardware 
solutions that always guarantee worst case complexity decoding. Such solutions are, in fact, the ones implicitly imple-

55 mented in most of the dedicated hardware decoders. Dedicated hardware platforms, in general, are designed to guar­
antee worst case complexity decoding. The various hardware modules implementing the different decoding procedures 
are synchronized with the inpuUoutput data rate. These dedicated hardware modules can always handle any input bit­
stream, not exceeding a maximum rate, and containing compressed sequences of appropriate maximum image reso-
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lutions. This can be always guaranteed, irrespectively from the coding options selected to produce the compressed bit­
stream. 

[0007] In contrast, in the case of programmable platforms it is necessary to define what is a worst case decoding com­
plexity. Let us consider video coding even if the same concept can be extended to natural and synthetic audio and to 

5 other form of multimedia processing. In the video compressing field one can assume that the worst case decoding com­
plexity is represented by the decoding of each bit/macroblock, using the coding options allowed by the considered 
standard that requires the highest decoding time. The coding algorithms/modes of H.263 can be approximately consid­
ered as a superset of the algorithms/modes of the various video compression standards (H.261, MPEG-1 and MPEG-
2). The complete results and details of this worst-case/average-case study are omitted here for brevity. The conclusions 

10 resulting from this analysis can be summarized as follows : 

1) Decoding functions can be divided into two classes. For one class a worst case can be easily defined. Let us 
denote this class as A. To this class belong function such as IDCT, inverse quantisation, motion compensated pre­
diction in its various form (forward, backward, bi-directional, overlapped .... ). For the other class denoted as dass 

15 B, complexity is extremely data dependent and cannot be easily characterized by the simple parameters of an 
hypothetical MPEG-2 like complexity profile. To this class belong operations such as VLD, VLC coding, Syntax­
based Arithmetic Coding (SAC) and in general all parsing operations. The difficulty of defining a worst case is evi­
dent considering for instance SAC for which the difference between a theoretical worst-case and experimental 
cases is about two orders of magnitude. 

20 2) A strict worst case complexity analysis, of both class A and B functions, leads to unrealistic results. In other 
words, the computational resources necessary to handle the strict worst-case complexity decoding is much higher 
than the resources used in average. 
3) For class A functions, the actual decoding complexity depends on the actual coding options and reports a large 
range of variability. 

25 4) For class B functions, the actual decoding complexity reports a dependence on coding options, but presents a 
reasonably narrow range of variability which is much lower than the range theoretical worst case-average case. 

[0008] Worst case analysis, therefore, is not adequate to define a useful decoding complexity reference. This fact is 
true not only for operations which are strongly data dependent (class B), but in general for all functions even those that 

30 have a very well defined worst case such as all class A functions. From these results it is clear that guaranteeing a worst 
case decoding implies guaranteeing the decoding of pathologically complex sequences that in practice have an 
extremely low probability of occurrence. Moreover, such a guarantee would imply the allocation of a processing power 
up to two orders of magnitude higher than the one actually needed for the decoding of the standard test sequences. 
The processor in practice would work in normal conditions exploiting only a small fraction of the theoretically available 

35 processing power. Such solution to the problem of guaranteeing real-time performance is not economical and, obvi­
ously, not useful in practical applications. 
[0009] Another possibility for the solution of the problem of guaranteeing real-time performance could be to consider 
as reference an average case decoding complexity. Before being able to successfully use such average complexity, a 
few questions need to be answered. Is it meaningful to define an average complexity? How can it be done? Is the aver-

40 age complexity sequence dependent? How can it be converted on different platforms? Can the average complexity 
accurately be described by parameters such as image resolution and bit-rate? Are average results characterized by suf­
ficiently narrow variance bounds so as they can be used a priori without the need of knowing some information about 
the actual complexity of the incoming sequence? 
[001 OJ One will here briefly summarize the main results and experiments that answer the mentioned questions. So as 

45 to try to define an average case for the complexity that have been considered in previously, the H.263 standard uses 
four typical test sequences over a wide bit-rate range from 16 kbit/sec up to 1024 kbit/sec. The sequences in CIF format 
are: Akiyo (300 frames), Coastguard (300 frames), Foreman (300 frames) and Mobile & Calendar (300 frames), and 
all these test sequences have been evaluated at fifteen different bit-rate values. Although a rigorous statistical analysis 
would have required a much higher number of sequences and specific statistical confidence tests, it is believed that the 

50 number of frames ( 1200) and the different contents of the test images are well representative of typical image sequence 
contents. One have considered separately the operations that have unrealistic worst case complexities (class B) from 
the one with a well-defined worst case behavior (class A). The experiments, for the class B operations, yield figures that 
are not strongly bit-rate dependent. Variance bounds for each frame are relatively narrow and these values do not 
report relevant variations depending on the test sequence. Such results confirm also the fact that it is not necessary to 

55 worry about strict worst case complexity. In the other case of class A, the complexity of the operations reports a rela­
tively regular statistical behavior at very low bit-rates ( < 16 kb/s), but complexity reports dependence on the bit-rate, on 
the image content and in particular on the used encoding options. 
[0011 J Figure 1 reports one example of H.263 complexity using different coding options for the same sequence (Akyio 
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CIF) and same bit-rate. On this figure, the decoding time or decoding complexity (expressed in µsec) is given versus 
the frame number for the sequence Akyio CIF encoded with H.263 at 128 Kb/sec using different coding options. Top 
curve options : advanced prediction modes (APM), syntax-based arithmetic coding and unrestricted motion vectors 
(UMV) ; middle curve options : APM and UMV ; bottom curve options : UMV. The same sequence presents, at the same 

5 bit-rate, average-decoding complexities that range up to a factor 4 (from about 0.05 to 0.2 sec per frame). Local fluctu­
ations for a relatively static sequence such as Akyio are also considerably large. The decoder is the Telenor H.263 soft­
ware release running on a Sun Ultrasparc platform. 

[0012] Figure 2 reports the same experiment for the sequence Coastguard. The range of the complexity figures con­
sidering both average and local values is very large as can be easily noticed. On this figure, decoding time or decoding 

10 complexity (expressed in msec) is given versus frame number for the sequence Coastguard encoded with H.263 at 128 
Kb/sec using different coding options. Top curve : advanced prediction modes (APM), syntactic arithmetic coding and 
unrestricted motion vectors (UMV) ; middle curve APM and UMV ; bottom curve : UMV. The same sequence at the 
same bit-rate has average decoding complexities that range within a factor 4 from about 0.05 to 0.2 sec per frame. The 
decoder is the Telenor H.263 software release on a Sun Ultrasparc platform. 

15 [0013] Although far from the theoretical worst case complexities, the variation range is less than one order of magni­
tude, experimental results reports behaviors for which it is difficult to be able to predict the average complexity values 
only relying on resolution and bit-rate. Image content and coding options (i.e. intra or inter prediction modes, advanced 
prediction modes, half pixel vector prediction and so on) play a fundamental role. As it will be reported in the next sec­
tions, the situation of the complexity variations for MPEG-4 sequences is much higher due to the presence of different 

20 sized VOPs arbitrarily shaped objects, of static and dynamic sprites, and the large variety of coding modes. 
[0014] From a pure mathematical point of view an average complexity value can always be defined considering a 
large data-base of encoded sequences and using the more probable occurrence of encoding options. Conversely, such 
a theoretical average value is not useful at all for the aim of the present invention that is the efficient scheduling of each 
decoding task and the efficient use of the available processing power. Even the local average values of the actual 

25 sequence often are not stationary, and their variations around the mathematical average one are so unpredictable that 
no useful scheduling policy can be realized. 
[0015] Therefore, the consequences of this study are that straightfoiward solutions to the problem of real-time 
resource allocation policy are of two kinds. The first is a sustained over-sizing of the processing resources. The second 
is to accept interruptions of the audio/video output stream when the needed decoding resources exceed the ones avail-

20 able on the system. Obviously, both are not desirable being respectively not efficient and economical, or they provide a 
quality of the services which may easily results perceptually unacceptable. 
[0016] The ideal solution would be to develop techniques that are able to accurately predict such unknown behaviors 
and, therefore, make feasible resource allocation policies that can guarantee real-time and minimize QoS degradation. 
[0017] The description of such techniques and the presentation of the results are the subjects of the next sections. 

35 [0018] As discussed above, the key issue for the implementation of any real-time application on a software-based 
platform is to be able to understand when the required decoding processing time exceeds the available processing time 
without the need of performing the actual decoding. This is particularly important, for instance, in MPEG-4 systems in 
which a number of bit-streams containing a variable number of VOPs and sprites need to be decoded respecting real­
time constraints, but it is also important for existing compression standards (MPEG-1, M PEG-2). The available process-

40 ing time is known, in general, because it is allocated by the OS-scheduler to each decoding process. The problem is 
how to estimate the necessary decoding processing requirements without the need of an actual decoding of each of 
the incoming VOP bit-streams. Decoding each bit-stream using a priori allocated processing could result in exceeding 
the time slot and, therefore, in missing real-time requirements. Real-time requirements are generally defined implicitly 
by the frame/sampling rate of video audio bit-streams or can be easily extracted by an appropriate relative time infor-

45 mation associated to each video frame or audio object (also denoted as time stamp). Such extraction of the real-time 
constraints is trivial and is not discussed here. The consequence of missing real-time constraints is the introduction of 
sudden interruptions on the video content. A complete analysis of the conditions which lead to miss real time-con­
straints for the various OS scheduling algorithm (pre-emptive multi-threading, etc.) is out of the scope of this document 
and it is not discussed here. The reader can refer to the included reference S. Battista, F. Gasperoni, B. Klaiber, M. Mat-

50 tavelli, L. Pautet, S. Tardieu, Concurrent over Sequential Modeling for MSDL, ISO/IEC JTC1/SC29/WG11, Doc. M1525, 
Maceio, Brazil, November 1996 incorporated herein by reference. 

3. BACKGROUND OF THE INVENTION 

55 [0019] Without any doubt, the recent trend in multimedia system implementation technology is towards moving from 
dedicated real-time hardware to software/processor based platforms. The processing power of the last on the market 
processors, and of the newly announced video/audio-processor families, enables the software implementation of 
video/audio decoding of various compression standards and different resolution levels. Unfortunately, simply relying on 
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the average processing power does not guarantee to respect real-time constraints of video/audio decoding ; further­
more it does not solve the problem of an efficient processing resource allocation. The fundamental reason of these facts 
is that the complexity of the video/audio decoding process is a fluctuating function of the time, as described in M. Mat­
tavelli and S. Brunetton, A statistical study of MPEG-4 VM texture decoding complexity, ISO/IEC JTC1/SC29/WG11, 

5 Doc. M924, Tampere Finland, July 1996 incorporated herein by reference. 

[0020] The term complexity here simply means the time needed by the decoding process. Other more abstract meas­
ures of complexity such as the amount and type of executed algorithmic elementary operations, the executed processor 
cycles, the amount of memory transfers to and from the external frame memories, and their combinations could be used 
as more precise and specific complexity measures. In the context of the present invention however, one is interested on 

10 the final results of these complexity factors. Without any loss of generality, one can consider, for any specific target soft­
ware-hardware implementation, the actual processor decoding time. Indeed all the above mentioned measures of com­
plexity can be converted for each specific platform into a single complexity measure given by the execution time. 
[0021] Even by considering a specific processor platform or a specific compression standard with a relative level and 
profile, the complexity of video decoding is a variable and unpredictable quantity, as described in 1SO/IEC MPEG2 

15 incorporated herein by reference. The actual figures of decoding complexity depend in a complex way on many different 
factors. One can mention, for instance, the actual bit-rate, the image content, the options used for encoding, the Group 
Of Picture (GOP) structure, or the Group Of Video Object Planes (noted as VOP) structure (GOV) which can change 
on the fly, the state of the buffer that controls the quantization parameters and many others, as described in M. Mat­
tavelli and S. Brunetton, Scalability of MPEG-4 VM based on the computational power of texture decoding, 1SO/IEC 

20 JTC1/SC29/WG11, Doc. M925, Tampere, Finland, July 1996 incorporated herein by reference. 
[0022] The complexity variability range increases with the richness of the standard. Richness means the number of 
implemented coding algorithms or coding modes and the number of possible coding options having different complex­
ities. For instance, the richness of H.263 is much higher than H.261, but it is lower than the new MPEG-4 standard 
under development where multiple Video Object Planes (VOPs) of different sizes and characteristics need to be 

25 decoded. 
[0023] In this description, Video Object (VO) means a temporal sequence of two-dimensional or three-dimensional 
arbitrarily shaped Video Object Planes (VOP). In case of rectangular or square shapes, these video object planes, also 
called hereinafter video planes, are denoted by the classical name of frames. An audio object means a stream of pack­
ets containing digital audio samples, or audio events in mono or multichannel format which can be associated to a VO. 

30 One or more audio packets can be associated to one VOP or video frame. By three-dimensional arbitrarily shaped 
video object planes we mean the projection or view of any three-dimensional natural or synthetic 3-dimensional object 
or 3-dimensional model. 
In summary, the processor decoding time of each incoming frame or VOP for any given compression standard is highly 
variable and impossible to predict just relying on resolution and bit-rate information. Therefore, an efficient resource 

35 allocation policy (process scheduling} which aims at guaranteeing real-time performances is very difficult in these con­
ditions. Scheduling policies that release the thread to the decoding process and receive it back after the task is com­
pleted are clearly not adequate. The same conclusion is true for a priori allocated processing time intervals. If more 
processing time than the one actually allocated is needed, real-time constraints are already violated by the video appli­
cation. The implementation of emergency measures such as skipping frames or portions of images, on one hand might 

40 succeed in recovering the correct timing, on the other could have catastrophic effects on the Quality of Services (QoS) 
of the video application. 

4. SUMMARY OF THE INVENTION 

45 [0024] It is an object of the present invention to control and to guarantee real-time performance of data processing. It 
is another object of the present invention to provide a processing apparatus that associates a complexity information to 
the processed data. 
[0025] It is another object of the present invention to provide a coding-decoding apparatus that further includes the 
associated complexity information to be transmitted to the decoder. 

50 [0026] It is another object of the present invention to provide a system that, on the basis of said complexity informa­
tion, provides a complexity prediction signal to be used to allocate processing resources to optimize real-time data 
processing. 
[0027] It is another object of the present invention to provide a processing system that supervises the processing 
using an allocated resource signal, a predicted complexity signal, a complexity information signal and provide a 

55 processing that satisfy specified real-time constraints. According to the present invention. there is provided a process­
ing apparatus comprising a method for processing a digital signal including the steps of : providing a digital signal, 
processing said signal using a plurality of processing algorithms, determining statistics of use of processing algorithms, 
providing a digital statistical signal representative of the statistics, associating to each of the processed signal its own 
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associated statistics and determining a complexity information signal based on said statistic signal. 

[0028] According to the present invention, there is also provided a coding apparatus that further inserts the said com­
plexity information signal into a transmission layer containing or not the associated data and transmits the said com­
plexity information to a decoder apparatus. 

5 [0029] According to the present invention, there is also provided a processing apparatus that generates from the com­
plexity information signal a processing prediction signal which is used to allocate processing resources in order to opti­
mize the real-time processing of the associated data. 
[0030] According to the present invention, there is also provided a processing apparatus that receives the processing 
prediction signal, the allocated processing resources and the complexity information signal, and uses the said signals 

10 to generate processing directives so as the data is processed according to the system real-time constraints. 
[0031] Although the described invention is of general application, the present description describes its application to 
the preferred embodiment of the video coding and decoding, and suggests the straightforward extensions to audio cod­
ing-decoding and to composition and rendering of media objects. 
[0032] The technique provided by the present invention is capable of predicting with an excellent degree of approxi-

15 mation the complexity of video or audio decoding, without the need of the actual decoding of the incoming bit-stream. 
These results are possible when an appropriate coding information can be included in the incoming bit-streams. The 
experiments demonstrate that the degree of approximation achievable is excellent considering the range of variability 
of the actual decoding complexity of video or audio compression standards, and that such degree is more than ade­
quate to enable an efficient processor resource allocation. One application of the proposed technique to the MPEG-4 

20 VM6 video coding algorithm is also demonstrated. Real-time video performances are guaranteed using the predicted 
decoding complexity to implement Computational Graceful Degradation (CGD) features whenever the video decoding 
complexity exceeds the available processing resources. By means of the proposed technique, it can be guaranteed at 
the same time the satisfaction of the real-time constraints and the aim of minimizing the unavoidable degradation of the 
QoS due to temporary lack of processing resources or to peaks of the intrinsic video decoding complexity. The same 

25 approach can obviously be used for audio decoders. 
[0033] It is clear that the approach is not limited to the coding/decoding process for compression purposes, but that 
it can be applied to the process of composing and rendering media objects (i.e. video, audio, text, graphics, two-dimen­
sional and three-dimensional graphic primitives and models) to the display output. The term composition means the 
action of putting these objects together in the same representation space. The action of transforming the media objects 

20 from a common representation space to a rendering device (speakers and viewing window) is called rendering. An illus­
trative example of the terminal environment for the handling of multimedia object is reported in Figure 19. More specific 
possible examples of the decoding, composition and rendering processes are reported in Figure 20 and 21. Figure 19 
reports the processing stages in an audiovisual terminal illustrating inputs outputs and processing of audiovisual 
objects. Figure 20 reports an example of a decoder which provides uncompressed audiovisual objects to the 

35 audio/video compositor. Figure 21 reports an illustrative example of composition of audiovisual objects. 

40 

[0034] Additional objectives and advantages of the invention will be set forth in the description that follows, and in 
parts will be obvious from the description, or may be learned by practice of the invention. The objectives and advan­
tages of the invention may be realized and obtained by means of the instrumentalities and combinations particularly 
pointed out in the appended claims. 

5. BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] The accompanying drawings constitute a part of the specification and illustrate the principles of the invention. 

45 Figures 1 and 2 report a graphical representation of the decoding complexity of H.263 video illustrating the needs 
and background of the invention for the video decoding embodiments ; 
Figure 3 reports the an example of the modeling of processing algorithms. It includes the association of processing 
statistic to each state associated to the execution of a specific algorithm ; 
Figure 4 reports the extension of the model of figure 3 for a more complete and accurate model of the algorithmic 

50 complexity ; 
Figure 5 reports one preferred embodiment of the invention for the MPEG-4 video decoding. It illustrates a com­
plexity model with the associated statistics for MPEG-4 texture decoding ; 
Figure 6 extends the model of figure 5 including additional coding modes and coding parameters plus the associ­
ated statistics ; 

55 Figures 7 and 8 report simulation results of a preferred embodiment of the invention. By associating a complexity 
measure to the statistics of the data processing (video decoding in the preferred embodiment), it is possible to pre­
dict the processing complexity of data ; actual decoding time, predicted decoding time and prediction error are rep­
resented. 
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Figure 9 reports the measured decoding time and Decoding Time Prediction (expressed in µsec) versus the 
sequence VOP number of the MPEG-4 VM6 for the sequence Coastguard (Background, Small boat, Big Boat and 
Water VOPs) at 64 Kb/s ; these results being obtained on a specific decoder. 

Figure 10 reports the measured decoding time and Decoding Prediction Time (expressed in µsec) versus the 
5 sequence VOP number of the MPEG-4 VM6 for the sequence Coastguard (Background, Small boat, Big Boat and 

Water VOPs) at 128 Kb/s ; these results being obtained on a specific decoder. 
Figure 11 reports the measured decoding time and Decoding Prediction Time (expressed in µsec) versus the 
sequence VOP number of the MPEG-4 VM6 for the sequence Coastguard (Background, Small boat, Big Boat and 
Water VOPs) at 128 Kb/s ; these results being obtained on a specific decoder 

10 Figure 12 reports a block diagram of part of the invention. The statistics carrying the complexity information and 
associated to each data to be processed are read by a prediction unit which generates a prediction signal sent to 
the OS scheduler which allocates resources as function of the prediction signal. The figure is reporting one exam­
ple of preferred embodiment for the video decoding of multiple VOP ; 
Figure 13 reports a block diagram of part of the invention relative to the construction of the complexity information 

15 header at the encoder side. Statistics of the coding and/or decoding algorithms/modes/parameters are generated 
at the encoder side and then inserted in a bit-stream to be transmitted to the decoder ; 
Figure 14 reports a block diagram of part of the invention relative to the interaction between the decoder supervisor 
and the decoder using various signals in order to guarantee real-time decoding of the data ; 
Figure 15 reports the diagram of a complexity model including associated degradation algorithms ; 

20 Figures 16, 17, 18 report examples of results of a preferred embodiment of the invention. The video decoding for 
the MPEG-4 texture decoding is provided imposing a maximum constant decoding time (complexity) for each VOP. 
Degradation results are also reported ; 
Figure 19 reports an example of a possible preferred embodiment of the invention illustrating the various interac­
tions and processing related to the handling of media objects (audio, video, text, graphic, 2-D and 3D models) in a 

25 multimedia terminal ; 

30 

Figure 20 reports an example of a portion of multimedia terminal block diagram that is another possible embodi­
ment of the invention, and 
Figure 21 reports a drawing illustrating the composition and rendering processes, both being possible preferred 
embodiments of the invention. 

6. PREDICTING DECODING COMPLEXITY BY MEANS OF ENCODING STATISTIC INFORMATION 

6.1 A model of decoding complexity for data dependent processing 

35 [0036) To achieve the objectives of the present invention, one need a simple model of data processing complexity that 
preferably has the following properties : 

1) it is only related to the processing of the incoming data, 
2) it is as compact as possible so that its description requires the minimum amount of information (number of bits), 

40 3) it is representative in terms of processing complexity, 
4) it is not related to the any specific software or hardware implementation of the given processing, 
5) it can be easily mapped on any software/hardware platform implementation, 
6) it is sufficiently accurate to yield useful predictions of the processing execution time. 

45 [0037) A way of describing the operations of processing incoming data can be to consider the sequence of ensembles 
of operations as appropriate distinct algorithms. If the sequence of algorithms is not dependent explicitly on the actual 
content of the data to be processed or by the intermediate results of the processing, the complexity of the processing 
can be easily calculated a priori and the complexity-modeling problem is trivial. 
[0038) In general, if the sequence of operations is explicitly data dependent (i.e. the processing instructions are con-

50 tained in the data themselves) and depends also on intermediate results of the processing, the problem of modeling 
algorithmic complexity is much more difficult. 
[0039] It is well known that any processing can be modeled by a finite-state-machine for which next state depends on 
the input, current state and current output (the well-known machine of Mealy). This formulation is rigorous and general. 
In theory it could also be used to measure the processing complexity. If one assume to associate a complexity measure 

55 to each state transition. one could measure the global complexity of the processing by monitoring the state of the 
machine at each step, and adding up the complexity related to each state transition. In practice, such model is not use­
ful for two main reasons. The state machine description of usual video decoding would result extremely complex. The 
global complexity associated to the sequence of state transition would result too abstract to make feasible the mapping 
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on different implementations than the canonical state machine. In practice, it would be extremely difficult to derive a 
complexity expressed as total execution time for different specific platforms. 

[0040] A more useful model is to represent the decoding process by a flux diagram for which each data state corre­
sponds to the execution of a specific algorithm f. Such representation is more naturally related to the usual representa-

5 tions of the execution of software programs. Let us associate to each data state a measure of the occurrence of such 
state, which is incremented each time the data processing falls in each state. Let us suppose to monitor the execution 
of the decoding process and, for the occurrence of each algorithm execution, to increment the associated measure. The 
result of this model is a representation of the data processing given by a sequence of measures associated to each 
algorithm composing the complexity model. In general, any encoder knows which algorithm sequence is needed for the 

10 decoding, since the encoding and the coding syntax define without ambiguities the decoding algorithms . In particular, 
video decoders have to implement a decoder, to build, reference images, therefore they are able indeed to generate the 
described complexity representation. 
[0041] This modeling approach has the nice feature that admits different levels of complexity resolution. One can con­
sider only a very limited number of main algorithms, or partitioning into a large set of sub-algorithms or any intermediate 

15 representation. The cost of the representation, obviously, depends on the number of algorithms that compose the 
model. The accuracy of the complexity representation depends on the number and type of algorithms, in other words 
on their relevance in terms of complexity. A simple example of a complexity model is reported in figure 3 which reports 
a flow graph for the modeling of a processing composed by three algorithms f and associated occurrence complexity 
measures c. In this model, the processing is represented by tree algorithms f and by the associated counters c. Figure 

20 4 reports a flow graph of the model of Figure 3 for which the complexity modeling of algorithms f1 and f3 have been 
designed by partitioning f1 and f3 in two new algorithms and their associated complexity models, the model is more 
accurate since the algorithms 1 and 3 are partitioned into other algorithms associated to new algorithm occurrence 
measures. It must be noted that what are considered as coding modes associated to specific coding options in the 
usual coding language, are from the point of view of the invention distinct algorithms. since different complexities cor-

25 respond to different coding modes. It must be also noted that the executions of the same algorithm using different 
parameters can be considered as the executions of distinct algorithms associated to the corresponding parameters. 
[0042] The mapping of the complexity into any software/hardware implementation is straightforward. By knowing the 
complexity (execution time) of each algorithm on a specific platform and by using the information of the actual occur­
rence measure of each algorithms in the decoding process, one can easily calculate the total execution time (what is 

20 denoted as complexity) for the processing of an incoming bit-stream. 
[0043] The key issue of this approach is to be able to find the representation in terms of minimal set of algorithms and 
sub-algorithms (tools) that being representative of the processing complexity, yields the best approximation of the exe­
cution time. This is particularly evident for very complex processing task such as video decoding. The importance of a 
minimal set is to keep as compact as possible the cost of the complexity representation and, therefore, make possible 

35 its separate transmission at a low cost. 
[0044] Another feature of the proposed model is that it can easily take into account parallel software or hardware 
implementations. No hypothesis has been done on the internal implementation of each algorithms. In fact, they can be 
implemented at any level of hardware or software parallelism. The case for which different algorithms of the model have 
parallel implementations can also be treated by simplifying the model and just ignoring some counters associated to 

40 algorithms implemented in parallel. Simple practical examples of these cases are given below after the complete defi­
nition of the modeling-prediction complexity problem. 

6.2 A technique to predict video decoding complexity : Decoding Complexity Prediction by Coding Statistics <DCPCS} 

45 [0045] Let us consider a specific software/hardware implementation of a video decoder, running on a specific hard­
ware platform. Since no hypothesis is made on the architecture of the software or on the architecture of the hardware, 
the approach doesn't loose any generality. 
[0046] Let us consider that the true complexity C* (execution time) for the decoding of a given input data (i.e. a single 
frame or a MPEG-4 VOP) is a function P*, specific for the software/hardware implementation at hand, of the sequence 

50 of all the various processing operations p
1 
1=1, ... ,L needed to decode the incoming data: 

(1) 

[0047] The Pi describe the sequence of operations that define the decoding process. They are, for instance, the pars-
55 ing of the bit-stream, the sequence of operations for decoding the in various form Intra, Inter, Not-Coded, Shape, Pad­

ding, the inverse quantisation, the IDCT, the motion compensation in its various form OBMC, simple prediction, 4 vector 
prediction , the parameter that characterize the processing of each prediction mode (integer pel vector prediction, half 
pel vector prediction), the number of bitwise parsing operations, the number of non-zero OCT coefficients and so on. 
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[0048] The actual expression of the function P* is certainly extremely difficult to obtain. On the other hand, the objec­
tive of the present invention is to avoid the necessity to know all the parameters that define the complexity, but just to 
be able to predict the true complexity C* with a good degree of approximation. The cost of the description of the exact 
complexity function P* in terms of all coding parameters would be, indeed, prohibitive for the purposes of the present 

5 invention. 

10 

[0049] Therefore, let us leave the problem of finding the exact expression of the complexity function P* and try to find 
a sufficiently accurate approximation F of the function P* which provides a prediction C, using the model proposed in 
the previous section. One is therefore limited to consider a number I of algorithms fi, with i=1, ... ,I with I << L, and the 
associated model counters ci : 

(2) 

where the coefficients wi related to each ci are complexity weight corresponding to the model algorithm fi which 
15 accounts for the specific software and hardware architecture at hand. 

[0050] Let us suppose now, that the values of the vector c for the incoming data (frame or VOP) are known. If the 
vector w of the wi weights is known, one can predict the complexity of the incoming VOP bit-stream by a simple linear 
combination. 

20 6.3 A method to estimate the algorithms weight coefficients w 

[0051] The values of the vector w can be obtained by direct measurements on the platform, if the complexity values 
(execution time) of each function are accessible. In general, they can be also indirectly estimated by means of a simple 
linear regression applied on a set of measures of the true complexities C*k, with k =1 ... K, obtained by K samples of 

25 data processing (i.e. K frames or K VOPs taken from different sequences) on the selected platform : 

30 

35 

40 

45 

c• 1 = w, . c; 1 + ~ . c; 2 + • · • + w, . £;; + • • • + w, . c; I 
c· 2 = W, . c; 1 + ~ . £;2 + .. • + L-1{. £;; + • · · + W, . c21 

( 3) 

[0052] In matrix form the estimated vector of weights w can be expressed by the classical least square minimization 
expression : 

where T indicates the transpose matrix, 
and -1 indicates the inverse matrix. 

~ T -1 T 
W= (c c) C C, (4) 

[0053] Obviously, the linear regression and the measures of the Ck complexities can be made off-line since they have 
as objective the estimation of the vector w which is characteristic of a specific software/hardware decoder implementa-

50 tion and do not depend on the incoming data. 
[0054] Once the vector of thew parameters is estimated, the evaluation of the actual complexity C of the incoming 
bit-stream can be simply done by calculating the linear combination of the complexity function. In practice, this can be 
done by reading the actual ci counter values written in an appropriate form in the incoming data, and calculating the 
value of F(c). This fact implies, for instance, that video compression standards should be able to insert complexity infor-

55 mation in appropriate headers of frames or VOPs, or transmit them as accompanying information. Figure 7 reports the 
measured decoding time and Decoding Time Prediction ( expressed in msec) versus the sequence VOP number of the 
texture decoding of MPEG-4 VM6 for the sequence Akyio (Background and Akyio VOPs) at different bit-rates. The 
decoder is the Momusys VM6 on a Sun Ultrasparc. The absolute value of the Decoding Time Prediction error is 
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reported in the bottom curve near the 0 value. 

6.4 Definition of the complexity models for the texture decoding of MPEG-4 VM6 VOPs 

5 [0055] In the previous section, a model for decoding complexity has been developed, aiming at being at the same time 
related only to the processing and apt to be mapped on any platform implementation. These ideal requirements have 
been expressed in six points. A last requirement needs to be verified. Does the model and the associated complexity 
representation provide complexity (time) predictions sufficiently compact but accurate enough for the aims of the 
present invention? There is described in this paragraph an example of application of the modeling to the texture decod-

10 ing of MPEG-4 VM6 VOPsm, excluding the processing of shape coding and the padding of macroblocks. This exclusion 
is just motivated by the fact that at the time of the modeling and simulations, one have investigated only the stable cod­
ing modules of the MPEG-4 VM. The same modeling principles can be applied to those and to all new MPEG-4 coding 
algorithms and modes. 
[0056] Let us partition the decoding of each MPEG-4 VOP in the following seven algorithms which represent all the 

15 texture coding process of any VOP including luminance and chrominance (Intra, Inter, Skip, Advanced Prediction Mode 
(ADM). Normal Prediction Mode (NPM), DCT coefficient processing (DCT_coeff). and OCT line processing 
(OCT _line)). Let us associate to each coding-decoding algorithm a statistic measure defined as follows. For Intra, Inter 
and Skip, it counts each time a macroblock is coded by using the Intra, Inter or Non-Coded coding mode. For ADM and 
NPM the statistic measure indicates the number of blocks 8x8 predicted using advanced prediction modes (OBMC or 

20 four vectors for macroblock) or normal prediction modes. For DCT_coeff, the measure counts the total number of DCT 
coefficients per VOP, and DCT_line the total number of executed OCT 8x1 per VOP. All these counters can be easily 
inserted in any MPEG-4 compliant or any other video/audio encoder. Figure 13 reports a schematic diagram of the 
process of counting coding algorithms/modes/parameters and provides a statistic description of the decoding process 
according to any complexity model. This diagram represents the generation of the Complexity Information Header at 

25 the encoder side. The encoder increments the counters of the coding algorithms/modes/parameters that are used to 
encode the video frame or video object to generate the associated statistics signal (known as complexity information). 
At the end of the encoding of each video frame or video object the statistics of the used coding algo­
rithms/modes/parameters is inserted in the Complexity Information Header. Figure 1 reports a simplified flow graph of 
the MPEG-4 VM6 texture decoding algorithms. Note that. in the proposed technique, it is not necessary to explicitly 

20 model the actual decoder flow graph. The above graph represents the schematic flow diagram of a possible simple VOP 
texture decoding model of MPEG-4. It has to be noticed that by estimating the complexity weights using the total VOP 
decoding measures as explained in the previous paragraph, it is not even necessary to explicitly specify all transitions 
in the decoding flow diagram model. 
[0057] More accurate complexity models could be designed by introducing new algorithms and the associated meas-

35 ures of occurrences. An example of a more accurate model including the partitioning of APM and NPM into predicted 
or bi-directional modes and into half-pel motion compensation modes is reported in Figure 6 which represents an exam­
ple of extension of the MPEG-4 texture decoding complexity model including the different mode prediction and half-pel 
motion compensation functions. 
[0058] A reduction to simpler decoding models when many counters of different algorithms are available is straight-

40 forward. Some counters can be ignored if, in a specific software/hardware implementation, they do not implies any or 
any relevant complexity difference. For instance, if the implementation does not yields different processing time if a 
macroblock is predicted by a full pel or half pel vector, or if there is no difference between APM or NPM, all these 
counters can be ignored or can be combined. The specific action depends on the architecture and on the complexity 
features of the software/hardware decoding platform used. 

45 [0059] As reported in these model examples, a meaningful partitioning of the algorithms in terms of complexity can 
be easily done only referring to the processing of the data and without the need of specifying any software or hardware 
implementation. Only in the phase of estimating the weights wi and to perform the actual prediction it is necessary to 
refer to a specific hardware/software implementation. 
[0060] The two simple models presented here are also capable of taking into account parallel implementations which 

50 are implemented in each algorithm such as any packed arithmetic implementation or higher levels of parallelism. Par­
allel implementations at levels of macroblock decoding are not likely to occur in MPEG-4 systems. Decoders need to 
respect a given sequential order in decoding the macroblocks that is intrinsic in the syntax of the video data flow. More­
over, for multimedia processor implementations, the ones that are particularly considered in this description, parallelism 
is likely to be implemented at much lower levels than macroblock decoding. Higher levels are indeed very unlikely to 

55 appear. 
[0061] Platforms that include also some hardware module accelerators, can be taken into account for the model. If 
one have, for instance, the hardware implementation of a 8x8 OCT module, one can simply discard the DCT _coeff and 
DCT _line counters and simply use the combination of Intra and Inter counters to predict the DCT decoding complexity. 
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Similar measures can be taken for other hardware accelerator modules. 

[0062] The present complexity modeling approach can be applied to the audio/video decoding, composition and ren­
dering of media objects or to any real-time processing of data. 

5 7. EXPERIMENTAL RESULTS OF VIDEO DECODING COMPLEXITY PREDICTION 

[0063] This section reports simulation results of the prediction of VOP decoding complexity for the MPEG-4 VMS com­
pression standard. Counters corresponding to the algorithms defined by the model of Figure 5 have been inserted in 
the Momusys VMS encoder implementation to generate the mentioned statistic measures. These integer figures have 

10 been converted into percentage values referred to the actual number of VOP macroblocks, normalized to 8 bit values 
and have been supposed to be transmitted as a VOP complexity header for each VOP. The cost of this information 
transmission results of a few tenths of bits and can be considered negligible if compared to the total video bit-rate. Obvi­
ously, any other representation of the statistical coding information which has a sufficient precision can be employed. A 
schematic diagram of this decoding time (complexity) prediction signal generation process is reported in figure 14 which 

15 represents a schematic diagram of VOP video decompression interactions between the Video Decoder and the Video 
Decoder Supervisor when the Allocated Decoding Time (TAlloc)is lower than the Decoding Time Prediction (T Pred)- The 
Target Decoding Time and Decoder Time Reference are used to verify that the Decompressed Video elements are 
made available at the desired time. The Target Decoding Time is derived implicitly by the frame or sampling rate or by 
the information associated to each VOP or video frame (associated time stamps). 

20 [0064] Measures of the texture decoding time of each VOP for different video sequence have been performed on a 
Sun UltraSparc platform. The decoder is the Momusys VM6 decoder. 
[0065] The estimation of the weight w vector has been obtained by a linear regression applied on the measured 
decoding time of each VOP using the expression of equation (4). To demonstrate the robustness of the proposed tech­
nique, the complexity prediction results have been generated using a vector w. estimated using the complexity meas-

25 urements of all the test sequences, except the one for which the prediction is calculated. For instance, to predict a 
sequence A, the weights estimated on sequences B and C have been used, and so on respectively for the other test 
sequences. Table 1 reports the results of the different estimates of the vector w for the sequences Akyio, Coastguard 
and Bream. As can be easily noticed, complexity (time) estimates from different sequences do not differ relevantly from 
one to the other. Disposing of a relatively large set of sequences with the associated measurements, one can easily 

30 perform off-line estimates of decoder weights w characteristic of the decoder at hand. 
[0066] Figure 7 reports the measured VOP decoding time, the VOP decoding time prediction and the time prediction 
errors (in absolute value) for the two VOPs of the sequence Akyio. Figure 8 represents the measured decoding time and 
Decoding Time Prediction (expressed in msec) versus the sequence VOP number of the MPEG-4 VM6 for the 
sequence Bream (Background and Fish VOP) at different bit-rates. The decoder is the Momusys VMS on a Sun 

35 Ultrasparc. The absolute value of the Decoding Time Prediction error is reported in the bottom curve near the O value. 
The results have been obtained at different bit-rates and all measures are expressed in msec. The same experiment 
results are reported for the sequences Bream and Coastguard. In figures 9, 10 and 11, as can be easily noticed, while 
the measured actual decoding time has strong variations for each VOP, the decoding time prediction is very accurate 
and the two curves for most of the samples are difficult to distinguish one from the other. In these experiments, the error 

40 of the prediction is lower than 5% for each VOP and in average is around 1-2%. 

45 

50 

55 

11 

fuboTV Media Inc. 
Exhibit 1002 

Page 459



5 

10 

15 

20 

25 

30 

35 

40 

EP O 919 952 A1 

w Akiyo Bream Coastguard 

{msec/f) 

Intra 38.68 38.84 38.15 

Inter 30.95 29.60 29.56 

Skio 5.55 5.53 5.51 

OCT line 2.15 0.37 1.24 

OCT coeff 1.47 6.58 6.18 

APM 226.47 230.23 228.70 

NPM 36.30 37.60 36.01 

Table 1. Estimated complexity weights vector w for the 

texture decoding complexity model of Figure 5 for different 

sets of measures. The complexity relevance for each weight is 

given by the product of the algorithm count and by the weight 

itself. 

[0067] The excellent results demonstrate that a relatively simple complexity model is able to predict the decoding time 
(complexity) with a very good degree of approximation, when appropriate coding statistics are available. The degree of 
approximation resulting from the proposed method, indeed, is more than adequate to enable an intelligent and efficient 
resource allocation strategy. 
[0068] The description and discussion of the new possible schemes of interaction between the real-time OS and the 
video decoder are the subject of next sections. 
[0069] Another important conclusion is the fact that a very complex process such as MPEG-4 texture video decoding 
can be described by a suitable high level coding statistic information which is not directly related to any software or hard­
ware implementation. The vector of coding mode counter values is, in fact, a compact coding parameter and coding 
mode information of the compressed bit-stream. Moreover, the obtained results reports that it is not necessary to define 
a very detailed model of the software/hardware decoder platform. Very complex decoder features such as cash strategy 
or memory accesses which could have a non-strictly deterministic behavior, can be taken into account in a statistical 
sense when one estimate the value of the weight vector characteristic of the decoder platform used. 

8. NEW SCHEMES OF DECODER-OS SCHEDULER INTERACTIONS 

45 [0070] New schemes of interaction between the decoder and the OS scheduler of the multimedia processor are pos­
sible when decoding time prediction is feasible. These schemes of interaction can be designed in order to provide the 
best resource allocation policy able to guarantee real-time performances. 
[0071] In Figure 12, an example of decoding scheme employing decoding time prediction is reported. This figure rep­
resents a decoding scheme example in which the Complexity Information of each VOP is processed by the Complexity 

50 Prediction Unit which provides the Decoding Time Prediction signal to the decoder and to the real-time OS/scheduler 
that allocates the necessary resources (Allocated Decoding Time) to the decoder or decoding processes. The Decod­
ing Time Prediction unit reads the Complexity Information Header carried in each VOP/frame bit-stream header or 
transmitted as side information in any format, produces the decoding time prediction for each frameNOP, and provides 
this information to the real-time OS scheduler. In this way, the OS scheduler can allocate the necessary resources (i.e. 

55 Allocated Decoding Time) for the decoding of each or all the VOPs respecting the associated real-time constraints. In 
case of non real-time encoding, the complexity information can be compressed and transmitted before the real-time 
transmission and real-time decoding of the video/audio bit-streams. The usefulness of such scheme is evident consid­
ering that many VOPs of unknown complexity (decoding time) need to be decoded within an associated time interval 
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Tc. This scheme is able to guarantee real-time performances if the available video processing resources TAlloc (i.e. Allo­
cated Decoding Time) are sufficient for the decoding of all N incoming VOPs within the given time interval. Formally, the 
following relation has to be satisfied : 

N 

T ~TAl/ocz LT n(t) (5) 
n=1 

where T n is the decoding time of the nth VOP, with n=1, ... , N, where N being the VO and VOP index and t being the VOP 
10 sampling time. 

[0072) This simple procedure scheme is applicable in two cases. The first is when all the VOPs belongs to the same 
sampling time t (implicitly defined by the sampling rate or also carried by time stamps associated to each VOP). In this 
case, there is no additional delay introduced by the decoder. The second case occurs when the VOPs can also belong 
to sequential sampling periods, i.e. M sampling intervals of the reference time t denoted as Dt (also referred as different 

15 time stamps). In this case, an additional delay has to be considered and an output buffer needs to be added to the 
decoder: 

N M 

T cz T Allocz L L T n(t+mM) (6) 
20 n=1 m=1 

[0073) This second scheme enables to smooth out computational peaks on a larger number of VOPs and on a larger 
time interval than a single image sampling period Dt. In other words, expression (6) might be satisfied even when 

25 expression (5) is not for some values of the sampling time t. Obviously, this result is obtained at the cost of an additional 
delay and an additional output buffer. 
[0074] When the available processing resources (i.e. time) are not sufficient to decode all VOPs, this simple strategy 
cannot guarantee the respect of the real-time constraints. In such cases, other form of interactions and new decoding 
techniques are needed. 

30 [0075] The main idea is to reduce the complexity of the decoding in order to satisfy relation (5) and (6) accepting some 
degradation to the resulting image quality. These techniques are called here Computational Graceful Degradation 
(CGD). 
[0076) A schematic diagram of the construction of the complexity information header at the encoder side is reported 
in Figure 13. The encoder, during the encoding process, increments the registers (counters) corresponding to a set of 

35 encoding algorithms/modes/parameters used for the actual VOP or frame compression. At the end of the process, the 
counters contains a compact encoding/decoding statistical information that is written in the Complexity Information 
Header. 

40 

9. COMPUTATIONAL GRACEFUL DEGRADATION (CGD} 

[0077) The main idea of CG□ is to make available results of poorer quality when the results of the desirable quality 
cannot be obtained in real time. When the complexity of the task exceeds the available processing power, real-time 
services, possibly of degraded quality, are nevertheless provided respecting all real-time constraints. This approach 
makes the guarantee of the correct scheduling of tasks possible, even when the computational system load fluctuates 

45 and relation (5) and (6) cannot be satisfied. 
[0078] The concept of graceful system degradation using imprecise results has been previously introduced in the field 
of real-time computing with applications to control system and automation. In these contexts, imprecise results are 
defined as intermediate results with the property that the more recent and intermediate result is the closer one that 
approximates the final result (i.e. the idea only works in monotonically improving computations). For more details, the 

50 reader can refer to W.A. Halang, A.O. Stoyenko, Constructing predictable real time systems, Kluwer Academic Pub­
lisher, 1991 ; K. Lin, S. Natarjan, J. Liu, Imprecise results: Utilizing partial computations in real-time systems, Proceed­
ings of IEEE Real-Time System Symposium, December 1987; J. Liu, K. Lin, S. Natarjan, Scheduling real time periodic 
jobs using imprecise results, Proceedings of the IEEE Real-Time System Symposium, December 1987 incorporated 
herein by reference. 

55 [0079) In these cases the problems to be solved are more concerned with fault tolerance, 1/0 overloads, stability and 
reactivity to unexpected inputs, and the corresponding techniques are not suitable for purposes of real-time decoding 
of compressed video/audio bit-streams. 
[0080) In contrast, the aim of the present invention is to be able to provide the guarantee of real-time video decoding 
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with possible degradations of the image quality, i.e. reductions of the peak signal to noise ratio {PSNR), without loosing 
parts of the image or parts of the audio content. Such alternative is certainly much more desirable than other straight­
forward options such as cutting image portions or simply skipping frames. These latter options, as can be easily under­
stood, can have catastrophic consequences on prediction based coding systems. In H.263 systems, for instance, 

5 skipping the decoding of a single frame or a portion of it implies the skipping of all future incoming frames (or portion of 
them) before the next incoming Intra frame. The time interval of such skipping operation might cover many seconds, and 
the information content loss might be very relevant. Such abrupt interruptions, which are perceptually very annoying, 
might he caused not only by the simple fluctuation of the decoding complexity load as discussed in the previous sec­
tions, but also by the fluctuations of the load of other non-video/audio processing tasks which reduce the available 

10 processing resources (time). Moreover, such events are in general out of the control of the video/audio decoder system 
and cannot be easily forecasted. Considering these facts, the importance of techniques able to filter out complexity 
decoding peak loads or able to reduce the average decoding computation load without causing perceptually annoying 
consequences is evident. Skipping 8-VOP could be, in some cases, a viable option for video accepting the introduction 
of motion judder in the sequence reproduction. Unfortunately, the presence of 8-frames or 8-VOP cannot be guaran-

15 teed in any bit-stream and just at the right time for which a reduction of the complexity is needed to respect the real time 
constraints. For audio applications, any skip of part of the content has perceptually a very annoying result. 

[0081] In contrast with what could be commonly thought, also the classical multi-resolution coding features such as 
spatial or temporal scalabilities are not really useful for the aims of the present invention. In general, they are used to 
optimize the transmission bandwidth usage, enabling the compatibility of services at different bit-rates and spatial res-

20 olutions, but they must be embedded in the original bit-stream at the encoder side. If they are not embedded, the 
changes of resolution at the decoder size can results more computationally expansive than the simple decoding at the 
given resolution. 
[0082] Another important reason for the introduction of CGD is given by the definition of profiles, levels and conform­
ance tests for video compression standards based on software/processor platforms. For the MPEG-4 standard, it is 

25 expected to have a range of applications that will be much broader than the one of MPEG-1 and MPEG-2. Two possible 
scenarios can be identified. The first is the definition of a limited number of profiles and levels based on computational 
power. The second is the possibility of a continuum of decoders of different computational power. The first scenario 
faces very difficult tasks such as the definition of decoder conformance testing, and at the end it may result in a jungle 
of too many different levels and profiles. 

20 [0083] The second scenario is completely open to platforms of different computational power. It requires pure func­
tional decoder conformance testing and is able to provide the maximum quality of the service that is achievable by the 
capabilities of each platform. 
[0084] The second scenario, although much more attractive than the first, poses new questions and problems have 
not yet been studied in video and audio coding. It is mandatory that all decoders can decode all MPEG-4 services but 

35 at different levels of quality. It means that a scalability-based on computational power is needed. This new type of scal­
ability should enable a graceful degradation of the video quality when less than theoretically necessary computational 
power is available at the decoding side. In contrast with MPEG-2 scalabilities that are discrete, embedded in the bit­
stream and designed for specific applications, this computational power based scalability should be continuous and 
implemented in all MPEG-4 bit-streams. 

40 [0085] From these arguments, the usefulness of CGD and its important features and applications are clear. The last 
key point that has left CGD as a good idea but of difficult usage and implementation for video coding was that it was not 
clear how to implement it efficiently. Now that the present invention has developed a technique able to predict with a 
good degree of approximation the required decoding time of each decoding process, one have the key for useful and 
efficient implementation of CGD techniques. 

45 

9. 1 Principles of decoding using CGD techniques 

[0086] Let us consider a complexity model such as the one of Figure 3 composed by a set of I algorithms fi, with i = 
1, ... ,1 and suppose to be able to design for all, or only for a subset scGo of the functions fi composing the model, new 

50 functions f?GD which have the following three properties : 

1) the execution of a function t?GD yields results that are an approximation of the ones produced by the original 
function fi, 
2) the execution of fiCGD does not prevent the exact execution of any subsequent decoding functions, 

55 3) the weight w?GD associated to f?GD in the considered decoder implementation is lower than the corresponding 
wi associated at fi (i.e. w?GD < wJ. 

[0087] For a schematic representation of a complexity model which includes new degraded functions, one can refer 
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to Figure 15 which represents a schematic diagram of a complexity model including CGD algorithms, CGD counters (bi) 
and new state transitions generated by the new CGD functions. In this example f1 ,f3 I sc0□, and f2 I sorig. In other words, 
for video decoding for instance, the execution of any fi000 might produces PSNR degradations in the reconstruction of 
some image parts, but not prevents from correctly decoding the rest of the frame or VOP. 

5 [0088] Let us partition the functions forming the complexity model into two disjoint sets, s 0 rig and scGo respectively, 
for the ones that do not admit a CGD version and for the ones for which it is possible to design a CGD version. 

10 

15 

[0089] Let us consider for simplicity an image sequence composed by a sequence of single frames or single VOPs 
(i.e. N=1) and suppose that expression (5) is not satisfied for some values of the decoder reference time t: 

(7) 

where T(t) is the decoding time of the VOP at hand at the sampling time t. and to define as processing deficit T Def the 
time for which the decoding complexity exceeds the Allocated Decoding Time : 

T(t)- TA/toe= T Def (8) 

[0090] Since the decoding time can be approximated by its prediction (Decoding Time Prediction) it can be expressed 
20 by: 

25 

30 

35 

40 

I 

T(t);;;;; T Pred(t)= LC;W; 
i=1 

where the ci are the counters of the complexity model and the wi are the corresponding complexity weights. 

(9) 

[0091] The lower limit of the decoding time executing all CGD algorithms f?GD at the place of fi for any ii scG□, is 
given by: 

T cao= L L ciwi (10) 
ie Sorig 

[0092] If T cGo<TAuoc<T Pred it is therefore possible to guarantee the real-time constraints by executing the f?GD algo­
rithms and accepting approximate decoding results. The difference T Pred -T CGD can also be expressed as : 

(11) 

[0093] If T cGo<TAnoc<T Pred , it is therefore possible to find for each ci with ii scG□, a couple of integer coefficients 
45 ai,bi, for which : 

(12) 

50 and denoting as T Process any decoding time interval which respects the real time constraints (obtained by the implicit 
sampling rate or expressed using appropriate time stamps associated to each VOP or video frames, or audio packet), 
one can express the desired process decoding time as any decoding time value that satisfy the expression : 

55 (13) 
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[0094] Obviously for any Allocated Decoding Time the aim is to respect the real-time constraints with the lowest deg­
radation in the video/audio content. Associating a degradation measure to each w?GD it is possible to minimize the 
degradation for a given TAlloc. Therefore, the aim is to find the set Sa,b of couple of coefficients ai, bi, with i I s 000, that 
satisfy expression (12) and minimize the video or audio degradations expressed as difference with the non degraded 

5 output: 

(14) 

10 [0095] The determination of the set Sa b can be done by means of any suitable optimization method or any suitable 
optimization heuristic by the Video Decoder Supervisor, schematically represented in Figure 14. In summary, the Video 
Decoder Supervisor receives from the OS the Allocated Decoding Time signal (TAlloc), the decoding time prediction sig­
nal (TPred) from the Complexity Prediction unit, and the Complexity Information signal represented by the actual values 
of the coding/decoding statistic (set of ci coefficients) for the VO. Since the Video Decoder Supervisor knows the values 

15 of the set of wi and w?GD it can determine, by a suitable standard optimization technique, the corresponding set of coef­
ficients ai,bi such that expression (12) is satisfied. Having defined the set of ai,bi coefficients the CGD decoding is par­
tially defined. In other words, the set of coefficients defines for each ii sCGD how many degraded algorithms (t{GD) at 
the place of original algorithms (9 need to be executed. 
[0096] Since the determination of the degradation coefficients is done on the basis of the decoding time prediction, 

20 the video decoder can generate a Decoding Status signal reporting the status of the decoding (i.e. the fraction of the 
bit-stream or the fraction of the VO already decoded). The signal representing the Decoding Status of the decoding 
process reports to the Video Decoder Supervisor an information which can be used to correct the Computational 
Graceful Degradation Directive signal (i.e. the setting of the 8j,bj coefficients in this example) if the Current Decoding 
Time and the Current Decoding Time Prediction signal are not conformant. Current Predicted Decoding Time means 

25 the Decoding Time Prediction calculated by using elation (13), only counting the occurrences of the decoding algo­
rithms actually used to decode the fraction of the decoded bit-stream at the current reference time (time for which the 
decoding status signal is generated). The term not conformant means that the actual Decoding Time is greater than the 
Decoding Time Prediction of an amount of time which overcomes statistical variations which are functions of the com­
plexity information, thus reporting possible errors in the Decoding Time Prediction signal. 

20 [0097] The described interactions between OS, the Decoder and Video Decoder Supervisor can be easily extended 
for the case of sequences containing multiple VO at the same sampling time (associated time stamps), or belonging to 
a defined time interval containing several sampling periods (several associated time stamps). Expressions 
(10, 11, 13, 14) can be easily modified including the appropriate summation over all VOP. Therefore, in the case of N VOP 
at the same sampling time t, one have : 

35 

N 

T N(t)= LT nU)> T Aflac (15) 
n=1 

40 

where TN (t) is the total decoding time of the N VOP. 

N N I 

T N(t);;;; T Pred,N= LT Predn(t)= L LC;,nWi (16) 
45 

N 

T CGD,N= L ( L C;,nw/X3D + L C;,nW;) (17) 

le Sorig 
50 

(18) 

55 
(19) 
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N 

T Process,N= L ( L (ai,nwi CGD +b i,nwi)+ L C i,nwi)<c,T Al/oc (20) 
n=1 iE ScGD iE Sa,;g 

5 

N 

s.b,N = a r gn i ~ att. !m, (L ( PSNPr PSNR.. 8i.n ,4,n) )) 
n=1 ( 21) 

10 

or 

15 

(22) 

20 where an is a semantic degradation coefficient which might be available in the coded bitstreams. 
[0098] For N Video Objects and M sampling time intervals Dt (denoted also as time stamps) one have : 

M M N 

T N,M= L T N(t+mM)= L LT n(t+mM)> TA/toe (23) 
25 m=1 n=1 

M N M N I 

TN,M""'TPred,N,M= LL TPredn(t+mAt)= 2, LLci,n,mwi (24) 

30 

M N 

T CGD,N,M= LL( L ci,n,mw/GD + L ci,n,mwi) (25) 

IE Sorig 

35 
M N 

T -T -°"°" Pred,N,M CGD,N,M- L, L, (26) 

40 a i,n,m + b i,n,m = C i,n,m (27) 

M N 

T Process,N,M= 2, L ( L (ai,n,mw?GD +bi,n,mwi)+ L ci,n,mwi)<c,TAl/oc (28) 
m=1 n=1 ie S CGD iE Sa,ig 

45 

50 
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(29) 
5 

or 

10 
( 3 0) 

15 9.2 Extension of the techniques to video/audio composition 

[0099] The methods aiming at predicting the decoding time (i.e. generating a Decoding Time prediction Signal) of 
video frames or video objects, so as to respect the real-time constraints specified implicitly by the audio/video rates or 
by the timing information carried by the associated time stamps, can be easily extended to the video/audio composition 

20 processes. Composition process means the action of putting decompressed video or audio objects together in the 
same representation space. In a similar way of the decoding process, one can generate a Composition Time Prediction 
for each composition process according to the interactions described in Figure 12. Such Composition Time Prediction 
is a function of the occurrence of composition algorithms, composition modes and composition parameters (associated 
composition statistics). Differently from the decoding process, composition algorithms, modes and parameters can be 

25 also provided by an interactive user interface. In a similar way the Composition Allocated Time can be generated as 
function of the Composition Time Prediction. The interactions between the compositor and the OS can be described as 
in Figure 12 where the Decoder is substituted by the Compositor. 
[0100] The technique of associating Decoding Degradation Algorithms and decoding by using degradation algorithms 
described in section 6. 1 and Figure 14 can be applied by substituting respectively the Allocated Decoding Time by the 

20 Decoding Time Prediction, the Target Decoding Time and the Decoder Reference Time by the Allocated Composition 
Time, the Composition Time Prediction by the Target Composition Time and the Compositor Reference Time. All rela­
tions and equations reported in section 6.1 referring to the decoding process can be referred to the composition proc­
ess. 

35 9.3 Examples of possible degradation modes 

[0101] The decoding operations of a video compression algorithm can be divided into two main categories: 

1) operations that cannot be simplified since they may prevent the extraction and usage of relevant coding informa-
40 tion, 

2) operations that can be simplified, possibly leading to imprecise or degraded video results. 

[0102] To the first category typically belong all bit-stream parsing operations, entropy decoding (i.e. VLD and arithme­
tic coding), and all operations related to synchronization and to the syntax of the decoding process. For these opera-

45 tions, no degradation mode definition is possible, otherwise it would imply skipping image portions or entire frames 
since either the data or the coding modes and coding parameters are lost. 
[0103] To the second category, for instance, belong operations such as the IDCT. the prediction with and without 
motion compensation in its various forms (PB/B-frame prediction, overlapped block motion compensation (OBMC), half 
pixel interpolation and so on, padding, shape coding. Simplifications of such operations applied to pixels or transform 

50 coefficients are always possible but at the expenses of imprecise results. The challenge can be expressed as follows : 
given a specific compression standard, software and processor architecture, implement it and find the fi CGD which pro­
vides the maximum complexity reduction (wi - w?GD) versus the minimum image/audio quality degradation (usually 
measured in PSNR). Many are the algorithms that can be simplified. We report here only two examples that illustrate 
the idea. 

55 

9.3.1 IDCT simplified modes 

[0104] IDCT on a 8x8 block can be decomposed into 16 IDCT operation on a 8x1 block, or on IDCT considering only 
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the lowest 4x4 or 2x2 coefficients. Skipping higher order 8x1 IDCT or enabling processing only 2x2 or 4x4 coefficients 
constitute some alternatives which are less complex than the standard 8x8 IDCT. Obviously, these less demanding 
alternatives yield a filtering of the high frequency possibly contained in the higher order coefficients. 

5 9.3.2 Simplified prediction modes 

10 

[0105] Many prediction modes can be simplified at the expenses of some PSNR degradations. In particular, the most 
complex such as the OBMC with or without half-pel motion compensation can yield relevant complexity decreases of 
both computational complexity and memory bandwidth by implementing simpler algorithms. 

10. EXAMPLES OF RESULTS FOR THE MPEG-4 VIDEO COMPRESSION STANDARD 

[0106] This section reports simulation results of the decoding of VOP using the complexity model and decoding time 
prediction results described in Section 4. The MPEG-4 VM6 algorithm in the Momusys VM6 implementation modified 

15 adding degradation functions to the advanced prediction modes has been used for the simulations. A fixed amount of 
processing time is allocated for each VOP composing the sequences. In case the decoding time prediction (T Pred) for 
each VOP exceeds the fixed allocated time (TAlloc), an appropriate number of advanced prediction modes are executed 
using degraded functions in order to satisfy relation (13). 
[0107] Figures 16, 17, 18 report the decoding results at 64, 128 and 256 kb/s for the four VO (Small Boat, Big Boat, 

20 background and Water) of the sequence Coastguard. On the left, the diagrams report the decoding time of each VO 
expressed in msec versus the VOP number. Two curves are reported : original decoding and decoding using degrada­
tion function in order to satisfy the decoding time limits. The PSN R image degradations corresponding to the execution 
of degraded functions are reported on the right. 
[0108] Figure 16 reports on the left standard decoding time and CGD decoding time (in msec) for the four VO of the 

25 sequence Coastguard at 64 kb/s. Each VO has a upper bound for the CGD decoding time. On the right the PSNR loss 
of the CGD decoding with reference to the standard decoding. 
[0109] Figure 17 reports on the left standard decoding time and CGD decoding time (in msec) for the four VO of the 
sequence Coastguard at 128 kb/s. Each VOP has a upper bound for the CGD decoding time. On the right the PSNR 
loss of the CGD decoding with reference to the standard decoding. 

30 [0110] Figure 18 reports on the left standard decoding time and CGD decoding time (in msec) for the four VO of the 
sequence Coastguard at 256 kb/s. Each VO has a upper bound for the CGD decoding time. On the right the PSN R loss 
of the CGD decoding with reference to the standard decoding. 
[0111] The implementation of CGD base on the decoding time prediction generation technique enables, within the 
discussed limits, the a priori setting of the decoding time guaranteeing the possibility of a scheduling of each decoding 

35 task that satisfy real time constraints, even if the available resources (Allocated Decoding Time) are inferior to the the­
oretically necessary ones. Moreover, the degradations introduced are visually acceptable and they can be minimized 
according to expression (14) by suitable techniques. The results obtained with a PSNR degradated are certainly much 
more desirable than introducing sudden interruptions and image content losses to the video sequence, and enables an 
efficient resource allocation policy. 

40 

45 

50 

Claims 

1 _ Method for primary processing a digital signal comprising the steps of : 

providing a digital signal to a primary processing unit ; 
primary processing said signal with said primary processing unit according to a plurality of primary processing 
algorithms to provide primary processed output signals, 
determining statistics of use of at least one of said primary processing algorithms, 
providing a digital statistics signal representative of said statistics for each of said primary processed output 
signals 
associating to each of said primary processed output signals its own statistics signal ; 
determining a complexity primary processing information signal based on said statistic signal. 

2. Digital primary processed output signal, generated by a primary processing unit using primary processing algo-
55 rithms and being intended to be transmitted to a receiving device wherein said primary processed output signal 

comprises data bit streams, each of said data bit streams comprising a main bit string representative of said pri­
mary processed output signal and a secondary bit string representative of the statistics of use of said primary 
processing algorithms associated to said main bit string. 
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3. Method for secondary processing a secondary digital output signal according to claim 2 comprising the steps of : 

(a) reading said secondary bit string ; 
(b) determining, from the secondary bit string, primary processing algorithms to be used to secondary process 
said primary output signal associated to said main bit string, for generating a complexity primary processed 
information signal for each signal ; 
(c) allocating a secondary processing time and/or operating system resources as a function of said complexity 
primary processed information signal for secondary processing of said primary output signal ; 
(d) sending main bit string to secondary processing means ; 
(e) secondary processing said main bit string using said allocated secondary processing time and/or operating 
system resources, according to a secondary process and 
(f) generating a secondary processed signal. 

4. Method for coding a digital signal comprising the steps of: 

providing an uncompressed digital signal including audio packets, video frames, video planes, or audio/video 
objects to an encoder ; 
compressing said signal with said encoder according to a compression syntax, said encoder using a plurality 
of coding algorithms to provide a compressed signal including coded audio packets, video frames, video 

20 planes or audio/video objects, 
determining statistics of use of at least one of decoding algorithms necessary to decode each of said coded 
audio packets, video frames, video planes or audio/video objects from said associated coding algorithms, 
and/or determining statistic of use of at least one of coding algorithms, 
providing a digital statistics signal representative of said statistics for each of said coded audio packets, video 

25 frames, video planes or audio/video objects, 
associating to each of said coded audio packets, video frames, video planes or audio/video objects its own sta­
tistics signal. 

5. Coding method according to claim 3, wherein the step of determining statistics consists in determining the statistics 
20 of use of some of decoding algorithms, wherein to each decoding algorithm is associated at least one decoding 

mode and/or decoding parameter and wherein the statistics signal is based on the decoding modes and/or decod­
ing parameters. 

6. Coding method according to claim 3 or 4, wherein the step of determining statistics further consists in determining 
35 the statistics of use of some of coding algorithms when said coding algorithms and the compression syntax allow 

the determination of corresponding decoding algorithms necessary to decode each of said coded audio packets, 
video frames, video planes or audio/video objects wherein to each coding algorithm is associated at least one cod­
ing mode and/or coding parameter and wherein the statistics signal is based on the coding modes and/or coding 
parameters necessary to decode when using said coding algorithms. 

40 

7. Coding method according to claim 4, wherein the statistic signal is generated by juxtaposing digital words each rep­
resenting the occurrences of use of a decoding mode and/or decoding parameter necessary to decode said asso­
ciated audio packet, video frame, video plane or audio/video object. 

45 8. Coding method according to claim 5 and/or 6, wherein the statistic signal is generated by juxtaposing digital words 
each representing the occurrences of use of a coding mode and/or coding parameter necessary to decode said 
associated audio packet, video frame, video plane or audio/video object. 

9. Coding method according to any of claims 3 to 7, wherein the step of associating consists in inserting said statistics 
50 signal into said compressed signal for each associated coded audio packet, video frame, video plane or 

audio/video object. 

10. Coding method according to any of claims 3 to 8, wherein the step of determining statistics consists in computing 
the occurrence of use of said coding and/or decoding algorithms for determining a complexity information for each 

55 coded audio packet, video frame, video plane or audio/video object. 

11. Digital compressed signal including coded audio packets, video frames, video planes or audio/video objects, said 
signal being generated by an encoder using a compression syntax and coding algorithms and being intended to be 
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transmitted to a receiving device wherein said signal is decoded according to decoding algorithms, and wherein 
said signal comprises at least a layer of coded audio packets, video frames, video planes or audio/video objects bit 
streams, each of said bit streams comprising a main bit string representative of the coded audio packets, video 
frames, video planes or audio/video objects and a secondary bit string representative of the statistics of use of said 

5 coding and/or decoding algorithms associated to said main bit string. 

12. Digital compressed signal, according to claim 10, wherein said secondary bit string is inserted in said layer of said 
bit streams. 

10 13. Digital compressed signal, according to claim 10, further comprising a plurality of parallel layers of coded audio 
packets, video frames, video planes, or audio/video objects bit streams, wherein said main bit string is inserted or 
transmitted in a layer different to said second bit string. 

14. Digital compressed signal, according to claim 11 or 12, wherein said secondary bit string is inserted or transmitted 
15 prior to said main bit string. 

20 

15. Digital compressed signal, according to any of claims 10 to 13, wherein to each decoding algorithm is associated 
at least one decoding mode and/or decoding parameter and wherein said secondary bit string consists of words 
each representing the occurrences of use of the decoding modes and/or decoding parameters. 

16. Digital compressed signal, according to claim 10 or 14, wherein to each coding algorithm is further associated at 
least one coding mode and/or coding parameter and wherein said secondary bit string consists of words each rep­
resenting the occurrences of use of the coding modes and/or coding parameters, said coding algorithms and the 
compression syntax allowing the determination of corresponding decoding algorithms necessary to decode each 

25 of said coded audio packets, video frames, video planes or audio/video objects. 

30 

35 

40 

45 

17. Method for decoding a digital compressed signal according to any of claims 1 O to 15 comprising the steps of : 

(a) reading said secondary bit string ; 
(b) determining, from the secondary bit string, decoding algorithms to be used to decode said coded audio 
packets, video frames, video planes or audio/video objects, associated to said main bit string, for generating a 
complexity information signal for each coded audio packet. video frame, video plane or audio/video object ; 
(c) allocating a decoding time and/or operating system resources as a function of said complexity information 
signal for the decoding process of said compressed audio packet, video frames, video planes or audio/video 
objects; 
(d) sending main bit string to decoding means ; 
(e) decoding said main bit string using said allocated decoding time and/or operating system resources, 
according to a decoding process and 
(f) generating a decompressed signal including decoded audio packets, video frames, video planes or 
audio/video objects. 

18. Method for decoding a digital compressed signal according to claim 16 wherein the step determining decoding 
algorithms is also based on the occurrence of use of the decoding modes and/or decoding parameters necessary 
to decode the said audio packets, video frames, video planes or audio/video objects. 

19. Method for decoding a digital compressed signal according to claim 16 or 17 wherein the step determining decod­
ing algorithms is further based on the occurrence of use of the coding modes and/or coding parameters used by 
said coding algorithms, wherein said coding algorithms and the compression syntax allow the determination of cor­
responding decoding algorithms necessary to decode each of said coded audio packets, video frames, video 

50 planes or audio/video objects 

20. Decoding method according to any of claims 16 to 18 further comprising the step of determining a decoding time 
prediction signal as a function of said complexity information signal; said decoding time prediction signal being 
used for the step of allocating said decoding time and/or operating system resources for optimizing said decoding 

55 process and or decoding processes. 

21. Decoding method according to claim 19 wherein the step of decoding the main bit string consists in 
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generating an allocated decoding time signal, 

sending said decoding time prediction signal and allocated decoding time signal to decoder supervisor means ; 
generating and sending a degradation directive signal to said decoding means, as a function of said decoding 
time prediction signal, allocated decoding time, so as to define the use of number and type of decoding algo­
rithms and degradation algorithms to be used in the decoding process of said main bit string. 

22. Decoding method according to claim 20 wherein the step of decoding the main bit string further consists in : 

generating a decoder time reference signal and a target decoding time signal, 
sending said decoder time reference signal and said target decoding time signal to decoder supervisor means ; 
generating and sending said degradation directive signal to said decoding means while also taking into 
account said decoder time reference signal and said target decoding time signal. 

23. Decoding method according to claim 20 or 21 wherein the step of decoding the main bit string further consists in : 

generating a decoding status signal from said decoding means 
sending said decoding status signal to said decoder supervisor means from the said decoding means ; 
generating and sending said degradation directive signal to said decoding means while also taking into 
account said decoding status signal. 

24. Decoding method according to claim 16 wherein steps (a) to (c) are carried out prior to step (e). 

25. Decoding method according to any of claims 20 to 23, further comprising the step of sending said complexity infor­
mation signal to said decoder supervisor means. 

26. Decoding method according to any of claims 20 to 24 wherein the step of generating said degradation directive sig­
nal consists in associating at least one degradation algorithm to at least one decoding algorithm, said decoding 
algorithm and said degradation algorithm being associated to a complexity coefficient/weight representative of the 
execution time of said decoding algorithm and said degradation algorithm. 

27. Decoding method according to claim 25 wherein said complexity coefficients/weights are dependent on the 
decoder used for implementing said decoding method. 

28. Decoding method according to claim 25 or 26, wherein said decoding time prediction is a function of the occurrence 
35 of use of said decoding algorithm and said complexity coefficients/weights according to the following equation : 

40 

45 

I 

T(t)eaaT Pred(t)=LC;W; 
i=1 

(9), 

where T is the time necessary to decode a coded audio packet, video frame, video plane or audio/video object, 
T Pred is the decoding time prediction of said audio packets, video frames, video planes or audio/video objects, ci is 
the occurrence of said decoding algorithm, and wi is the complexity coefficient'weight. 

29. Decoding method according to claim 27, wherein when the decoding time prediction is a function of the occurrence 
of use of said decoding algorithms and degradation algorithms, said degradation algorithms being associated to a 
complexity coefficient'weight. 

50 30. Decoding method according to claim 27 or 28, wherein when the decoding time prediction is greater than the allo­
cated decoding time, one uses a degradation method according to which one selects the degradation algorithm 
instead of its associated decoding algorithm according to equation : 

55 (13) 
ie ScGD ie Song 
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where, T Process is the prediction time necessary to decode a audio packets, video frames, video planes or 
audio/video objects, said decoding time prediction taking account the degradation, ci is the occurrence of decoding 
algorithm, ai is the number the selected degradation algorithms, wicGo is the complexity coefficient/weight of the 
degradation algorithm, bi is the number of the non selected degradation algorithms, and wi is the complexity coef-

5 ficient/weight, where a i +bi =Ci , so as to reach a T Process lesser than or equal to said allocated decoding time. 

10 

31. 30. Decoding method according to claim 28 or 29, wherein said decoding status signal is also used for monitoring 
the current decoding time of a coded audio packets, video frames, video planes or audio/video objects and make 
sure that said current decoding time is in conformity with the associated decoding time prediction. 

32. Decoding method according to claim 30, wherein if said current decoding time is not in conformity with the associ­
ated predicted decoding time, then said decoder supervisor means uses at least one further degradation algorithm 
defined in claim 29. 

15 33. Decoding method according to claim 31, wherein if said current decoding time is not in conformity with the associ­
ated decoding time prediction, then said decoder supervisor means further uses said complexity information signal. 

34. Decoding method according to any of claims 29 to 32 for a plurality of audio packets, video frames, or video planes, 
some of them belonging to different audio/video objects, wherein when the decoding time prediction is the sum of 

20 the decoding time prediction of each of said audio packets, video frames or video planes of said plurality, said 
decoding time prediction being defined in claim 28. 

25 

30 

35 

35. Coding system for an uncompressed digital signal including audio packets, video frames, video planes or 
audio/video objects, comprising : 

an audio/video encoder receiving said audio packets, video frames, video planes or audio/video objects on one 
input terminal, said encoder being intended to code said signal according to a compression syntax by using a 
plurality of coding algorithms, and to provide, on one output terminal, a compressed signal including coded 
audio packets, video frames, video planes or audio/video objects intended to be decompressed according to 
associated decoding algorithms ; 
means for determining statistic of use of at least one of said coding algorithms, and/or means for determining 
statistic of use of at least one of said decoding algorithms ; 
and means for generating a digital statistic signal representative of said statistics for each of said coded audio 
packets, video frames, video planes or audio/video objects. 

36. Coding system according to claim 27, wherein said statistics determining means comprise computing means for 
counting the occurrence of use of coding modes and/or coding parameters used by the encoder for encoding said 
signal, when using said coding algorithms. 

40 37. Coding system according to claim 34 or 35, wherein said statistics determining means further comprise computing 
means for counting the occurrence of use of decoding modes and/or decoding parameters from said coding algo­
rithms used by the encoder for encoding said signal. 

38. Coding system according to any of claim 34 to 36, further comprising means for generating a compressed output 
45 signal including coded audio packets, video frames, video planes or audio/video objects wherein each of said 

coded audio packet, video frame, video plane or audio/video object is associated with its statistics signal. 

50 

55 

39. Decoding system for a digital signal including coded audio packets, video frames, video planes or audio/video 
objects according to any of claims 5 to 15, comprising : 

a decoder receiving said main bit string, representative of a coded audio packets, video frames, video planes 
or audio/video objects, on a first input terminal and providing, on an output terminal, a decompressed signal 
including decoded audio packets, video frames, video planes or audio/video objects, 
resource allocation means ; 
means for complexity prediction receiving, on one input terminal, said secondary bit string, and providing to 
resource allocation means a decoding time prediction signal which is determined as a function of the informa­
tion contained in said secondary bit string, said resource allocation means providing to the decoder information 
representative of the allocated decoding time. 
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40. Decoding system according to claim 38 wherein said resource allocation means comprises an operating system or 
a layer of an operating system. 

41. Decoding system according to claim 38 or 39 wherein said decoding time prediction signal is also provided to a 
5 second input terminal of said decoder. 

10 

15 

42. Decoding system according to any of claims 38 to 40, wherein 

said decoder comprises decoder supervisor means and audio/video decoding means, 
said decoder supervisor means receiving, on a first input terminal, said allocated decoding time signal and, on 
a second input terminal, said predicted decoding time signal and providing on one output terminal a degrada­
tion directive signal, 
said decoding means receiving on a first input terminal said main bit string and on a second input terminal said 
degradation directive signal and providing on an output terminal said decompressed signal including decoded 
audio packets, video frames, video planes or audio/video objects. 

43. Decoding system according to claim 41 wherein said decoder further receive a complexity information signal on 
third input terminal. 

20 44. Decoding system according to claim 41 wherein said decoder further receive a decoder time reference signal and 
a target decoding time signal respectively on fourth and fifth input. 

25 

30 

35 

40 

45 

50 

45. Decoding system according to any of claims 41 at 43 wherein said decoding means are arranged to provide a 
decoding status signal to a sixth input of the decoder supervisor means. 

46. Decoding system according to claim 44 wherein said complexity information signal is applied to said decoder 
supervisor means. 

47. Method for composing a digital signal comprising the steps of : 

providing an uncompressed video element including video frames and/or video planes and/or video objects, 
textures, texts, 2 and 3 dimensional graphic primitives, 2 and 3 dimensional models to a composing device ; 
composing said video element with said composing device according to a composition syntax an/or a interac­
tivity information, said composing device using a plurality of composing algorithms necessary to compose each 
of said video elements and provide a representation in a common visual representation space of the said mul­
tiple elements, 
determining statistics of use of at least one of said composing algorithms for generating a complexity informa­
tion 
associating to each of said video elements its own complexity information. 

48. Composition method according to claim 46 further consisting in : 

providing an uncompressed digital audio element including audio packets, audio objects, synthetic audio 
objects 
composing said audio element with said composing device according to a composition syntax, said audio com­
posing device using a plurality of composing algorithms necessary to compose each of said audio elements 
and provide a representation in a common audio representation space 
determining statistics of use of at least one of said algorithms for generating a complexity information. 
associating to each of said audio element its own complexity information. 

49. Composition method according to claim 46 or 47, wherein to each composition algorithm is associated at least one 
composition mode and/or composition parameter and wherein the statistics is based on the occurrence of use of 
composition modes and/or composition parameters. 

55 50. Method for composing a digital signal according to any of claims 46 to 48 comprising the steps of : 

(a) reading the complexity information associated to at least one of said video element and/or audio element 
(c) allocating a composition time and/or operating system resources as a function of said complexity informa-
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tion signal for the composition process of said associated video element and/or audio element ; 

(d) sending said video element and/or audio element to composition means ; 
(e) compose in a common representation space said video element and/or audio element using said allocated 
composition time and/or operating system resources, according to a composition process, and 

5 (f) generating a common representation space including said video element and/or audio element according to 
the composition syntax. 

51. Method for composing digital video/audio elements according to claim 49 wherein the step determining composi­
tion algorithms is also based on the occurrence of use of the composition modes and/or composition parameters 

10 necessary to compose the said composition elements in a common composition space. 

52. Composition method according to any of claims 48 to 50 further comprising the step of determining a composition 
time prediction signal as a function of said complexity information ; said composition time prediction signal being 
used for the step of allocating said composition time and/or operating system resources for optimizing said compo-

15 sition process and or composition processes. 

20 

25 

30 

35 

40 

53. Composition method according to claim 50 wherein the step of composing the audio/video elements consists in 

generating an allocated composition time signal, 
sending said composition time prediction signal and allocated composition time signal to composition supervi­
sor means; 
generating and sending a degradation directive signal to said composition means, as a function of said com­
position time prediction signal, allocated composition time, so as to define the use of number and type of com­
position algorithms and degradation algorithms to be used in the composition process of said video/audio 
composition elements. 

54. Composition method according to claim 52 wherein the step of composing the video/audio elements further con­
sists in: 

generating a compositor time reference signal and a target composition time signal, 
sending said compositor time reference signal and said target composition time signal to composition supervi­
sor means; 
generating and sending said degradation directive signal to said composition means while also taking into 
account said compositor time reference signal and said target composition time signal. 

55. Composition method according to claim 52 or 53 wherein the step of composing the audio/video elements further 
consists in : 

generating a compositor status signal from said composition means 
sending said compositor status signal to said composition supervisor means from the said composition means 

generating and sending said degradation directive signal to said means while also taking into account said 
compositor status signal. 

45 56. Composition method according to claim 48 wherein steps (a) to (c) are carried out prior to step (e). 

57. Composition method according to any of claims 51 to 55, further comprising the step of sending said complexity 
information signal to said compositor supervisor means. 

50 58. Decoding method according to any of claims 53 to 56 wherein the step of generating said degradation directive sig­
nal consists in associating at least a degradation algorithm to at least one composition algorithm, said composition 
algorithm and said degradation algorithm being associated to a complexity coefficient/weight representative of the 
execution time of said composition algorithm and said degradation algorithm. 

55 59. Composition method according to claim 57 wherein said complexity coefficients/weights are dependent on the 
compositor used for implementing said composition method. 

60. Composition method according to claim 57 or 58, wherein said composition time prediction signal is a function of 
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the occurrence of use of said composition algorithms and said complexity coefficients/weights according to the fol­
lowing equation : 

I 

T(t)""T Pred(t)=LCiwi 
i-1 

(9), 

where Tis the time necessary to compose a audio/video element, T Pred is the composition time prediction of said 
audio/video element, ci is the occurrence of said composition algorithm, and wi is the complexity coefficient/weight. 

61. Composition method according to claim 59, wherein when the composition time prediction is a function of the 
occurrence of use of said composition algorithms and degradation algorithms, said degradation algorithms being 
associated to a complexity coefficienVweight. 

15 62. Composition method according to claim 59 or 60, wherein when the composition time prediction is greater than the 
allocated composition time, one uses a degradation method according to which one selects the degradation algo­
rithm instead of its associated composition algorithm according to equation : 

20 (13) 

where, T Process is the prediction time necessary to compose a audio/video element, said composition time predic-
25 tion taking account the degradation, ci is the occurrence of composition algorithm, ai is the number the selected 

degradation algorithms, w?GD is the complexity coefficient/weight of the degradation algorithm, bi is the number of 
the non selected degradation algorithms, and wi is the complexity coefficienVweight, where a i +bi = c i, so as to 
reach a T Process lesser than or equal to said allocated composition time. 

20 63. Composition method according to claim 60 or 61, wherein said composition status signal is also used for monitoring 
the current composition time of a composition video/audio element and make sure that said current composition 
time is in conformity with the associated composition time prediction. 

64. Composition method according to claim 62, wherein if said current composition time is not in conformity with the 
35 associated composition time prediction, then said composition supervisor means uses at least one further degra­

dation algorithm defined in claim 61. 

65. Composition method according to claim 63 wherein if said current composition time is not in conformity with the 
associated composition time prediction, then said decoder supervisor means further uses said complexity informa-

40 tion signal. 

45 

50 

55 

66. Composition method according to any of claims 51 to 63 for a plurality of audio/video composition elements 
wherein when the composition time prediction is the sum of the composition prediction time of each of said 
audio/video composition elements, said composition time prediction being defined in claim 50. 

67. Composition system for an uncompressed digital video element including video frames and/or video planes and/or 
video objects, textures, texts, 2 and 3 dimensional graphic primitives, 2 and 3 dimensional models, comprising : 

a video compositor receiving said video element on one input terminal, said compositor being intended to com­
pose said video element using a composition syntax using a plurality of composing algorithms, and to provide, 
on one output terminal, a representation in a common video representation space said video element ; 
means for determining statistic of use of at least one of said composition algorithms, 
and means for generating a digital statistic signal representative of said statistics for each of said composed 
video element. 

68. Composition system for an uncompressed digital audio element including audio packets, audio objects, synthetic 
audio objects, comprising : 
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a audio compositor receiving said audio element on one input terminal, said compositor being intended to com­
pose said audio element using a composition syntax using a plurality of composing algorithms, and to provide, 
on one output terminal, a representation in a common audio representation space said audio element ; 

means for determining statistic of use of at least one of said composition algorithms, 
and means for generating a digital statistic signal representative of said statistics for each of said composed 
audio element. 

69. Composition system for an audio-visual object comprising a composition system according to claim 66 combined 
with a composition system according to claim 67. 

27 

fuboTV Media Inc. 
Exhibit 1002 

Page 475



X 1cf 
3 

2.5 

2 

1 

0.5 

EP O 919 952 A1 

Akiyo H.263 128 Kbit/s 

50 100 150 

Figure 1 

28 

fuboTV Media Inc. 
Exhibit 1002 

Page 476



X 1cf 
3 

2.5 

2 

1.5 

1 

0.5 

EP O 919 952 A1 

Coastguard H.263 128 KbiVs 

50 100 150 

Figure 2 

29 

fuboTV Media Inc. 
Exhibit 1002 

Page 477



Begin 
Processing 

End 
Processing 

EP O 919 952 A1 

Figure 3 

30 

fuboTV Media Inc. 
Exhibit 1002 

Page 478



Begin 
Processing 

End 
Processing 

EP O 919 952 A1 

Figure 4 

31 

fuboTV Media Inc. 
Exhibit 1002 

Page 479



EP O 919 952 A1 

Begin VOP 
Processing 1-----

Figure 5 

32 

EndVOP 
Processing 

fuboTV Media Inc. 
Exhibit 1002 

Page 480



EndVOP 
Processing 

EP O 919 952 A1 

Begin VOP 

Figure 6 

33 

fuboTV Media Inc. 
Exhibit 1002 

Page 481



EP O 919 952 A1 

x 1 cf Akyio Back. 64 Kb/s 
3 li::sam1.--rT.....-,r,1n,-,1""illl'I 

2 

1 

0 . . 
4105 100 200 

4 Akyio Back. 128 Kb/s 

2 

0 . 
(k 105 100 200 

6 Akyio Back. 256 Kbit/s 

4 ~ """'ll...,·1 .,....,.,..~ 

2 

2 
x 1 cf Akyio 64 Kbit/s 
l~u J. ... ,..,__..,..~.....,.l"I 

1 

o••••III 1.LIIIIA.l...lJ 

4105 100 
3 Akyio 128 Kbit/s 

2 ll'l""rlnM~11,•,..-.-,n 

1 

100 

Akyio 256 Kbit/s 

2 t.llMf\-t' -· -.=.i.-.~-

1 

200 

200 

0 L....M...,.1.......,_.._.,...,_---· _ __,. Oa-====--==------~---1• 
0 100 200 0 100 200 

Figure 7 

34 

fuboTV Media Inc. 
Exhibit 1002 

Page 482



EP O 919 952 A1 

Bream Back. 64 Kb/s Bream Fish 64 Kb/s Bream Back. 128 K/s 

4 ~..-. ..-1.--,.- -

2 

1.5 

1 

0.5 
2 

o----- o~------ 0-------
0 50 0 50 0 

x1d x1d x1d 
2 6 2 

1.5 

1 

0.5 

4 

2 

1.5 

1 

0.5 

50 

O'-"'-=~-.-. o-----=-==-- o-----------
0 50 0 50 0 50 

Bream Fish 128 Kbit/s Bream Back. 256 Kb/s Bream Fish 256 Kbit/s 

Figure 8 

35 

fuboTV Media Inc. 
Exhibit 1002 

Page 483



EP O 919 952 A1 

Coastguard Background 64 Kb/s 

40 60 80 100 120 140 160 
Coastguard Small Boat 64 Kb/s 

5 ,,--,. __ ,.._ 
0---+--_,__ ____ _..... ______ ..____~-----,__.____,J 

1
0(1. 10 20 40 60 80 100 120 140 160 

:f . 
4 

().. 10 20 40 60 80 100 120 140 160 

2hmn~n:~~nnn~~~~ Q= I 
0 20 40 60 80 100 120 140 160 

Figure 9 

36 

fuboTV Media Inc. 
Exhibit 1002 

Page 484



EP O 919 952 A1 

x 1 o5 Coastguard Background 128 K/s 
4 

2 

20 40 60 80 100 120 140 160 

5 
Coastguard Small Boat 128 Kb/s ,_.,..,---.. 

0
~ 10 20 40 

10 
60 80 1 00 120 140 160 

5 
Kb/s 

40 60 80 100 120 140 160 
Coastguard Water 128 Kb/s 

2 
0 .__ __________ ...._ ____ .......__ _ __, 

0 20 40 60 80 100 120 140 160 

Figure 1 O 

37 

fuboTV Media Inc. 
Exhibit 1002 

Page 485



EP O 919 952 A1 

4x 105 Coastguard Background 256 Kb/s 

2 
I r-"'t.~~ •~ ,.,,.,..,_ ,.~ o....___.....--. ___ ____. ______________ ___. 

() 10 20 40 60 80 100 120 140 160 
1 O Coastguard Small Boat 256Kb/s _,._ 
5 

0 '----.,...---JL---..IL.------L---.L-----i.---i..----___,J 

10~ 10 20 40 60 80 100 120 140 160 

5 
bis 

40 60 80 100 120 140 160 
Coastguard Water 256 Kb/s 

2 

0 ~______.L...----.1---------.1.--..&.----l,.-----___,J 

0 20 40 60 80 100 120 140 160 

Figure 11 

38 

fuboTV Media Inc. 
Exhibit 1002 

Page 486



VOPn 

EP O 919 952 A1 

Bitstream Compressed Video Data 

VOP 1 0100101001000111001010111110100001000010011 

VOP2 I 01001010010 001110010101111101000010000100111 

Complexity Information 
Hea:ler 

01001010000 I 
01001010000 I 

VOP3 I 010010100100( It 1 1oo10101111101000010000100111 01001010000 I 
-..... -- . --- ..... -. .. . . . --·--·-·····--·---·--~--·---·--·--··--·--·--···-· . .. . . . 

--------·-·····- ... ---· .. . .. ••••••••••••• •-•••••••••••••••••••••••••P••••••• -- . 

I 01001 OlOOl()oo,11 IC bl< 10 1111010000100001001 I 0100101ooop : t 
! ...... , 

' j :cJmplc xit Inf< lrmation 
.. 'Ir , I, , ,. 

Decoder or 
Complexity 

Decoding Process Prediction Unit 
,~ 

Decoding Time 

Allocated Decoding Prediction (TPreti 

Time (T Alloc) 

~ 

' 

Decompressed Video Objects REal-Time OS 
Resource allocation 

Figure 12 

39 

fuboTV Media Inc. 
Exhibit 1002 

Page 487



EP O 919 952 A1 

CONSTRUCTION OF THE COMPLEXITY HEADER BY THE ENCODER 

Uncompressed Video Sequence 

Coding Algorithm/Mode/Parameter 
Occurrence Measures 

Video Encoder 1----,------1 ... ~I Mod/Par l 11----------. 
I I 

I 
Mod/Par 2 I 

I 

~ I Mod/Par 3 I 
r I I .__ ____ _, 

.... ···► 

,__ ___ HI Mod/Pam-I L 
r l..________.1 

.. I Mod/Pam h 
l,_J, 

l 
01010001010001111010100,01010,o,ooto11l 0100100: 010010 ............. : 00010] 

►tatistics of coding 
~gorithms, coding 

n lodes and associated 
l:oding parameters 

7 ' 
000101 110100 I 

Compressed Video Frame 
or Video Object 

Complexity Information Header 

Figure 13 

40 

fuboTV Media Inc. 
Exhibit 1002 

Page 488



Decoding 
Time 

Prediction 
(Tp,,J 

Allocated 
Decoding Ti 

(TAil) 

me 

y Complexit 
Informatio 

Header 
n 

EP O 919 952 A1 

Decoder Time 
Reference ( T ) 

re 

Target Decoding 
Time (Tra,g), 

' 
. 

Video Decoder 
Supervisor 

' 

Computational Graceful 
Degradation Directives 

Figure 14 

41 

. 

Bitstream Compressed Video 

Decoding Status 

Video Decoder 

~ 

Decompressed 
Video 

. 

fuboTV Media Inc. 
Exhibit 1002 

Page 489



Begin 
Processing 

End 
Processing 

EP O 919 952 A1 

Figure 15 

42 

fuboTV Media Inc. 
Exhibit 1002 

Page 490



EP O 919 952 A1 

Figure 16 

43 

fuboTV Media Inc. 
Exhibit 1002 

Page 491



EP O 919 952 A1 

coast back 128Kbit/s PSNR 

:;J ~mail ~,os~R 

0.: I A.~I 
4i~~s~ 

:::[ J11~M. 
<wast~sP~W 

0.4M 
0.2 ,~ 

0&..&..&. ............ ...__ ___ _ 

0 100 200 

Figure 17 

44 

fuboTV Media Inc. 
Exhibit 1002 

Page 492



EP O 919 952 A1 

coast back 256Kbit/s PSNR 

:i sMall~KbWs ~R 

~s~ ~, 
~ast-sP¥BIJ 

0.51~.u~ 
o~ehM 

0 100 200 

Figure 18 

45 

fuboTV Media Inc. 
Exhibit 1002 

Page 493



(t····················· 

EP O 919 952 A1 

Demultiplex Syntactic Decompression 
Decoding 

\ ... 

·--•--t ·•'j', t 
~ ·--.. ••➔ 

Q 
~.1111-

i --•---4 
... .. • ·--·-..., 

Elementary Syntactic Primitive 
Streams Decoded Streams AV Objects 

Scene Description 

i.. (Script or Classes) 

~ 
Composition 
Informations 

Composition and 
Rendering 

. . 
Audiovisual Hierarchical 

Interactive Sceiie 

. . 

~--------...:U::Jpt:.:s:.:tr:.:e:.:a:.:.m:..:D=at:.:a ____________ .... lALl•: •: 
(User Events, Class Request, ... ) ~ 

kl';::::::=:::!!!!!!'!!!~~ 
Display and User Interaction 

Figure 19 

46 

fuboTV Media Inc. 
Exhibit 1002 

Page 494



EP o 919 952 A1 

Composito 

Decoder 

Figure 20 

47 

fuboTV Media Inc. 
Exhibit 1002 

Page 495



hierarchically multiplexed 
downstream control I data 

hierarchically multiplexed 
,:stream control/ data~ 

EP O 919 952 A1 

audiovisual objects 

Figure 21 

48 

fuboTV Media Inc. 
Exhibit 1002 

Page 496



Category 

E 

A 

A 

EP O 919 952 A1 

European Patent 

Office 
EUROPEAN SEARCH REPORT 

DOCUMENTS CONSIDERED TO BE RELEVANT 
Citation of document with indicabon, where appropriate. 

of relevant passages 

EP O 866 426 A (ALSTHOM CGE ALCATEL) 
23 September 1998 
* abstract; claims 1,5,6 * 

EP O 512 174 A (SEMAPHORE INC) 
11 November 1992 
* page 2, line 40 - line 43 * 
* page 3, line 32 - line 36 * 
MATTAVELLI M ET AL: "Computational 
graceful degradation for video sequence 
decoding" 
PROCEEDINGS. INTERNATIONAL CONFERENCE ON 
IMAGE PROCESSING (CAT. N0.97CB36144), 
PROCEEDINGS OF INTERNATIONAL CONFERENCE ON 
IMAGE PROCESSING, SANTA BARBARA, CA, USA, 
26-29 OCT. 1997, pages 330-333 vol.1, 
XP002080307 
ISBN 0-8186-8183-7, 1997, Los Alamitos, 
CA, USA, IEEE Comput. Soc, USA 

The presenl search report has been drawn up for all claims 

Relevant 
to claim 

1-68 

1-68 

Application Number 

EP 98 10 9423 

CLASSIFICATION OF THE 
APPLICATION (lnt.Cl.6) 

G06T9/00 

TECHNICAL FIELDS 
SEARCHED (lnt.Cl.6) 

G06T 

I 
Date of completion of the search I Examiner 

S THE HAGUE 12 October 1998 Pierfederici, A 
~I---------------J--------------'---------------1 

Place of search 

ill CATEGORY OF CITED DOCUMENTS T: theory or principle underlying the invention 
8 E · earlier patent document, but published on. or 

X · particularly relevant if taken alone after the filing date 
~ Y · particulany relevant d combined wtth another D : document cited in the application 

document of the same category L · document cited tor other reasons 
~ A : technological background 
_ 0 : non•written disclosure 

....................•.... 
& · member of the same patent family, corresponding 

document ~ P : intermediate document 

~----------------------------------------· 

49 

fuboTV Media Inc. 
Exhibit 1002 

Page 497



Electronic Acknowledgement Receipt 

EFSID: 36433920 

Application Number: 16252356 

International Application Number: 

Confirmation Number: 8631 

Title of Invention: 
APPARATUS, SYSTEM, AND METHOD FOR MULTI-BITRATE CONTENT 
STREAMING 

First Named Inventor/Applicant Name: DAVID F. BRUECK 

Customer Number: 70560 

Filer: Brett Carlson/Julie Graf 

Filer Authorized By: Brett Carlson 

Attorney Docket Number: 066.0141 Xl CS 

Receipt Date: 27-JUN-2019 

Filing Date: 18-JAN-2019 

Time Stamp: 15:33:28 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $240 

RAM confirmation Number 062819INTEFSW15355300 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

fuboTV Media Inc. 
Exhibit 1002 

Page 498



File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

618167 

1 
Information Disclosure Statement (IDS) 20190627 _IDS-1 _066-0141 Xl C 

no 22 
Form (SB08) 8.pdf 

83fa2345111e24af07a1e2f586Sd3ecbd812 
8ac4 

Warnings: 

Information: 

531168 

2 
Information Disclosure Statement (IDS) 20190627 _IDS-2_066-0141 Xl C 

no 8 
Form (SB08) 8.pdf 

6316bca51 fe8cf7b9684f5ab62b8c94Sb0a5 
e7fc 

Warnings: 

Information: 

227439 

3 Transmittal Letter 
20190627 _IDSCert_066-0141 X 

no 1 
1C8.pdf 

efab76b4c7fe4a8492ded8b6ad9b2fa7442 
d2629 

Warnings: 

Information: 

1503485 

4 Foreign Reference CA2466482A 1 .pdf no 42 
c866a2b6c8e5f6966e9cca39bffff0b4Sb2ea 

Ob2 

Warnings: 

Information: 

2283304 

5 Foreign Reference EP0919952A l .pdf no 49 
9233 a9 3 ab4caa e3 0997 4a4e64 75 cS b54 3 a9 

06d93 

Warnings: 

Information: 

1169542 

6 Foreign Reference EPl 202487A2.pdf no 21 
e3961 cl 3249effa8Sf97034caddedff4dbed 

77d 

Warnings: 

Information: 

fuboTV Media Inc. 
Exhibit 1002 

Page 499



564750 

7 Foreign Reference EPl 298931 A2.pdf no 9 
17988c97c90278abafab90acccb307ac1 33 

a832 

Warnings: 

Information: 

430935 

8 Foreign Reference EPl 395014A l .pdf no 11 
Sbd3cb3cce066c412e84ceb0db00Sd86eb 

13605 

Warnings: 

Information: 

2755428 

9 Foreign Reference EPl 670256A2.pdf no 43 
c56ab908b009cc2e63418387ee77d04d92! 

SSeOb 

Warnings: 

Information: 

549893 

10 Foreign Reference EPl 777969A l .pdf no 9 
e 1 5 83 2faf97a870cbe3 e 7 4fb08ab268c87af 

eel 

Warnings: 

Information: 

1022882 

11 Foreign Reference GB2367219A.pdf no 24 
4b911 a530138606f2eb7560e498206Sed5c 

fef6d 

Warnings: 

Information: 

9449147 

12 Foreign Reference JP2001092752.pdf no 12 
311 Sb20d4cc1 a9898d8742728f2946d9e91 

da1b7 

Warnings: 

Information: 

2693988 

13 Foreign Reference JP2011004225A.pdf no 11 
c96187633b 1948096c41 bf2f2558ceb9407 

c945 

Warnings: 

Information: 

fuboTV Media Inc. 
Exhibit 1002 

Page 500



511563 

14 Non Patent Literature 
NPL_Fujisawa_lmplementation 

no 10 
OfEfficientAcdess.pdf 

91dff14Sbd502cbcca 14ed40adf4002af21 a 
bab7 

Warnings: 

Information: 

7958674 

15 Non Patent Literature NPL_Guo_DirectStream.pdf no 22 
612e3ca 1 a57a5f239df3d 1 d3 d323Sb392d4 

7e87b 

Warnings: 

Information: 

6407225 

16 Non Patent Literature 
NPL_Kozamernik_MediaStream 

no 15 
ing.pdf 

7f5c49521521198a912e04f054f840Sed84f 
9614 

Warnings: 

Information: 

11245900 

17 Non Patent Literature 
NPL_Lienhart_DistributedVide 

no 29 
o.pdf 

37342a4029d40ede417d9409Sbbd90befa 
4931d5 

Warnings: 

Information: 

5897378 

18 Non Patent Literature 
NPL_Liu_AdaptiveVideoMultiec 

no 12 
st.pdf 

6d 1568a81 0d08f4e566bfcc4 b02748abfa4 7 
1b64 

Warnings: 

Information: 

3252815 

19 Non Patent Literature 
NPL_Rejaie_ArchitecturalConsi 

no 6 
derations.pdf 

d 63 8402b4 b84 964 3 53 e 12f7 de0a6d c071 af 
47d63 

Warnings: 

Information: 

21958041 

20 Foreign Reference JP2000201343.pdf no 14 
852daf4ae4a533b5a36984e992609dbc888 

Sbebb 

Warnings: 

Information: 

fuboTV Media Inc. 
Exhibit 1002 

Page 501



21 Non Patent Literature 

Warnings: 

Information: 

22 Non Patent Literature 

Warnings: 

Information: 

23 Non Patent Literature 

Warnings: 

Information: 

24 Non Patent Literature 

Warnings: 

Information: 

25 Non Patent Literature 

Warnings: 

Information: 

26 Foreign Reference 

Warnings: 

Information: 

27 Foreign Reference 

Warnings: 

Information: 

NPL_Roy_SystemArchitecture. 
pdf 

NPL_ Tsuru_RecentEvolution. 
pdf 

NPL_WeblioDictionaryPgs.pdf 

NPL_Xu_PeerToPeer.pdf 

NPL_Zhang_CoolStreaming.pd 

WO2001067264.pdf 

WO2004025405.pdf 

2812918 

7e9c5ee1 7749c1 8ea0bd37428a2cfaa78b6 
2fddc 

1522645 

c5225e2e26324cd4 748599f075321 0c21 c4 
7441b 

525676 

eec0a963413300c3b5fb79ab7eacbae5566 
6efc2 

4454232 

01 dcd4f73c5fcba31 a2d951 f592bf59eaebc 
a748 

293506 

79257b4aeb9b951 0bf46f97c437f9128Sab 
b9784 

1561090 

14ea9fe21f267 c3 263 65 64e0783 Sfe 52 4ece 
3c8 

825266 

el 60c7648ab3c92ae53aad7efe41ffe5c6b0 
ebc9 

no 6 

no 9 

no 3 

no 10 

no 14 

no 41 

no 20 

fuboTV Media Inc. 
Exhibit 1002 

Page 502



5663204 

28 Foreign Reference WO2006010113.pdf no 118 
6e292580427daf9fc8f1 7d85 c0318e226cf0 

bd6a 

Warnings: 

Information: 

2524324 

29 Non Patent Literature 
Huang_AdaptiveliveVideoStre 

no 11 
aming.pdf 

d11 b5abc7e3870ffc0f0d6176396674bdbb 
8c7a 

Warnings: 

Information: 

232474 

30 Non Patent Literature 
Krasic_QoSScalabilityForStrea 

no 10 
medMediaDelivery.pdf 

63f916fa208fe954d7b1 Sa25ec0c3c3ec7c3 
704b 

Warnings: 

Information: 

288035 

31 Non Patent Literature 
Krasic_Quality-AdaptiveMedia. 

no 10 
pdf 

2c5a 1fb 17fd9783462bcea4b 14497ec7642 
909b 

Warnings: 

Information: 

1436896 

32 Non Patent Literature 
NPL_Albanese_PriorityEncodin 

no 36 
g.pdf 

40ea8d1 dc311303a58036aa6803271 aebee 
c3986 

Warnings: 

Information: 

631194 

33 Non Patent Literature 
N PL_Bi rney _Intel ligentStreami 

no 7 
ng.pdf 

0d23a6e6Sccfb6f0463367759c3f890f0a55 
6cc 

Warnings: 

Information: 

172934 

34 Non Patent Literature 
NPL_Clement_MoveClosesFun 

no 2 
ding.pdf 

c6Sa31707Sd6d88f73613f212b13b4e0964 
6ea79 

Warnings: 

Information: 

fuboTV Media Inc. 
Exhibit 1002 

Page 503



35 Non Patent Literature 

Warnings: 

Information: 

36 Non Patent Literature 

Warnings: 

Information: 

37 Non Patent Literature 

Warnings: 

Information: 

38 Non Patent Literature 

Warnings: 

Information: 

39 Non Patent Literature 

Warnings: 

Information: 

40 Non Patent Literature 

Warnings: 

Information: 

41 Non Patent Literature 

Warnings: 

Information: 

NPL_Goyal_CodingCompressio 

n.pdf 

N PL_Li u_PeerToPeerl nternetVi 

deo.pdf 

NPL_MoveNetworks_NextGenE 

ration.pdf 

NPL_Nguyen_MultipleSenderD 

istVideo.pdf 

NPL_On2Technologies.pdf 

NPL_Pathan_ContentDelivery. 

pdf 

NPL_Puri_SourceCoding.pdf 

4353461 

78149b 1 c9bf070e64d21f2a37ba8f1 d66db 
d4Sff 

1125709 

1 d bfd79834 20ecb8f6894 3 b053 9a4d 34404 
SfSfb 

1128862 

446af274461 f93a7d60548a003fcc1 7a6c5e 
4a0f 

1053500 

af974412420b4c476c2c59e0e76443e 1714 
1b1bb 

887186 

cc8df69d3dd6cc62a111 dc6d213c583e068 
3bc58 

3819974 

bd517be17fd62cd8c811c76a32b0a4Sda22 
30af0 

395947 

bdd0ea033a2ab94cb2477b4e4b363bde71 
280a6e 

no 20 

no 12 

no 21 

no 12 

no 13 

no 44 

no 5 

fuboTV Media Inc. 
Exhibit 1002 

Page 504



4017078 

42 Non Patent Literature 
NPL_Wicker_ErrorControlSys_P 

no 85 
artl .pdf 

0Sa44138df970b54e4654a8e826e77ee311 
1a734 

Warnings: 

Information: 

4003752 

43 Non Patent Literature NPL_Wicker_Part2.pdf no 81 
9af8bc8ca3ee2444a65208263b78Sffdf6f0d 

142 

Warnings: 

Information: 

5167479 

44 Non Patent Literature NPL_Wicker_Part3.pdf no 89 
ca519c14ff8af1 3af6d79085869623Sa433b 

fee 

Warnings: 

Information: 

8345160 

45 Non Patent Literature NPL_Wicker_Part4.pdf no 95 
4e2a64c21ea5974a4a96928ea79904151 b3 

1b1a3 

Warnings: 

Information: 

16458768 

46 Non Patent Literature NPL_Wicker_Part5.pdf no 91 
9c07a 14 f8208b3 8c97d 2 7b 7 d 16e 13 9 b2 40d 

12c4f 

Warnings: 

Information: 

12015062 

47 Non Patent Literature NPL_Wicker_Part6.pdf no 68 
7d72bb382aa4c68c0f1 ed8169dadd6689aa 

f1fe2 

Warnings: 

Information: 

378918 

48 Non Patent Literature 
NPL_ Yoshimura_MobileStream 

no 20 
nigMedia.pdf 

aac54a2603ed446586676ed 16c15022af1 a 
c1eb 

Warnings: 

Information: 

fuboTV Media Inc. 
Exhibit 1002 

Page 505



1119882 

49 Non Patent Literature 
Walpole_APlayerForAdaptiveM 

no 12 
PEG.pdf 

ddb4cc0ec5db2c359797f0d721 cff1 94e6c1 
b91d 

Warnings: 

Information: 

30621 

50 Fee Worksheet (5B06) fee-info.pdf no 2 
9ee0a5 5285621 005609eaaaa90ced b 7 dd 31 

faaab 

Warnings: 

Information: 

Total Files Size (in bytes) 168277477 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Agglications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Agglication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Agglication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 

fuboTV Media Inc. 
Exhibit 1002 

Page 506



Searching PAJ 

PATENT ABSTRACTS OF JAPAN 

(11 )Publication number : 2000-201343 
(43)Date of publication of application : 18.07.2000 

(51 )Int.Cl. H04N 7/173 

(21 )Application number : 11-000497 
(22)Date of filing : 05.01.1999 

(71)Applicant: TOSHIBA CORP 
(72)Inventor: CHIJITANI MASAHIDE 

Page 1 of l 

(54) MOVING IMAGE DATA REPRODUCING DEVICE, MOVING IMAGE DATA DIVIDING DEVICE 
AND RECORDING MEDIUM READABLE BY COMPUTER IN WHICH PROGRAM IS RECORDED 
(57)Abstract: 

'''' ,,J 

PROBLEM TO BE SOLVED: To enable random access to 
moving image data without changing a server function. 
SOLUTION: A moving image data reproducing device with an 
index information receiving means 6 to receive index 
information to be generated by relating plural pieces of 
divided data to be obtained by deviding the moving image data 
to its reproduction time information by requesting the 
information to a server. a divided data receiving means 7 to 
receive the divided data related to reproduction time 
information at the reproduction time information to which 
starting of reproducing is instructed and afterward by 
successively requesting the information to the server by 
referring to the index information received by the index 
information receiving means 6, a storage means 9 to store the 
divided data received by the divided data receiving means 7 
and a reproducing means to successively reproduce the 
divided data stored in the storage means 9 according to the 
index information received by the index information receiving 
means 6 is provided. 

.}. .~'.'-:' I . f',),.f" ;;: 

t """' ] ,, 

http://www19.ipdLinpit.go.jp/PA 1 /result/detail/main/wWT7iqaDA412201343Pl .htm 2012/11/07 

fuboTV Media Inc. 
Exhibit 1002 

Page 507



(12) ~ lffl ~ ff ~ ffl (A) (11) !"'1ifl±!Wi~OO#-ft 
~lffl2000-201343 
(P2000-201343A) 

(43)~00 8 lfi.jjtl2&f- 7 fl 18 S (2000.7.18) 

(5l)Int.Cl." 

HO 4N 7/173 

!11,yWfljZ 11 - 497 

(22)/fifftS ¥J:i.!Ul&f- 1)'J513 (1999.1.5) 

FI 
HO 4N 7/173 

(71)li:11!.A 000003078 

630 

r-'?J-VC~) 

5C064 

t4ra:~:IDtlz 
~~JIIM\-Jll-m~I.K:!ii!Jllll!f72-ffiJt!! 

(72)~1fli!f =f.J:t~ -~ 

~~9m*zlllfl#AA ~A~1Uz 
~i:pI:f&~ 

(7 4) «;~.A I 0005&179 

#:ffl!± ~u lit~ <M- 6 ~) 
F::$7-b(") 5C064 BA07 BBI0 BC16 BC20 BC27 

BD16 

(54) (~00©:tr~J IIJJtlllll':'r-YM~~Jfl:&0:IIJJM-/j-r-::$75:tilf!J~Jfl:MtO:l::1O J/'7b~~ii\ L,tr:.:1 >I= :1. ->1~JJ. 
mt I) pJfmt.J:tt!.~flti: 

(57) [fil!W1) 
(iJ!/i'fi) +.r-1<;o)~g~~iJ!I~t0 c. UJ: <, iJJf~jf~-f-­

lJ.OJ5::; !JL YI;,{: ;:z~rif/-Jl§tc 9· 0o 

(WHR:T-1'£] fil;ry[iffl{~-f- lJ. h"'.lJ'.trJ 2: :tl t 1f# G :tV$ i11tJo) 
'.lJ'iffl'f-5 t -'tO)l'fVtAirM'tM[stt;z-rW!~Hi:J-t {tftt2: tl 
01 ':/·'? 'i l_7 :<Jil{ftHr, +r-1·qz:~:.R G t~ft'1't 0,1' ':/ 
-f'-:; :7 ::Z'l1HfJ~fffi TfQ t, ~½;~1 ':/-r'-:; JJ 7:l'fi'#R:W:frlf 
f!itz:~it~2::tltc-1 '/-f'-:; lJ ::Z'i'Mffi;z-¥ML, JJIVH?!/if}7<r 
tfciJF 2: :t1tcl]J~{-:Jl/}M'i'tfrlltJJ~O)J]}~t.mr=~1J'!Ml~k: OO;filNt:J­
G :tl re 5Hvl'f-JJ ~-lJ'-1 , ic:11&~)):~:oR G -r ~ft'1't 0 51111J 
-f'- :$1 -~ill H!J: t , "¼ ;tMJ WJ-f'- :$1 -~filfH tz: "?t tt t :t1 
tdHAf-r'-IJ ~fic·fng ,;$fict&J:~~ t. ,-r ::;-f' •:; :7 :zJ~#l 
~filJ:ffl~~fil~hk,i''/~o/lJ::Zfflffl~Gk~~-c, 
8c·tlkf-f~tcfE·llt~ n T v 1 05tli'IJ·Y.::-:$< ;z,/l~i>XW:'t ~ tr 0 
iW±:J:ffl t~Hiiili Gtcml1\iJJ1f®<-f'- :>1 VHt~®'.7<rt'iHJtt 
0o 

douga000006. 

LJ 

(a) 

douga000009. 

LJ 

(b} 

fuboTV Media Inc. 
Exhibit 1002 

Page 508



[41Jt;1rJ3,J<O_)i[ltffHJ) 
rn1:1:-tzri11 J !WJUliif%~-f'->1b15-1if1Jtn--c1~Gi10ti~ 

0)5-Y,t1)T'-5 t {-~1-ftlOJN-:':t.ff1r~!]'flti'~U'. ~f~J}IBHlt--C 
~u&t t10,{ :,;-f'-y 'J ::z-:tft'¥1ft, +r-1,;ic¥l!~Jn., -c~W:fi1 
-r 0-1Y-r',y1;77-·iwffDzfWi+i~t, 
Mrnf1 ff\y 'J 7-·l'ij{iR~lliJ:~tc:W:f§t nt::A :---'-f'-y 'J 
7-tMtHc ltcb'--:J T, fWfJJi1Y&l~tfor;t nt::JW-tflc,\=t!JNt 
¥RR -U-=to)f~o)M~tmrtl!'trHliic l!klifilf,Ht G 11tdtl!J-r'-
1 ~' i]"-1\(C:)lljl;/1{JJJH< l, T·fl:frtt 0;}-;t(IJ-r'-7~/tl:f: 
Wit, 
Mrn~51;J(IJ-f-7~fflf-f1t!c:J: -::i T:¥1:f§t ntdn:rJ-f'-5 
~i2ti~t 0 i2tl =H~ t, 
rJ{JJ2~2t~ f·ffe!J: /C: J2tlt ¢ t1Tt.\05-J'.t!JT'- 5 ~ )lifj;/,1: 14-'t ¢ 

-l± 0 ~Wt.f·ffe!J: t ~ Hfim Lt: Ct ~iH'tt t ·r -5 ff1illlif%~-r·­
)l {fJ/t~IiL 
rn~.:-1<.lfl 2) J~;f<JJt 1 J2if~c!)JJ1/llliftt'f'-:'-J :PVt-}lmttc 

:t6t.\-c 
rri1&2n"tilff'-70)$fft~-tt-;,;fz::~3-l<L-cb 1 G, c O)n 
~~-~~~m-r0f~O)~M~m~-r0qoom~+n 
~HJmL, 
rrir&2n'-tilff'- 7 ~/jf:fQ(i, lli;1~Ui1tIBm~'HlHC: J: -::i -c 
tffi~t ntd}ljfffj t l:f(a:'rrU UJ!H1JJ5}0);}t!J-J'-5fJ1rJ/i~2i2 
tii+flzfi:~2'iit il Tv \fJ:v \ttJfHz::, Mfi~2-1 Y-f'-y :7 7-'tw 
¥~le L t::.f!" ~) T+J--;->;fz::5-)"!f!ff'-1 ~~3,J< L, 
iJ!Ji2¥!'f.±f.flHi, \111i2n#F1cllfit:Ji:'.=f-lill:fc J:: ~) Tfit:'.iEi!tLt::. 
ff1it11J t lf l:flli] C lfiffffj7)'u)7f,t1JT'-Y if~iT§2ff2t@-f:W:1'.tc ri2 
t<1t'2" nt::.±~t;-ic, c o),~2,~1t+rn1z::J2tifilt nTt \:si 5Yt;1jf' 

(2) ~~wm2000-201343 
2 

~0~±+~t~~-L~Ct~~mt-r0~~-~-
5 iiJ±°W1ffo 
rnitRrii 4 J rrrr::J<rr{ 3 rrc~O)filfliiffl(g~-f'-1f3J±*/mz:: 

Hu·i25-y;1J7'-:9:~ffFHJ!tt, ~ui21t1JtuHffi:@'.+WJt:1fli'.iE'.t 
tltclflirdl t mtrm t:BlFa95tO);}';tl!j7'-:9 b'-1~fiJ2l2ttJ:m 
:z:: ff2t{£ t n --c 1✓ \ t: ti \ rJJf:i-tc:, 11fiff2-r'-1 m1Rf. BHc: J: ·:) 
--CmtRt n --C\i)0~1JfjO);i'liJ-J'-Y~, r)fiJY::{ y7'',;, 7 
A'trHlitc L t::.fJ)-::i -c f11iil2+r-1 \(C¥1!:-:R L, 

10 Mu·t2:rvt J: WW:. ~ui12ffc,¥f%1Htt£ t-mrc: J: -::i c 110i: ~ ntc 
ij{jfh9 t /fl:ffn] t: E!1%95J-O);}';il!J7''- :$tb"ffu'ff2l2ti=f:mt:fr2 
~t ntct~fi'li:. C OJiJ2tiJ:mtc.:§2'1it t1 --Cv 1 0;J-)!j1J·f 
-:$lO)JWt.~tli19&rt0 C t~~1H"c&t-r 0WJIDJifj-f'-~jij 
~t!~t1ic, 

Gll1/::RJJl 5 J JJJilllifi'f'~- J JJ::t:%l~Mc5-}tiJ LTt!tW{0);1' 
Wfl!i~'-7 ~~tfiX L, ;f)•'Jl1frnc:tt11$!:0)nfi!J·?'-:$t t c 0)5t 
~J-f'-70)W'cU1ift1rn1r¥1n ~f%1JffiHttt::.1 /7'1/ 'J 7-Nr 
y.f}~{t_15X:9 0 !JJJ[@{f§ff'- :)l )J\~fj~mfo 

rnttUJi 6] WJ1@i{tr?'-7 t;tnlfflt nT1ti\Gn-5 Mlft 
20 0)7J\§IJ7-5 fi: 'Jl \--C fr;.izs:iilik½tiJ)~JJ: 0f!I~O):ffil~IJ~:':t. 

fiX l,, L O)ff'i~O)ffi17jljO):&½'irJ-:?'-7 ~t:/1·f:/10)~1j:: 
U!fWH'Mhliz::fm;f!Wttc 1y-f\y177-'fwfi~±l5X:9 0!!ff1i~u 
~7'-7 )jijlj~jfio 

rnfiJUJi 7) ::J > 1:::'.' .1 -7 iC, 
!WJ@i~T-5b)iJWJt ZlTt~ G :h0rJl~0)5}liJ-f'-J t 
{-n~nOJ~±ff1r~fflfflt~OO~H~--c±fiXtn:si-1Y 
-r'-y 7 :.:Z'i'nW~, +r-1\t:i!::J< L, T-:;zf;]<J-0-{ >-f\y 7 

->< O)fWt~f;f.Jl!iJ--t 0 ct ~tH~t--t 0!lfhi~iH~r--:'-JN 7-'hfrfif~{W,a/itt, 
J:_*1ff0 ,,½l~-1 YT'Y 'J 7-·lff.i'ff~{iJ~rJ!§f;:: J: ·J --C~ft;~t tltc{ Y 

rnj!i;J<rf{ 3) WJigjH~-f'-YfJ,511(11'2" tl Tfy}c)rl0t!Ht<'. 30 -f'-;, J:J :.:z,,Mrxrz:: Lt::.fJ1-::i -c, rttrimM~:fl'Vi~~ ntdWt 
O);}i!fiff'-7 tc ~_)(., 'L {i~iHIJ:1tb1~fltJ: 0 ~fJO)fi:iliJiJt:':t. n1=tiJ'N11tU&U{-O){i,:O)fl}±lf1Jt!J'lt{!Rt:mJillH0tJ· GtltdJ 
f&'2":hTli\0±J%&tc, c:.o)rtWxlilllJ!JuJ!9'5HW-r'-5 !::t 
tl ·fnuJffi-'trRH;rJ'tMli t ~ri1~11it--c {t.1&~ t10 1 >-r' 
';t 'J 7-·1M1R~, ·,t-.1,tc_fil!::..RL--C~fffi~n-s,{ -;_,;-f',y ,':J _A, 

'i'Mici~m =Hlt t, 
~u~25-J'\IJ!j-f'-J O)ilii~i~iJ"-1\/C~:J~ L --CfJ1 G, C 0)5} 

t.1JT-'.J ~,f!:fftt 011:o)H\YIT-Wf:tif.,J.:9 0ffc,¥F,Ilt!t1i:J:n 
t, 
3ct1fJ1HilHfHl.:Tmu:J: -::i --Ctitkt nt:ffc1HtlH:}k5t. 1 T, 
~:-:R~t 0 1TfniJ-f'- :7 cT)flj!Jj!j ~~tftt 0 1Tf\l;r)T'- 5 ;fil!tR + 40 

Twclc-11/-f',;1 :7 ~'[Wtrl~f/VH!!IC:~ft~t1tc-1 >7'\y 7 
A'irHl~/L Ltcb)-::i l, JcW+:.rJ~ltlli~tf'i~~tltcifj{{-=_f}/j~IJ'i'ft 
f1~& U{-O)yf1,')+Wtfr/f~IJi'~$Utz:: ~J/1\{J~t Gt1, ,b)•_-::irmii2 
l,-j';lJ!JT'- 9 iitlRH\i:fi: J:: '_) -c;mR t trn 1 0 :ffi:j}:/ljO)j};t!j 
-J'-1 ~, -tr-1\(Z::/iflfXfili.:-1<LT~f2l'9 -55JtlJ-f'-Y~ 
1i¥rnt, 
~~½'i1J-r'- 9~f~I+rnrz:: J: ~-> c~fg~ t1.tc5t~J-?-:'-J 
~t2t~·g 0 ;1c'lz'-H'l t, 
fJfi~2~2'!'1'\'.f-f&fc~2'fiit'2" n lV \0j)'\l;lj-f-:9 ~/llfj)js'.+¾1-t 50 

·t1JT'-:9 ~' +r-J\(C/m.!Jz¥J!;J<L T-:zf;'}~<J-05-J'.t!JT'-5 
~1J~li~§t, 
\lrnMft1ff'-1.:1~m•~~l=t--:J -r ~1t'ft nt::.5rft1i-1~-5 
~J2'tfi.•t 0 ;'!'2'11Jatl~ t, 
rlrrn2J2tftm1g1c J: -::i -ci12t~t n--cv '0 5n11-:F-1 ~i@l:tz 
ffi~t~0~:':t.8~t~~ffi~~0k~O)~P3/5b~ 
~SL-k~>t1-~~~~~m~t:~S-~0 
(M.:-1<~8) M.:-1<~7~-0)~>~~-:$t~~~~m 

FigtJ:J2~1z•ftfc::tsv,-c, 
MJ2>-h\1JT'-:$l0)$m~i]"-1\1=~>1< G --ctJ•G, c o}fJ 
?Ji]T'- ~ ~~tt-r 011:0)f}/fn~~titJJ.:9 0 mrn,Timk l1-lUJ§ 
~HJmL, 
11u&25tliJ·?·-:9~f.j~!Jgi1, >!&1jf<il;Hmtl~■tgic J:-::) -c 
mk t nr:mrntl t ci 1:fr1,1 i;o1rn~5tu)1ft1JT·- 9 lhtu~2i2 
t<!t+mhgrz:: J: "_) --Cfr2ti~ n Tl ,tJ:t, 1 i:f;tirl:, ffi'if.2-{ Y-f'-y 
7 7-'tt'rffH= LkiJ'-:-J -c ➔:r-1\(C½'I/IJ-J'- 7 ~fill* L, 
oo~w±•~~,oo&qoom~•~~J:~--crit:Ji:'.tn~ 
f:f;J~fi t (:fia:'!'ttJ Cfl#ff,ij;JO)yJ{Jlj-f-5 7J'H!J;J2j2·1la~ic J: 
-::) ·n-c:•lfit ntdt}ftiz::, c o)ic:t@'.■Ntl:J:--:J ·uc:Ktt n 

fuboTV Media Inc. 
Exhibit 1002 

Page 509



C3) ~~wm 2 o o o - 2 o 1 3 4 3 
3 4 

:, 1:::'. 1 -:$'MtJ.i.I& 1> r1Jfit~~Y::ij~i1*" 
rnfi :-tzrti 9 J ::i :, 1:::'. ::i. - >' rz:, 

~~-~-1tJ~~~n-cmGn~m~O)~~~->'~ 
v_Jl, 1T {ilz';iffiffi'fJ1;,ifj: 6m~i')fj)J!JtPt.1rx:t fl Tl' 0tij 
{;tz:, Cv'JrtlfxffS!JO):S-5:)';}.11-=f'-:$' t-fh-fhv')f'WHW 
~fflfflt~M~M~T4~th0~YTo/7Affiffi~-tr 
-1\rz:~.>tz LT ~fotf 0 ~ YT"J 7 A'liHfI1tffl'flfrgt, 

f1u-il2·!}-- 1 \r:L 
00&~~-T->'~~~thTffiGh6m~0)5r~T-
5 t, Z:0)15-5-Yt!J':f-1 t-ft1-f'tlOJ(ff.'t-:ff/f~rJ'ftffflt~ 
!W~Nittc~ Yf's'I 7 A'l'ff-liRt~f-Rti3' L, 
f1u-li2'.7 5 ,r 7 Y t- ti, 

f!ijJ25:)';t(!Jf'-5'0);1;{if{r-tr-;'ltC!JMiRl, -ctJ, t-;, ;: 0)5:)' fJu·;trH f:f ,y '.7 A 1[Wffl~r,(j;t2-tr-J\(Z:}Ji:,t< LT ~N~t ,0 

WrJT'-1~~fi'\'90 i 1:0)fJ!fl1JJ/2110i'.9 0lllft1fJfffJi'.#.ing 10 ~ :,f'sy 7 7-'IW1U~frff:ff>U::, 
t, lli~,{YTo/77-fflffl~illfW~~filthk~YTo/7 
\littm1,r1tHffJE~frg1:: J: -::i TfiUitt t11tt1Mm1= :1;1;-:51, ,-c, 7-'t~flH= L t:n'-::i -c, N'trim/,(&i~-tr5J1~t t11c:w~tJ1cr,t1J'!'~ 

f1~t. 
rl1fi21 fi'\y 7 A'!'MIH1:f''it.1/1g1;: J: -::i T ~ft'1~ htcA Y 

To/77-ffiffl~Lk~-::iT,~4~AA~lli~~hk~4 
ij=tJrnrnntlf-f 0)1&1nw:cHJtr~rHtHUtc:t¾l~Hit Gh, tJ, 
Jf~uil25:i';JirJ-:f->' ill!tR#.intrz: J: -_) -n~tR ~ t1-n 1 0fm)51J 
0)7.ti!J·f'- 9 ~' -tr-J\[C)l~{/x:~::!< L T~{J9 ~ 5r\¥1j-?' 
-Jst1J~tmt, 
lli;M·t)!ilff'-7ftf2Hl$ltfc J::-:) Tstfg~ htdtlfiJ·?'-J 
~~cti&9 0 Jc'ltfflHlt t, 
1111~ct2'!1Z~ttttz:J: -_) T~c'~!t~ trn 1 05-1Wff'-511cr11~Pfr< 
~~~~6N4■~t~~W~~6~~07□ 3/5bl2 
~2i11 L 1::. ::i > 1:::'. ::i. -5 irc¢iI[x I) r1rngt;:~2~i1~i{;,t,:o 

nwt.Rrf{ t o J it:tJti:r4 g i1cil&O)::i:, t'.1->'wtJ.i.1& 1; 
fffH§iJ:;1ciJ~f*1c: :tsv ,-c, 
Ht1c5-J111J-f-5 ;~fc;■ntti, &1t12~mrnt1::•tt~1= J: -:> T 
sfUl:t: tt.t::Blfm t 1:t1trHJ urrm5to)5ta11-r·- 7 t..i1111iil2&: 
'tt'J1irJtfZ:it2t>&t-tE 7,l Tl )~t, ,t~f;-rz:, ~fii12f'- 5'~t1·(1mt?t 
tc J: -J T~tf-('tE *.l Tv )0f'fil;JrJ0)5}lilJ-r'-:$' J;r, Jl1rn2,r Y 

:;''-y 17 7-'ITI¥f1tc L t::iJ'--:> Tr)fiiI2-tr-1 \(C~).K L, 
1Jui1crfi/t•tmli, lllfJ2Atflll¼bi'.1irJtfC J:-::> T 1ft,i'. t tLtc 
ruff1,1 t Hitrm 1:s11r8%J'u>5-J?J11r·--1 tJ';1m~2i2t~1~Mt(cJ:: 
-J TiI2ti~~ ~ltdMntc, C O);'I2'1'.IJ~$i§lc J: -J Til2·i\&t~ tl 
Tv '05t;?vJ-=r'-510)F}:'tl2Fi~M19 6 c. t ~fW?Mi t 9 6 :J 

Y t: ::i. - 5 dfcJ:J.J:fX I) i:ifhg;l,J §ct*~{4o 
rnrdtrffel 1 1) :01:.: ::i. -:$' fC, 

~@®T-5'12W~~~mLTWftO)~~~-Jiii::4~ 

V1{&cf-fO){~O)ffi~tll~JIJ'1'~$IHZ:~mfilNltGhtdJWIJj''-
7 ;~]Wt2-it-1'\(C:)llk'V(mtz LT ~tlt 05-NWi'-:$',rttt 
==H2t. 
"'4t15:t1ififf'- 7st1tt-rnic J: -::i -c~fftt .tVcTJ'tr'IJf'-51 
~ g2,1it9;;, g2,11t r-rn t , 
f}/j/t2r:c'rr!:ff1.sZfZ:i;2'!{t~ h T 1, 1 0B\lfWf-5 ~/l~i::JzWJ:,~ 
~0~4:f:Wt~fi~0ct~ffifflt~0~~-7-7 

20 WcffIVA T bo 
D'lPJ] 0) i~*Bl iJ: ;mum 
[0001) 

[fet1J'l 0) !/r4-t 6 t1t415-)'Wfl 4;:1tfJB ii, +.r-1 \O)~JJ.lt& 0' 
fflf1t~I!£~1- 0 ;: t ti:< , itfllij(fff- 'J 0) 7 Y lj' b 717 
t A~ ~'iJtt~rc 901::.li/:ii))f}JUJflft-f'-5 {1.}±)Ydi'.JJ((JjJJi~ij 
{g~j''-5 5}]t;!J~w1Mrc..nc: 7°0 If 5 bl;r~c~ L tr :J Y !::: ::i. 
-5 McJ.i.![x 1) iiJnttl:il2iJ~lf;,t,:1:t1kl'9-0o 
[0002) 
Uh:*0)t}Wj) 1JOi~0)W}iffiif~-f·- 'JMi::fi;~::,, 7- f- l,t;t, J. 

30 fC 17 7,{ 7 Y }- tWWW-tr-1'1 ttJ,Gj:tlif&:~ h00 ;: O) 

~*O)~~-T-:$'~jV7-f-L1:~, 1~175,1'7Y 
r- iJ' G WWW-l_r-1\{C r~4:_~;_Rt\T)0illblWHtT-5' (WJiffii 
:1Yf-YY)O)fu}z';~*~Efiltn00 
(0 0 0 3) WWW+J--l\(;J::S-fi7-::;ZJS:'{JMNLTt.:S 

~, Z:O)T-70)~~G~*~hk~~®T-51/;r~m 
L;llf'tt 6 a 

[ 0 0 0 4) i1{at htdtryriJJHZff'- 9 ti, fi:rl-'lJ!>.R~ill 
{i? L tc 17 5 ,1' 7 Y r- ic :~frt t n, A 1-- 1) - b:rrttJ) ti: ~ 
~10,, 

L, 7J'7¥J~21!1JX0)7}?Ji]T'-5 t c 0)1Tfr;l]T'-5 O)tWt 40 [0 0 0 5) c.0>J::S~1JU~0>JJ11i!ij.i1-!J~i~1r=r:,,;z.f· 
btz:;t51,,,-c 7517 Y 1--&UWWW-l_r-;\iJ'>{ Y:$'­
:?, ''J 1-- iii::f, LTttt'ct tlTl '0tt;f frtz: ti, ----~lfr(J!C HT 
T P 7°□ 1-- :1 ,vie J: 1J !JJ1filiiff.{6~·-1 vJ{i;lt/i.J t tl~ c 

~~fflfflt~M~M~k~YTo/7Afflffliii::4~90a 
~~~m~~6k~0>7□ 3/5biii::~&Ltc::iYt-:::i.-

9tmJ.i.Ifx 1> ~1J~ti:t2f*yNJ4,,. 
rn:~:>i<:[}~ 1 2) :J Y 1:::'. .-:r. -$' (C, 

9'1]Jf@{16"'-511J'Jt\!liJ t tl Tf~Jt, tl0f}iftO)7)".fii]':f-5 fZ: 
--:)l, 1 T faJii:i.ill/i!Vf w~ 0 m~O)~JJ1W45.lt L' ;: O)~fx 

0t1JJJIJ0){3,~!'!Jf'-7 iii::t t1-f110}ffJ.4Ui'.rt1J1l?r>~H: rm~ 
N~k,{YTY17~fflffl~4~-t0•~~~mt~0k 

[0 0 0 6) c Ci'..\ Wil.:zii'IJJ[P_ij{*f'-7c1}/Wt~::l<~J 
0 ~1.--!f0>rt11c ii, tryf~_jlfif·-51 u);i,t~{ftr~tn' G01vt 
Ct.CF, 15Y:$i'b717-lz7.J tl)-5) ~::!<~0ttt1,, 

0o 
(0 0 0 7) 1iE*O)f]Ji~.iH~r·-511f~fg:,7-f-J_;,/CJ:-::)T 

r})O)/P 1'5 b~il2i~ Lt::i Y\: ::i. -'.'.;i$i;J.i.I&1> r-iJfftTJ: 5 Y·Yb 717t7-~?Jl:!Ji90 /(~/C(i, 5 >Yb717-lz 
~citW{:f;" 50 A~~if$ltt9 0~HHO)H TT P+J--1\~CO)f]Jfmi{~T·-

fuboTV Media Inc. 
Exhibit 1002 

Page 510



5 
:$'M2{i1/ A 'f Lic~mi-0,-f>QQt}000 
[0008)lk,~OJ+$tLT. 5YYb77tA 

~~'fftl~t 9 0 r!fJtlO)'iP-1'7 L t:'00 CG I (Common G 
ateway Interface) ~ WWW+f-; \(C;/(l'tt-J-1:.?:, 0~/j'i 

[0 0 0 9) C.O)t1f.ffjO)H TT P+f-J\"?, CG I ~Ji 
~Lt.:WWW+f-;{./J, iii@Hj-f'-J ~f1f.'ti' 0175-1 
7Yl-~Gn~O)~*~~filL.~~-Y-J~lli~~ 
nref:l'.dlliJ' G HT T P '10 1-- ::r ;J.;tz: J: -::i -Ci:1.Hit9 o~t/G 
~ff(:Jc 

[0010) 
(ft8fliJ'MrP: L J: -3 t ·t 0~&1) LiJ) L!J:iJ1 G. J:§20) 

J:0~. 5YYb77tA~~~t90k~~Wff!OJH 
TT P +r-,"~/tlv'tc 1J. +r-1 qz: cc I ~1t~i' 0 h 
il;tc: ;t_;i, )T li, f)t~O)fjJ@ifffi"J"'-1!kc{ffi1/ ::Z i· bO)WW 
W+r-1 q: J:~fl[];t 0£,W{iJ'>.:f& IJ. IQ~ROJ--( Y7 70) f 
1-c:i'¼JJli' 0 2:. t iJ'•-c t !J:t ', 
[0011) Lkffi-::iT. 5Y~b77tAOJ~m .• 

AiJ'>!f;li/tc' 0 l'J, fF~iJ'tiH'.ffc 0 0" 

(4) ~~wm2000-201343 
6 

:'=tH.fr t ~ JHrw L td}Jf~iH~-r·- :9 rwt~m;f c' ~) 0 0 

[ o o 1 7 J c. v>Wt 1 O);tSJJO)filfJl@fgi-f'-Yf3JttlHJ"Hc:. 
;,:51.,, T Ii. f4-J:tttflfiil~m:iRt5 ~1tc fff:'i:ft1f:t,1J'htif.f1tZM~o)5J 
f}lff-!J;lJ>/lifi:fr'.:W:ff;ttl.::Z )-- 1J-l\fiVt~tl00 
(0 0 l 8] 1t.:. CO)W]f!iij(~-r-7fj.'t~fltJ.tli:'i/i,l¥)·9 

0it10fcta:. +r-1\tt o 2iJ'i1~HW·t 0 -f'-J 0>-5 t ~Jz 
t nte'f-1.ti'~{ilt 0Jmflli~f-f LT~'ilii'J: t 'a 
(0 0 1 9) Lt.:iJl-::it, tfi 1 O);El1J:Hct5v)T/;l:, +r-

7 '1Cj[r Lt- ,j:flif&:°?~i'J§.ti'/1:IJU9 0 c. t iJ: < f;]bh!C: '5 Y ,Y' 

10 b71t.::ZiJ"'.xfJt2:'~10a 
(0020]1k, 5YYb77tA~~m~~-tik~ 

o))1l1ffflh\ -tr-1\-CiiiJ: < !Ii1Jlilliff,f'-J lWt.~ifil C 7 "J 
-17YI-) fni]iCJ:-:->T'.&irft~l,';';itc~, +j"-J\O)fJ_(,{fcTJ 

ff!l/JL1:i:i::ftTi1L'9 0 c t iJ,-c~ <$ ., 

( 0 0 2 l ] 5112 O)JEftlHJ, tf; l 0)5£fJ)'.jO)fjjjJ@i{ft6''- :9 
{lVIJ.Jirrl'tfUoi,) T, 5-tlii'IJ-f'-1 uJ ~fft~-tt-1,r::.: ~* L 
TD' G. c 0)7Jti!J-f'-5~~/Ji'01 TOJH#Fc1~~J'ft,t:·t 
0ffiirmtlJJ.:tn~H/Jo L. ½\~f]-T""'-J~fftJ:t.frlJ. ~ilti 

[0012)ik. CO)~*O)h~c'tl, 5Y~L77 ~ 
lV.Hm:tffJi:'.J:f&tc:: J:-:) T:tff'i.Et tltc:u#ml t (zrnflf-tj tUMl-0½' 
OJ5)'\1JIJ'f-5iJ,t2'iitf-f1_n:i2·ili! .tlTlt );/J:i, ,±,t1&/c, \11I 

ric 1 ::,;-f ,y 7-;., '1li'¥1Hc L tci}-::i -c+r-, "ic5fi1J!JT'- :9' ~ t AOJt.:~o)!J11ft[iJ1:-:l:.1::.:-tt-AV!J: t tl0 t,Jh. -tt-1\ 

OJfaT:!Ii.J'J:ff/00'9 0 t v' -3 FlrliWf}t C 00 f)ft:, iJ1l@~-f' 
-:$'/j2{J1/-;._ -f Lil1W~OJ 7 5-17::,; I- ~:ff9 MN{Hc 
ii, -'tO)ftr/flUt.i~~ITl < iJ: Go 
[0013]*~~tl.~~O)J:-3!J:~~~-~T;IJ:~ 

tit.: tO)c', -tr-1,oJt~f&-\'.)t,.\/cl~tc+J.t!Jnx 0 c. UJ: < 
illJJ @Httf'- :$' O) 5 Y YL 7 7 t-;., J.t rirng t ·t 0 te lb O) ffJ 

iil'lH~-f'-:$iflfJ::.tH&&tJil1JJ1ilii{ff'-:$'5-)';i;rJ~®'.MH.Hc '.1 
P-1'5LJ.t&SLk~Y~~-1~~~~~~;/J:~--
~~~mi'0C.t~§~t90o ~ 
[0 0 1 4) 
[iJ!/i'fi~fg/iirf(~g- 0 t.:6')0YH~) 4'f@HJW)·f!J'}~ct. WJf!iiH~ 

-f'-Y~t~!X0)5};iliJLT5J'nrJY-Y t L. C.0)5JWrJ-'f'­
y fZ: -'ti1.:f'i1,0)fWtH{jfm~;j~9jJYtE}tiJ·rffiR~r➔mfil~jt:J­
t-1 Y-r~ '.7Afflfflt L. C0)-1Yf'~7Afflffl~L~ 
iJ'-::i t 51r1t1ff'-1~11rei;JnW:t<t01~ tz: ® 0" 
(o o 1 5) tCF. *fefJJl~W£Jil'90!c:.j;jf'c-::it3Ml::te 

Hitt'l:Ff.i£tz:'Jv 1 TtYlAJJ-t 0" 
( 0 0 1 6] 515 1 0)§tSJ:H;J:. W]@i{j'f-Y 7J'5tWJ t tl T 

~rii~f,HtT ~t1£~ tl-ti-1 ::,;-f'-y 7 ~'litf.-U~+f-1"!dJ! 
*LT~fil90-1Yf'Y7Afflffi~mJ:fflt. ~~{::,; 
To/'.7Afflffl~mtm~~M2:'.tlk~YTo/'.7Afflffl~ 

&*L.MtTffl~.fJ#~mJJ.:¥m~J:?TNJJ.:~hk 
U!H/JJ t iit£1HJ 0ITil'WJ5-}'0)5Jl'i!J-f'-Yihcti¥HHc::t2'1itt5 
hid%J1s'iZ:. c O)f1c'l!'J:H¼Jc:;~2,ffltttl Tv '05-Ytifff'-Y 
0)/!llfft~.ffi.±J.tt#Jf.{i\9 -ti lif}Jf~ijfff:r'-:$1 ii·±~llifc' <15 -ti" 
[ 0 0 2 2) c. O)i%} 2 0)5'€~)JO)iJj!Ji!l)jff-f'-7 }fJ.t~®'.lC 

:luv) T (a:, 7)"..lfl]'f-Y ~ ~5R L l i), G ~111-r 0 i-cv>ffJi 
ic::·ff{-,t t h0 ttltiWJt t10;j')§ljf'-YiJ\ ;1c'mFf-tJHZ:f* 
H2:t10a 

[O O 2 3) LteiJ'~JT, CO)'ff~20)JtfJ,EJiz::J;st,t/;J:, 
ti:'i 1 OJJeAJI t lriJt1W>f1='FIH11*lc:/Jnx T. it,'Il!i\l{t1fSRv>lt 
o):1fn1JT'-Y 1.J1:t1~ t t1. L ttv ,, filflimiffsiY-1 o>r1-'-tfl, 
iJ:~h~k6').~'t~~~ttl0ic'OJ~MJ.tfil~~i' 
o c. t iJ'>c'~- 00 
(0024) ~tl~J:~.Nt~~ic'O)~~~WN~ 

-l1'0C t7'Jlc'~0o 
[ 0 0 2 5) 1: re. :P~u)5JWJ-f'-:'.liJ'>1Q:>Rt tl TiJ' 0~ 

fi?t t1-0 * c'O)r1\1iz:£,~JJ:5t)!;lJ"F-J t:t.ii{gf*t~<H -c&Jo 
f:6').~lfili®'f-YOJ~±~~W.n0ct~M~~0c 

[ 0 0 2 6) t G/:, 5tfff'-1 ~+r-1 qz:&::R L, TiJ) 
G~t'1901-cOJm1'fic\JiJ1~;xi!ltl'J:t h. 2'.. O)ftl.inmc: L re 
h'• -::i -owtrJHl~!J:~R1tc't2'i'~ Lt t, < 5-}1N-f'-1 OJJlliJ'> 

L f:iJ'-:) -c, :µj:'tlm~M:·fit;j"Zt-11-tciV+::.UftiJ'l'lt,m&z:J.f t~JJ.:t n.0, 
vj{&(})W'.'.tDJtiJ·i'w'ftHC:: rmitH-tit Gtltd:i"2Jl]'f'- :9' ~-tr- [ 0 0 2 7) VJ; ,7<_ /:, !i~H,\i10)jf;$',J;l}:ft1i:'f~JJJ1;: tt,Ht:·t 
1 ,;;z:/11Wt!(~* LT~f;~i' 0:'rt\1JU-f'-Y-:Jl:MJ:ffl t. lli~ti 0 c. t iJ,-r:~. JMi1JJ!J:tl~f{})51Wl'J'-><'fN~f*t tl00 
½'1J'!J-f'-:9"W{;"jfJ;!Hc:J:-_)-c~@tt1t.:5t%'1J-f'-:9i:-/i2 (0 0 2 8) LtdJ'-:)t, 7'L-7.'!J:7-- J, 1)-L,f1J'1i.J' 
ffli'0~1~Wt,-1Yf'Y7Afflffi-W:MJ:ffl~~~t 0~t!J:0, 
tlt::-1Y"f'-y77''1'l:1f.\zv)fJtfl#~iJ·lfHi~~= L tcf.i'-:) T, ;12 ( 0 0 2 9] m 3 O)Jtflf:H;J:. !ibfllij{j~j-''-:$' t}5j'J!Jt tl T 

Ktfllitcic'ltit ti Tv '0 5H'!J-f- :$' ~111~t,;:N-t ·~ -1± 0 w so tw, Gi10iti~o)5n1ff'-:71: ~_)i.,, TfiitHtrtiJ,~JJ: 0 t~ 

fuboTV Media Inc. 
Exhibit 1002 

Page 511



7 
f)(O);fmjJiJif~f&~ ?.1 Tl )0f%-t-'i-!C::, C: v>tn)(f'l}!)3!JOJ?1-'.1:f 
~T-3Jt~tl~tl0N~~Mlfflt~~-M0T~~ 

(5) 

~ t10..-f Y-r·,y lJ :Z'[Fef¥[1~-tt-1\/Z:~3-)< L Tst/f.CJ 0..-f 
Y-r'-17 7-.'1i1f¥f1s?(gffl;zt, 5HilJ-r'-:'JO)E{iJ~+r-1, 
~~*LT~G. =00~T-3J~~ffltJ0t~0~~ 
~titti.:CJ 0flWFF19titi1.'.ffit t, 'AfJ~E!1'Fcil11t<i:T-tlt:fz: J::-:> T 
11ti.'.~ tli-:f!Wfa9!C~-::5v )T, .¥M)l<"9 G;f;J(IJ-r'-:'J O)ffilBIJ 
~mm'l00~T-3JmmJ:~t, ..-fYYo/;y:zmffl~ 
fi~J:f~!c:W:frt~ tlf-:..-f YT"J I-J 7-.M'~lnz: Lich'-:> -e, ffi 
cfJJi19&l~m~c tlf-:ffi}tm1=~J'1~¥lf& (J~o}fioJflVtrHJ'~lj 10 
·rM~Rfz:00;:fil{,Jtt G t1, iJv·:J5-JWrJ·f'-J ~HFf:.tlt:fz: J::-:> T 
~:tRc tlTv )0ttlrJl]0)1}nrJ-f--;z ~+r-1,;1z:J1ifl;!;(~5J< L 
T~fot~t 05-f'.XIJ'f-!J~f'Ff:f{ t, '1iiiMfn1J-r'-5~fi'l 
t-i1iz: J::-:> -c-~m·c 11J6rt1fr-!J ~t2tJirt Gfi2t®rf.tf: 
t, 1 y-=f 'Y lJ 7-·i'Mtl~fff:fsZtc'W:fa'c i'lfc.-{ Y'f'-1 '7 
A'[1H~0W:'tU#~IJ-1'1i¥tHC:: L fdl-> T, il2ilzfrntz:Jc:t&c 
il Tl'GJ1'1fiff'-3J ~Jifr~)Xfffct ~-tl-0WJtH'lt ~ ~-Mn 
lt-::ifiJ1um11~-f-3J iwt~mtra&00 
[0030] c:0m30~~0~~-T-:'Jf4~~~~ 

:t5v Yett. fr;.izs:rili1to)%Vi0:rJI~fmt1J05nrn-r·- ;z 0 '5 20 

~- @•0aM~~~~dLT·l~fu.izs~&0~~T 
--j t}~fl(~ h~{Jc tlG 0 

[ 0 0 3 l ] L tct/i-.) T, [i1J*JRO)Ji.izs~/Jt'fJ"~v 1fh}fH;: 

~- l~fa~~~~~~T-:'J~J::9fu~~~~tl0~ 
~-#~CJ«~T-3J~*fa.izst~0r.t~~~90C. 
Ufit:~ {;;" 
[ 0 0 3 2] it-:. $ 1 O)JmJ t [f:r]j;f<O){'FJ-¥j(C J: 9, -!J­

-J ,;~,ti,g9 0 c. t fJ: <, 5 Y Yb 7 '7 t7- t'}r-1Jfili"E a& 

~~wm2000-201343 
8 

[O o 3 7] C:v>Jiso);ef!JJ0filfli®/gi-r'-3J5llilJ*mt~ 
fflv 'Ttfl11{05-Y.ffr]T'-J &rf 1-Y-r'-17 A'htif.f1~f'FJJX: L 
-r-tr-1,tc:{iiff;z, m 1 xJjJfi2o);eHJJo)mJJrmH%!-r'-Jffj 
't.*1t1~fflv\0c.t·r, ➔f-1:;o)ti11t tlW~tz:+~ta.t 
0Ct~<5Y~b77t7-~~~t.lJ:00 
(0 O 3 8] 1t-:, C.O)l!VJf~H*T-5:'r/tlJ~ig;t~mv'G 

c. t ~, ii~o)5r;tilff'-3J &:rJ/j~ /T"J 1; 7-M:~ri~~};;_\ 
!Z:f'f:f1x'1:'cs'◊o 

(0 0 3 9] 'A160)JEfl}JLt, iDJJlffifft-=f-:'JiJ';.t;¾lJctlT 
1tl Gtl6tt'.if&O);r;J(IJ-r'-:'J ic -:Jv I T fiiitiill/liJ1Nl~ 0tPl 
~OJr,mJrJ~1J1x l, C. O)fti\';{O),fmz,)lj0)1~5.ti:'11J-:f-3J ~~ 
t1-fnowftJJ:Jp~rJ•rW¥Wt<=fffl:iiliNtn:1>F•:11; 7-·r~#H.~ 
Jt11£CJ ◊ ~]J[fili{j-f- 3J 5-.rWJ~ffilt: ® ◊ o 

( 0 0 4 0] i:u)]116 0)}£fJ/:jO)ffJ'.filillift-r'--j;f;¾lJ~ffr~ 
fflli )TW~:rr1JJJIJ0B-~tr'!ff'-3J&(J{ Y·?'-17 A'rt'f¥!t~ 
1'!c1it L T+r-1 ·qz: Bm x, Wi 3 Xli1J'J 4 vAMt30~}1f~_jift-r' 
-!J{Wi:'lli/ITJS::fflv)0i: t-c, -tt-,,0i,~. •~gic:t 
~ 11[15t G c. t ~ < 5 Y !J''L. 7 7-t'. 7' f))i-1J'¥jg t ~ I) , fa.izs 
~~~G~M~■WCJ0C.t~~~Ga 
(0 0 4 1] 'J"Jc, [O)i!i}1@H{i-T""'-7½•;1J'lli/IT~ffl\i)0 

c. t-C, W1,&ffil?i!J05-NiU-r'-Y&0:1 Y-r'-1 lJ 7-'mti~ 
'f'HMz:f'f',iRT'~ Ga 
(0042]M7h±Mt2~~~~, ~tl~tl~~m 
1~~ms0~~t~•~•~~J✓ ~J-:'J~~m~ 
-tl-0f-:~0fo 7·5 .h~~2i1LtcJY~ J -Ji\J"IJ:f-Efx IJ 
iiJfili ~ s'i::wJWd4:,"f 0 0 0 

[0043] c.0M7h±MI20~~0~~~7°aY 
00 7 l,~1lc~Lf:iJciJ~/-tl.£'HJl, i~ L UZ:J::-::i T, J--.)illL 
[ O O 3 3] %f14 O);lWJ:Hi, %f13 O);tf!fiJu>filfJ@Hli''-7 30 td,-1/,Jg~fi LT 1✓ )~v ,;rdrh~, f.Hlt-1fc:::ts~ 'Lt, Fil'iW 

rfi-'.'t~&!c,t.5t, ,T. 51\frJ-r'-7:~ffI+HHi, 1:fitfHHii)l+ /z:J:-.lill lt-:t-,ti~l.£'HtGCJ 0 c. U.J't:~ 0c 
K4Jz::ttut~ ~1t:ijef.rfm t r:rltfrfJ t.::Eltill5ro);HWr'-7 tJ,i2 
tit-rnJz:itc·lt~~ *.1 Tl )~l )t~f;-;z:, -r'-Y~trrn~ic::J: 
-::i -cmtR ~ il -Cv ),;';,f\R~ljO);.t]A'.!J-r'~-:'J ~, ..-f ',.,'-r' '1/ ,7 .::Z 
'i'rficHc:: l t:iJs; ·::> T tr-; ,:c:: ~:iR l, rj{tTllt:fi, ~{J'fHHfi: 
7E:f-fQ/z: J:-:> -cf1fJi:t 1'ltd1~=tm tlitfµ'l] tawmfr10)5tt1J 
i''- )< iJ1Ji::ttJ:mic~2'!:@'.t 1'lt:t£,}i;/C::, = 0)~2t~ff-Vi'./Z: 
&·2tl! ~~1-n •05r;!l1J-r'-1 o)/11\'.i)):-rVi:-:~ri~M;tJ <';ifill1fffil1t 
-:?'- -j lri:Jt~t!ic a& o" 
( 0 O 3 4] C: o)WJ 4 O)JERJ:l0®JITW!i-r'-)( Wft!h~ifHz: 40 

in,-01, Wt 3 oJ#DtJ t :a1tJR0WmW1MHz:bnx-c. :5-)'W1J 
-r'--j ~+r-J\/Z:~5-)< G TfJ1 0s?1itt 0 i-c:o)n~owvt-: 
tc::,t,~ t filiWJ ~ Zl<';i:'rJ'O):'rJ?JIJ-r'- -j iJ"Jc:t@'.J:rnic/#HWc 
;higi, 

[0035] lk~-:>T, ~0Wi20#~t~-0~* 
~f{J-0C: tfJ"c~0, 

[0044] ~;130)JVJfiHi, -tJ--;s;fc::iJ2'11J~tlTv\-{;J 
filfJlffiiffii-r'-'.)1~77.-{7 Yr !CWi2fi1·t0filfJ[Wj{fff'-!J1~i:'. 
filV7-j-L,tc:tsv)-c, +r-1'-li, ffl/J@Ht7'1'-'.)liJ'5J\W~ 
fl -rffF':ifL0l'11,&u)7J[;ljT-J t, i:O)?'t;r;tilff'-Y t 
t t1 -f'tl cT}ffJ/trJJf~il'IWiflt ~ ~JltHiJ-U- tc .-{ >-r'-1 7 7- '['ff 
{!R t~m:;y L, 7 7.-{7'::.; r Ii, ..-f YT':I '7 7-'ri¾:cliR~-tt 
-1\1cit:0R L -c 'Itt~~t 0..-f :/-r· -1 77 :z·rM!{~f.JH!it, 
'Ml{ -Y-r'-1/ 7 7--rt't¥lt;~frJHl!k'Itff~t t1tc1 Y-r'-Y 7 
7-fflffl~l~~-:>T, ~4~M~ffi~ctlt:N4~M~ 
ffl&a~~m0w4~Mlffl~OO:iiliH~Gtlk~m::;:­
-$( ~-tt-1,tc::/l~j.t,,~,W~RLT;~m·() 05J1JrJ-r'-:SZ•~mH1 
/::, '#i~~5-NN-r'-3J~ttJ:micJ.-:> TstWic tlt6rtrJ-r' 
- 7 l.£'821i1t igi i2•1JJJ:u~ t, 1Y'f'-:.1 1, .J,•r~¥11·~1tt-rn 
ic: 1'tit ~ t1 ft 1 ::.;~r-1 lJ 7-·i'MlioJ:rTf.'ctmH:U·r~¥1Hz: l tel} 
-_J T, 82t{Ff-rnicn2·ri~ tl Tl )Q7J\!f!JT-!J~fl!fi;ft(fl'J.± 
c -tl' 0 {4± ff.It tJS:f!mx 0lJ1@HMi-?'-3J\Ric@V 7' ·r .h-c 

000 
roo3sJms0~~~.~~•T-:'l~Wn~~~ 

LTtm.-~0~1iflff--j ~'ctJJx:L. 7J)~Jr~fi~2fi!Jt0~1ii!J-r' 
-;; t C: 05-)'Wrff'-:'Jo)W±fl#~lj·[fHi~t~tl{f~ftlttc..-f 
Y-r._1 lJ .7,fM1Hr±,iR't 0JJJtmHt-r'-:$Z5-}WU~ti1:JS 

(0045] c:0m130%~0~~-T-~~g::,,7-. 
so ~r uc:.tst,--cii, IJ5..-f7Y riJ~Yc0m 1 o);V:1R0ifiJ1@1 

fuboTV Media Inc. 
Exhibit 1002 

Page 512



9 
,/g-:-f-51 ~~~~ t ftiJ~rc:atl§'9-0o 
roo4GJ c.h~i~,m1~~~t~~~~m~* 

~1ft-0C tf}t!!.00 
r o o 4 n 1J:t:3, tri 2 JY'if1-¥i 1 2 o)JEflfiJ t, c. o)Un 

3 O)jef!fiJ t [fij.ffl:, fil/J@]fgi•f-YW2f2l·v :;._ "f Uc:iffilFt:] ~iJ 
f'l~t!i.!S00 
[0048) 
[J£t1J:Jo)J~fff!io)jf;~J ixr-, lY?lrii~~mn,i;i;1,/,0*:+EflJJ 

O)';tJ'jlllo)mft~/C:".Jv )Tt}tAJJ-t ◊o 

(G) 

"J 7 ri1--c i1S 0 o 

~~wm2000-201343 
10 

(0 0 5 9) -tt-1\3li, :1-:lc:~r3'h&t~/t13 at, -lf-;,; 

:i;:~3 b tiJ,Gt{ey/JX:2"fl00 
(0 0 6 0) ·tJ--1\:i;:{:,t:3 b&i, ilc'f!J.~1@3 a lCtRl"<f;';; 

-f-Y~fflffl90aoot, '.75~7Y~4~G~~*~ 
L~~-::iT21&m3a~~~~-~WLT~fil90■ 
l'J§~1lf9 00 
(0 0 6 1 J J2t~~ifil3 ali, &1If:!O)-f'-J~J2t{tl. 

CC. t!/:J:,·c,1:1-;t' 2 lC t-::i T :':t-:fix'.2" ht::t~fxO);J'r!ilJT' 
(0 0 4 9) (l;f11 OYJD\lfiO))T;,J) :i('J(/jfilOJ!t;!l~ld3v' 10 -JE(Cf~ Y-f',;; 7 7''!'iH'hl 5 tJ2t@LTt'00 

Tli, m~@if~-r-1 c11J11~i:1>j·YY) ~tJJW;J::5:l'1f1JL.- roo62J 7-5~7Yr4ft, ~ll"f!;j~9t"jtc:, :t 
t6f~!)-f'-;z t, {.0)f£fx0)5t'iifiJ7"-5< t-fn-f'no}ffi 
ctff!H1Jl'IWfhl~rffliiliHitt::1 :,,,-=.,0'-:1 lJ 7-·1fi¥1i!t ~m v '0 ·= 
t-c. +r-,"~'ft~9 0 c tiJ:OV1illil1f~-f'-;za)7 Y-:i 
1, 7 '.71ZA~i-1Jr1Et '9 0fill1illil1~-f'- )'~c{il~1 7-T L(C:".J 
v1 Tfm~JJ900 
[O o 5 0) ~ 1 /J:, *~1f1J!(})Wfiic:f*0JJ1ifr!lffi-f'-9 

/jc{g:---7- -r L01$\'nx~1s~91'p 'Y 7~\:&S◊c 

~75~7>~4~4bt,~ffl--f-YN4~WtL 
T■OO'iJ0~1-74at~0R~~hT~~, 75~ 
7 > ~4,t,$: 4 b J.-c l-:'.' 1-7 4 a b"~{Wrt 00 
(0 0 6 3] ffi<!4li, *'J(/jfilO)Jt;!!,~t:{~-?SfliJJ@i{ftt:?-;'.l 
~~V7-"fbl~fi~Gh0~1-74a~■00~~9 
1'p '1/ 7~T&S-?So 

(0051] =~~illilM-f-Y~filV7'"fbltl,~illil 
{f<-f'-J/J•G5:l'WJ·f-Y t-1 ::,;:f ,y 7 7-'l'i'Hfz t~±nX-t 20 
{$IY:J-:$t'2t. p;J$0)~ffl~-3a~~-~-;'.Z~ 

(o o 6 4) ~;,t-a, ~4 Ca) t::l:+W:J::ffij~fclWJ~1\•J77 
0>ij$~~g~~L, 3~-Y~~~~-f-5'~~­
:J l\''l 7 7' !:t-&~2" t101 "f!O):jfff~,J~ l.- Tv' 00 
( 0 0 6 5) -/J, ~ 4 ( b) t::l:+lftr:p~;IJJi~;j~ l T 

to fJ, l ~-Yi.l'0:$/,i;iJ-f'-YtJ\-f'::::r-;;l/;::f,-j't;t;-/:l12"h 
0 t, N-tf,J-1\ 3 tJ,;51w1-r·-Ythrc~m t n0~xim 

7 T { ;!;Jt;i\Tictl&'.9 0 -lJ-;\ 3 t, JJ1\UJifl-f'- ;z N1: 
ffl~~1-74a~~90'.75~7Y~4t~G-~t 
flT 1,'Go 
[0052] =~~~M-f-Y~filV7-"fblT~. ~ 

~-~-Y~7-~5-17'~-1Yr~77-1~~~2"hT 
to•), I:: -1-17 4 a fJ\~y-f·,:177-'l'#f¥fiic:J1;--:5v·Tlif~ 
iJ;{.{[tfilO)iJ'Wlff--51 ~-it-r\ 3 f;::~:,j'( L, §:{j9 Go 
(0053]~-K c~~®®~-::'.Z~8:---7"fb10 

1:Hl'lifi>t~J~/;::~,Jt 1Ttr l < filifl,E]9· 00 
(0 0 5 4] [~2/J:, *1-tfifi!O)ff5ft~f;::{*0filll@H%~-f'-7 

lll!:'.{}:---7 "fl, I iC:{ti\V1.. i?:,tl0I>::::r-Y 2 OJ■flli~;j("9~ 

7"p '.1/ :'.l[i]t!i.!SGo 
[0055] C~IY:J-~2tl,~illilIY:J-~~ 

u:, l.::-f':t~O)rui)ftiiUMJ,b1 :?:, i;i; 0il/JJ\!:1!1fff,-f'-;.-z (Wlftiij ::::r 
Y-rY'Y) ~rfr'if.:0)-:Z 7°517'~-1 > HiHdtJJLTtM 
~0)5-JW!J-f'-5 ~:'tfi:l(:~9 00 1tdtlix'. l.-tc:&5}$1J-f'-!J 
t:t;HUJ:0 7 7-1;l!f1~NttTl:f:tfJ900 c O)&J 2 -c 
(i. 5-JWJ-f'-,y. O) 7 T { Jl;'.f!O)/Jlj t L-c f" dougaOOOOOO 

J , 1 douga000003 J , 1 douga000006 J '&:b~if\ ~ fl 
Tt 1 00 
(0 0 5 6) ~t3, CCl)it:5-HN-f'-J(i, \.::_7.-rJ 4 a 

p;JO)~@~-:);,,y 7 7/JJ 1 ~-:JP9lC:l[':Z£ 0-l-J-1 :J::--C 
'cL~~tl00 
(0 0 5 7] ~Glc:, CvJIY::r-;;i'2ii, ~5:i'Wl-'?'-

5'07r-11v1; t, .:ct1-f;t1~ff+:.mrn,1~'i'~\1Rt~rmoi 
HttT ~y-f',y 7 7'1'1HR5 ~±nxl, 7 71 Jv!t;il:T'/:B 

)J9 Go 

(0 0 6 6) C~l:.:-1-7 4 al::l:. JJJ[iiii{j-f'-9/£'fiJ~ 
~9 0~tfilc- aJ) 1:). -1 Y-r'.'I 17 7-'ltHR~fi:ltli 6. ;J;mJT'­
>'~f;}~P, ~-/l\'1/77' 8, -f'::::r-;t91J,Gtitfi.Rt 
fl00 
( 0 0 6 7) -1Yf'',:117 7-'liJ.11R::W:fit1116 ii, r'i--'t.1£':,jt,lb 

~ 0~®®~-::'.Z~ffi~~1-~~GAn90c tk,lli 
~~h~~~®-f-Y~OO'iJ0~Y-f~77'fflffl5~-tt 
-J\ 3 tc:~;R L, c O)~)}<o)r,t;P,:t Vr-tJ--1\ 3 fJ, G-1 
>-f' •;; 17 7' 'l'i1N'F1 5 ~§:m LT {!fH11~4- 0 o 

( O O 6 8) 5H't11-f'-::'.Z ~ml!) 7 Ii, ilJi!f!H*-f'- ;z crJffi­
:'t~l~&l{v:tfil t i;i; 0fWtBtftiJ'i'fr¥R~ 1--ifh) 1?:iAn~t 0" 
I~, ~Y-ro/177'fflffl~~$60~Y-ro/177'fflffl5 
~~~~ L, 1-·tftJ, G AfJ ~ hr.: jc'fVtHMiiJ'rfifR.LJ.~Cf)jJj. 
:':UHrfi'H'MRt:ri!liiliHit ~)n z v, 0 7 r 1 ;1;0):r!tJ~-tt-
1,;31:i1::R-t 0,, CO)\/J!:;f<ii, «-:)J\'1/778lcr&~ 

40 ¢'t1tdf~1J-f'-7~M.b1---·'J:M (.:: c-ciJ: 3 vJt~t 0) 
tc:i;i;-?S iTJlfr'PXH:lh't ◊c 
[0 0 6 9] -f l-C, C.~5t)!ilff'-5tstfi'il11Vi ii, CO) 

iJA'.5.)<:©J;t;:tf t L T:$1;½11-f'-51 ~/l~f~~fitl. ~-:);,;,y 

7 T 8 f;::tB)J9 Go 
[O O 7 OJ ,-?._-';)1\•J77 81:i:, t¥!Wx0,,-:Ji.J,G~ 

fJ , 15'~ - :Jilj [C: --:J~ yJtglj-f'- 9 ~ J '\ ';! 7 7' 1) Y :1/'9 
0a t~.3~-:J0~@~~t~M-~ttUff~T& 
ffl900 ¢'G~,~~-Y9~t?T~;t;-tBth~~-

(0 o 5 8] (if<13it, *J'.tif!!ivJJt;ft~tcf~0fhi~iHf§ff'-:J :J1:f.J~5J11i!J-f'-5'~li!Jzml. ::t!dc:Af1th05J11i!J·f'-5 
WidJl'V.A Tb I /C:(/~1x Gh0+J--1\ 3 0ff/lM~ii~'9·::to 50 ~m:IU!c:61lifj9 00 

fuboTV Media Inc. 
Exhibit 1002 

Page 513



11 
[0071) -f'::1-jlgfj:, «-:J;'\"J778P%:-;:g 

§o)51;m1-f'-5tJ,f.2'i!l(c5:ni t, --r'::1- F!mJJM7<rfm~~ 
L ,f0){f/l~iYx-r·:i- F¾!.1Jfil7<r®'H:r00 i.:~1t:J: fJHtPJ 

~~wm2000-201343 
12 

J.... ·ti t{%'8-1c: ii"-1-1" 3 1c:1rr u '#&n§·\~W m 7<rill,~rrf 0 
1f'.'.\ 1IJ} f} iJ: v 'o 
(oossJ $;tt:, IJ"7,{7-Yr--4nlU~0l::.:c-174a 

iJ: < ffifyfl'\i.l~'i-$< O)Ji}ftiJ\1J:t tl00 7<rff;Mt, -!J--1'\ 3 t:5HW·f-}r t .{ Y-f'-y 7 7-'IWWl 5 t 
[0 0 7 2) )J(l:, i:~20)J:0iJ:t~nx7<rff90l!l!JilliH~-r ~t't1~,~9ZJO)JJc\ ff~1(c:5::.-'YL77-t.::Z;i:'.kJA!T0 

-JNcffl'1/ .::Z -f-1,.. 1 OJ!i1}Jf1:l:·:x,-c L~Tt:~f,\f!Jlt 00 i.: t-JJ'1Tfi.: ◊o 
[O O 7 3) if, I-Y::1-;;i'2fCJ::"J-CYlJJ@.it~-f---7 (0 0 8 6] 2: 1?:it:, 5>$<"LY7-t-.:z;~;{ffi!t:'t.t0t: 

iff}'.;Jf!Jt:'~1, 5f~J-f'-J&v1>f'',1/-:7.::Z'l',1rlfii-f{t.fili:~ /s!:)0)71],#i!fJ\ tJ--1'\3T/iiJ:< t:'::L-17 4 atc:J::"J-C'Jt 
:h, ".1-J\ 3 /C:J2t~t t100 1rt tl0 t:.16, -:7 517 > J-- 4 tJttfalfxfT{f LT t ".1-J\ 

( 0 0 7 4) Y..l(iC, f!T}t~:>J<.16 0ffilrntnfi-f'- 9 O)j'f(J:& 10 3 0):fJ.{ilyO)it/tirI~lin 1.t·t 0 Z::: t tJ,T:t 0o 
tfrWt~F,~mt+lU1'[~11.h\ .::1.--tft:J:-:,Tl:::1-17 4 
a t:J--.f1ttl0c 
(0 0 7 5) Y,.1(/C, .:J.--tf[C:}m;E~tlfc/iJ]{iljjffj''--7fJ, 

G~~t:h~,{Y'T"J7.::Zffl·5~ l::1-174a0)1 
Y·f',y lJ A 1l'i'iiiii-¥tf*f.·µ6 i),t:_,y-J\ 3 /C~:R~~l, ~1,§ 

ttl◊o 

(0087JiJ:~,*~~0)%®~ffi6~~-'i-1~ 
~1/ATLl-C~, IY~-Y20)8~7<rlJ5,{7Yr 
4~~~2:~ -:'.75,{7>J--4~*~~?--:7~*L-C 

1,}JiJ-f'-:$< EHf1 >F 'Y 7 7-·i'M[I 5 ~'lj--; \ 3 tc:+iwrt 
6t LTtJ::v\. 
(0 O 8 8) if=, *~lJtf!O)f0ff!HU3v'Tlt, t::i.-? 

[0 0 7 6) i.:O)'~fJ~ilt:1Y-r'syl.J.::Z·l'~¥/~5iC:fi, 4 acrJafcit~7"7,_'.Hf'\fro:)a~tt LT~IJ{f.iHl~-Cj,j 1J, 

ffiJJtUfift-f-:$< 0)¥J.'tffi3:t!J'ti¾rfli:y.J- L T5t%1ff'-510)7 7 'lj--1 \ 3 liWWW-!J'-; "t 9 0 Z::: tt}-C't. Go 
1 J\;:'.fi iJ\12Jif ~ trn' 00 ( 0 0 8 9) c iHc: J:: tJ , 7" 5 •) ·lf'T'*W{9 0 !f}Ji~.ij :i Y 

(0 0 7 7) 5tWff-;;,~{ffifrll7Tfi, ~{Jtht:,{Y 20 TY'Y0)'7Y:$i'L\77-t7-iJirirnttiJ:6o 
j"'sy/.J.::Z'1~'¥li5lc:Jk:5v'-c WJt~r.{!~tlLtcH11.m\:l;,(lij (0 0 9 0) tGfc:, :t.:'.#fJiliO)J1;fl~t:{lf0!JJi~Mft1-r'-7 
t:Mr,t;f,Jlt G :n Tv ,i 5}%'!J-f'- 7 tJHJ--1, 3 f;::.~*~ 
il, ~{ill t5" tl ◊ o 

[O o 7 8) ~/filti1tdi"!f!ff-Jfi, ,<;..-:J1'\,y77 

8 cT>1;«-:Jt::.r&~t5" :h, ic1J:±. t' :h0U~t,1Jfl[Mc:MLUB' ft.. 
Gi100 
(0 0 7 9) it:, ,<;..--;:}1\·1/7781:%5v'T-;1:it0) 

}\';l 7 7 l) > '.'.li}~c5 :hZi t, 7::J-:$1' 9 t: J: ·J -C 7- t--

~~V.::ZTblT~, )517Yr40)~~~-~~~ 
0CtiJ'T:~60 
( 0 0 9 l ) cm 2 O)JDJtlf (T)jf;;f~) ;$:Jt/{tfiO)ff;ft~l: ;j'5t,' 

-c ti, m 1 O)~JJtfiO)%tt~t:f*0Jhitliift·f-;.,1121;g.1/ AT 
bl~~~Gtl0~:i.-?4a7<r~J1;Lk~:i.-17~~ 
v'Ti~Wlf 60 
[0 0 9 2) 5to)m l O)"k/J'lliO)Jf;M(;::.~t,.,Tii, e-::L-

lJ-btEtiJ,fJf:l9kt tl.?So ? 4 a fJ,y-;, 3 iC:f}t1J-'f-5 ~~iRL T.iJ•G:W:{iJ•9·0 
( 0 0 8 0) ,<;..--) l\ 'Y 7 7 8 iC::l'3l 'Lii, ;f;i(ljj''-5 30 i -CO)U1f P£J9fJ,:7' '1/ r 17-7 O)fiiJ*fiO)t'.J.{iij'(:fM'Ff 0o 1: 

t} 1 ,<;..--;:}5}t1i-'t t tl0/JVC: -fO)-f'-5 if!1}Z*~ ~1 T « 
-:JfJ,?-,',~ft Gtl00 
(0 0 8 I) .:tl-C, 5:rlf!J-r-51~{~;'.tll7id3v'T, As: 

~@o)J:o)5H~1r·-7 h\ -1 >-r's,, -:7 .::z·rffiR 5 i:¥.-jt, 
T.j,k~ttl, 'lj--1,3(;::~;:J(, ·.'Jl'ffj"~tl, Jfi-'th,ff.fi):i[i 
~tFM;.Ztf,f.\flfa1LtcJ: j l:, $:J(/ft!iuJJf;!t~t:ff/\0fil./Jfffil1i 
7'-:$<Nc{~·1/.::z7-b l f:.tst•-C/i, WJimlftr'-:)fJ~X:i 
5,{ .::Z~,{ > H::tv'T7 7 ,f 1Hri1Jt~rcts fJ, .:to) 

t:::., c O)[i'iJ•uJ:t'.J.Mti, tJUr iJ:miff,Jt: ,t fJ ut1-{~1j1-{ t ~ 
{t•f 00 
(0 0 9 3) JcO)l:::.'1-? 4 a 'c'(J:, {;~xt/;::~·f0ilij0fJj 

11
, r@i~u> t¾Jilf t: J: 0 f:2xt,:m!:@'.oJ$:fl7<rr;&11x't 0 tc . .\6 

f;::, ffiJJ LEfiHgfr'- 5 u) r'i- 't ITT-J ~H;¥ f:: ··--JE it'.TJ ( L ~ 1.,;f1ff ~ 
ifs/:JE90) O):;tl11ff'-7~7\'Y77 1)>-Y'L, l.;.(1~/1[!'!~ 
5:ttiU-f'-517<rib'cJ;.l±l LT 1., ';cS" 
[ 0 0 9 4 ) C OYf-rt c /j:, l::' :i -17 4 a /C 1 \ ,y 7 r 1) 

iRtt~fJt1 Yf''"J 7 .::Z'i'tHt15 k:JcJ!f t trCv '00 > 'ft tl05-ft1ff'- 7 crJ_fi:~::k~ < -ttHi'-t0)51tci:rillJ 
( O O 8 2] 1: tc, ~ 1 -ry 4 a fJ\ ;: er)-{ >r'-11J 7- 40 JJJ!crJfti'clH: J: 0}/!ffil;!:ttit,r1J~t/J:0 h\ -fO):;hrf.'triN 

'i'M~ 5 ~~5RL, mv'T CO)..-( >T'-Y 77.'11tf.~51:t2t ~t1TcTJ{(yt,mYncM11f< iJ:0c 
t1-c1,,{S~f~iJ:t1:/NiJ' G5-J?JIJ·f-:$< ~/llk'!l(~5R · '~·@ 

L, iWi::9◊c 
(o o s 3) LtciJ'-;-c .::1-'ifO)ffci'.tsf11.m\:n1 G0)5-J\l?i 

7''- :$< h1/lli'.l:Xfif't ¢ tl0 Jc.½, JJ1ffJ1Hft-:·.?'- Jo:)')> !lb 
7 7 -t 7- iJ'> r1Hm t iJ: 0 o 

(0 0 8 4) t.tc, 4:Xfff!iO)ff;;tttc::ta~,-cta:, -l}'-1\3 

O)fitl~ii771 Jv7<r{#ftW L t. tc c 0){¥Ht :h -Cv 1 0 7 
y,{~O)~~G~*~tltc7r-1~~~fil900)J;.-C~ 
60 Lk~-:)T, CO)~~-,f'-:$.'~JVATL17<r@ ~ 

[0095J cO)w~oom1-cO)ffiti~oo~, @aO)a 
~~J::0~~~~~T:~0~1llicMd~t:n0z:t~~ 
:ll.v'o Lt:fJ\-J"C l\'J771JY'.1/'tniti½"ii!J-:r'-:$< 
O)filt, @aftM~J:0ffi~~MO)~~~~~aj~~~ 
llli"C:llM,{tt":h0C th\~-Wt Lv 1 c 

( o o 9 6) ;$:'_tJJtiiu>fBft~iUsv ,-ni, 5.J';J;1ff'- 9 7,f:-:~ 
*LT.~G~fil90t.T:OJ~OOJ,f:-m~~00 t.tc, CO) 

tffDtt tltdlzyij,ijf;::t;~Jt, 'L, ,<;..--;:};, •y 7 7 fc:t2t(;.'tL -C 
:ta < 7_)'\!JIJ-f'-51 O)Jill:7<r~~L, ,~ 'Y 7 7 1) y ft n{)JJ 

fuboTV Media Inc. 
Exhibit 1002 

Page 514



13 
'tlJ-r-510iHi:fJJff;_/fC:::&i~(t·l 0 l' :i -1:7/C::fM] l TriVlJ 
900 
[0097)~5li. *~~0IDn~~0~:i-1:70• 

Jidr Jj~~cJ-7" o •1 -:'.7 l'!;l 1: s !J , l¥?I 4 t r,iJ ---· o) 1~~'.!:Nc:: li wa---· 
0Hi'Jl.rHL T {-cDtti~JJ~it'~ L t::. c. c:(H'l¾ 0 tl!Vi)' 
fC::'Jt'TO)Jj-~f L, < IB/.fJJJ-9 ◊o 
[ 0 0 9 8) C. 0) l' :i - 7 l O l~t %l1 1 O)JlJ1filO)jfjjt~!C:: 

t;t,, ,-cIB/_llf:l Ltc. l:: :L - r; 4 a O);,-J'.;lf!J-f'-11tffW~ 7 o)j~ 

(8) ~~wm2000-201343 
14 

cs 3) • c. 0)1tiHc::~~+Htrc.-li·rc.filf:KS'trtifl#Fr,~:1J'>tit<£ 
c5n0 (s 4) 0 

(Ol 10]~~. ~y~~-:7Afflffl5'2#~LT.* 
0)5:rf{IJ'f-!l lJ'~>Kt .fl ( s 5) , ·.\Q:fr'f t tl G ( s 
6) 0 

( 0 l 1 1 ] -t LT, ~:R~fr'.\AWffl95:r0);:r;A'l)-'.r'-!l iJ\ 
""'--;:1,•17 7 s ic:::W:f§•t nrc.tJ,;siJ,iJ'i'J'.!Jxtt tl cs 
7) , §tff?t.flT 1,'GJ:c&iJ/i·.Jj:, (Jff:iJ<ifjfJtt/1t.flGc 

fl~'2~Y!Ltdt)iilJ·r'-5'·.\!l:frrnfl 1 1 '2frrn;z, :WrJfJ0)~J1£ ( 0 l 1 2] ~fr~ttrn \~t,±ths!C::l;t, N-Jif~CT)'.JJ\tll 
t l TffJrfilHlfUt{ff; 1 2 'S:'Nhn l Tt'00 ~ re., c O) ~ .:i. 10 -f'-1 iJ,tt::-:R~ tl, ·.\Q:frl"t .fl0c 
-1:710li, ffllO)~~O)ID•t~~0)~~-~-5'~ (0113]~7li, *~~0IDU~~Gl:::.i.-910 
frlV 7- 'T 1~ l f;::if;):WITftltn:SGa 
[ 0 0 9 9) Ulft1tH1lJiJ}fl 1 2 ii, 5t;~J-f'-1 ~iR{ff; 1 1 

t/i+J--; \ 3 (c.5:rmij-r'-1 ~fil!::R L,, c.CT)5-ftN-f'- :-'.;? 7-!::~ 
{,'#~t G ~ T·0)LEH1t] Ct.CF. 1~;i<~fa-lltHWJ t t' °J) ~ 
il/iJJ'.E9 00 
[0100)¾~. CO)~J'.E~ntc.~*~~~~72-~ 

rcf:l:n\0 t, l\'j 7 7 1J YJ'(!)lit;{tc3Rrdift: < ~0,, l 
tc.iJ\-:J--C, fl#fMHttJ'.Eilll 1 2 fi~ 1Y'ii\B1-?r#tc.-tt~tc.66/c 
~~~66(!)ffl~~*~~~~tLTm~90c~~~~ ~ 
~u)~3j(,~{t!U#rWif 0. 5 fJ>c' ®-:J T t L, T t, ~3j(~ 
{JfJ!H11J'2 o. 7 t.!U:: tltJ'.E l, fNJ'.E9 00 
[ 0 1 0 1 ) c. (!)U4frlJJm~gr5 1 2 tz:-tn \ T. ~*~{Jff,¥ 

f;,tlfi, tJ4:'ttitJ~fsLJ~'f:lC.fi5-i"!f!J-f'-:51:IPtqt~ nT~fil~ 
t10 [:{t(;:_f'j.m~ ~ tl, fc!!#J'r~ tl00 
[O 1 0 2) J:tWJ-r·-7-~fi:1tli 1 1 fi, Jc0)i)!c; 1 (!)Jiffif!i 

0)ff;fi,~c'fillJY1 L td:rt~U-r'- ';I ~f;}~li 7 t it,J~09f!Jf ~fr 
°J :IJ\, ~t-1;; 3 iJ1 G5-J'JfiJ-f'-1 '2fu't,h.tb9~~0JdliJ"fft 
~-::,Tt'0,, 
(0 1 0 3] Jfi-'tF,ij~{H)fHZ::f3v'Tii, C.CT)j:_)';lflj-f'-';l~W'. 30 

ffHm 1 11;:1:, .-"\-:JJ\•Y77 s r:J;Jo)5.1;m1-r-1o)flf:'t1t1r 
tillCT)f?iitiJ1*::R1t{i$!ifill1-?i!n ~ G ! 1:, -l;r-; \ 3 lJ' G 5} 
j!{lff'-7 J.i'..\!l:ffj'9 0 0 

( 0 l O 4] ¥ff'-t:rf-1/C::t,v>T!i, l~-l'fr-Wtr{W)'.J:/'WrJ-'f­
lJ. iC NlillHt~:r~ il Tl >o}ff-:'tfffit1]'11fi~l:IJ'Ji;RO)it&5J<:~m 
fJ!f[1}j;{r/J□W: L, c. 0)fJfJW:{itl!C::~\ltt Gf!J:"tffH!l'tMfB;::f,m 
~Nit~ nrdJWJ-r'-712 ~>R L, :W:{itt 0 0 9 ?J:t> 
i::,, 1'JU lJ'!!l!:ltW'.{,§fJ!f[1kjiJ'> 0. 7 rJ> t;f;):?1.:t t1-n\0 t 

(!)ffi4~tt/1•(!)~~~~97a-~~-~c'~0,, 
(0 1 1 4] flVU~~t1fffc:::tst\T/i, ✓'\-:};,,y77 8 

(C::\~~ tJ1t) IJ ( t 1 ) , 7)''J1!l!::.RJl:@fJ!fN~5-J0)7j''tifj-f-
5' 1)'✓'\•-:JJ\''.i77' 8/C.lJ:l,,iJ}af;-/C:: ( t 2) , ~CT):j-ftl] 
-r'-1 iJ)fil!*t t10 ( t 3) , 
(0 11 5] ~:}3, C(!)Frm:t, ✓'\-~.),-:;,y773p-q(!);j 

1;11-?·-1,;1:•?·:1-F~nw~t~t1-ct\0 ct 4, t 

9) 0 

[0116)*~-~3j(thk~~~-J~~ill~n 
c t s) , c (!)7]'\!jlff'-1 i}mHf(!)n"fill·?'-1 :1:J,Tf.fiJ,tJ1 

'fiJrJ'.:~tl0 (t 6) 0 

[ 0 1 l 7) MH&0;-nrn-r·-:51o)J:}}&ic::1t-f'::t- F¼'l::fJH 
&UtJ4:'t~M~~h(t7) ,¼'1~~~7~h0a 

(O 1 l 8) fiM&u>i.tWU-r'-511:'iJ:t.-,ftlfHcli, ~5f7i' 
ntc.-tttc.~*~M~oo~m~tnCts). ~~-Fm 
J]JO)?tfi·/;:_J:r)~@f{(fr'-:9/F!¾-:'ttn'J~_) (t 9), 

J.-.it20mrm-J}~ 0 J&:t 1100 
[ 0 1 l 9) .LJJ-.i\)'tflfij L tc J: 'J /;::, 4-:~i3/fiiO)}f;fi~ic.f*0 

l:::':.:i.-171 Ofc:::tst•T/i, -lf-J\!C::5-J'Jf!j-f'-112¥&::-tzL 

'fiJ' G~ffi't G i 1:0)1tjffJHc:: §;1,'0)~5:rl.rfJU;z r.:~tuHJ 
0)7J"Jfij-f'-5'7J1.-"\-:)';\'Y 7 7 8 !C::tf,fl1~ i100 
[O l 2 0) LtciJ,-,~JT, it:,¥&m1J,pfO);,-J't11-f'-51cr),h. 

i)Vi[:fr/iW~ ~ il0 tc.60, fTfl-1:Jm~f?ic'C1)it!iftflfcri&@ft°t 
o c. t iJ"T~ Ga 
[ 0 1 2 1 ) OJ.B O)J{tf!!iO)W,U) IJJ@iff.:Y0·-:9 O) lWt. 
~~- ty~'}-70)fi~~J:~@~O)fu~~~~~~ 
~-5'(!)~~~~*•t~0t, ~ffiS-f'-IJ.~~:i-

·t0 t. 0. 7 f!M:%:ic:ffi4tt10 c. tlc.¾05:r)iilff'-1 7li.::fc5l.•'-ntt}]n¾ < ffi~tth¾v ,4'J;5iJ,;:fS00 
'2¥J!~RL, ·.\Q:fr190" 40 [O 122) 4<tai!i0!Bft~tc:::tst,'fli. C.(!)J:"'i~t}af;-
( o 1 o s J _t-:a201']¾if4f1x~frt01:::· .:i. -1:7 1 o a) 

1l!J1f'nC.'Jl ,-c t-Cflc.t.J1SJ:lg G, 
(0106]~6~,4%~(!)W,8~~G~1-910 
0l-44~~~f1:'0)~~7-!::~g7 □ -~~-~T~0,, 
(o 1 o 7] co:n:·.:1.-91 0/Ct3l'-u.L t·f-1/'-r· 

,y7:z_,m~5i}-l;r-J\37J'G'.\!t{~f~n0 (s l) o 

[0108)~~, C.O)~Y-f'y,~fflffl5t~-~0 
m~r1f~t=tt--:5t \ l, W'ctJJtl~{JL/fj:(!) 5:i'tilJ-f'-1 TJ1~* 
~Tl0 (s 2) o 

[O 1 0 9) ;ff(!;:, ~*~-tl.tc.i)'i1J-f'-:9:IPlt@tn 

ic, tWt(!);irt,iJ, G -c ti il'li3ili{i~t'@t~5-f;lfiJ-f'- 9 f;:: tJJ 
'J :tt'.!x --c fi;i~1rt ,_ c nic:: J: ~ 7-b- ::Z-iJ:tif:J-:tcr*UN 
9 0m!Jlill1{~{-f'- 9~2m>A.:Y· bfC'Jl>Tt,JfSJ:jg Go 
[0123]4%~(!)W,8~~~~~--f'-';l~{tlV~ 

'Tbli, ~ltMW(!)~~7-!::#90~,XY:J-Y&U 
1::· .:i. - 71z:ttmrJ(!)~flliiJ1f;J-J11J c! n 'fl 'Go 
(O124)*>~~bO)X/":J-Yli,~O)~jjffi-~ 

-51~~-T~~, 7-~5~~#1Y~t~-c';i56~ 
[tJ-(!)~{t/c:::/3~:r0fr;~J!J:U¼-Jf~'i¾0t!JJjjmf.l!J(!)5J:1W·f' 

50 -5'&u'<{ YT'Y -7 7-'FMi~±nlt9 0o 

fuboTV Media Inc. 
Exhibit 1002 

Page 515



15 
[O 1 2 5) £t1:, ;;tV7--rbO)l::::i.-1:7ta:, @b.R~fi:-1 

utnuiz:¥-5v, -c11wu-f·-7 o)tffi1Wl~tf~9 0at.ili~,pft 
0o 
[0126]ct~, ~]O)~fttN~0-~~~90I 

::,; ::J-5l. B(Ur::' ::i. - 9 :z:·-::)v •TiW L < K?t~Ji'9 00 
[ 0 1 2 7) ['kl 8 Lt, ;ts:y(;/ft!iU)}f;!i~1Z: fi0filJJ@H~-f'-5 
~ffiV7,-rb~S~Gh0.IY::J-~0)-~~~97□ 
•y '.'.JlY{)TJ600 
[0 1 2 8) C.O).IY::J-'.il 3tL .:r:.::;:1-Ftt,\+.:, 

(9) 

1 -_)U)i!i1/@J{f6"'- :9 iJ, G fi;t-:~)ItU)¥i1"3: 0 fffi~tW.)JljO))J 10 
WiJ·f'-5 ~{{-:/iX L, H1.fJ9 ◊o 
[0 1 2 9) "1::ts, tCflc:.}31,,zta:faEJ£J.rf0)~~0 2 

-:JO)'{[f\}}ljcr):$-}};fj-=f'-37 ib?UJX¢ n0tif.1~WrJ t L-C8Yi:fJJ:j 
·t '6 /J\ 3 -:Jl-J, to:ifr11WliJ1~+::1jx'. t t10 tJ}i'r t l~iJf>R-CJ5 
ii$" 1tc, C::CfJ2-:JO)f,li'.1)rJo)'.5 t, --~:ti~~~5tJJ·J''-
3J t L,, CO).fiWW1½'1!ilJ·f-:$( J: 1) t{iEJMffi'.0),,£1,,•S? 
----1I~i%3£5-.rtrJ'f'-3J t L, -c;mnwt '60 

~~wmzooo-201343 
16 

f:fiJ fftt:5-1 o:i:5-1W1J ::f- 3J i:;Vi - :> 1 ,; -;, 7 7 s re: tMf~ c t1-c i✓) 
0 iJ·i;§n·t}'fiJJE~ t10 cu 2) 0 

[ 0 I 3 8] C C.1:\ ,W:-)<{i~}t;S1till5JO);;};ti!J-r'-l;ztfi"' 
-:>,\ -y 7 T s rz::tr1~c i1 -ci✓ ,ts.t ,t~#;z: Lt, ;: u)~:R 
fiErtM/J!t}A ~ 9 ~-0 tP~h'iJ\1tfi!J-f'-3J ~-l=Rt1~~!: J: 
-::>T'FIJ1.i.:ch0 (u 3) o 

(0139]~*fu~~00~*~9~0~0~ti, -{y 

-f'.y J; A'IWf.U 1 4 0)5:rm-1J-=r'-79'IJ0)7 t:,fi;}X~/icT);iilil• 
ii-iJ,:;_IHRcn0 (u 4) o 

( 0 1 4 0] --~ti, 1l!*fiillU/.H1t1iJ"};:t9t'"1:v •t~frfZ: 
Ii, .fili:¥fa.illff!iFn91J)lj\ C ·t~'"1: l, ,;o,j:fi;b,iJ1'FIJ£c ~10 

( ll 5) o 

( 0 1 4 l J ~:-:R(i~illlt.¥f%JW1J) c 9t 6 i:JJi0iZ: li, -{ Y 
-f'.y 7 7-'ttH~ 1 4 o:i5tJFF-:$<'fljO) '.5 tfii~iill/i!tlT)~l, 
ti·iJ,?iHR t t10 ( u 6) o 

(0 1 4 2) tL-c, c.o:i½'1l1J-:?'-!J;tHR~i'ii§lZ::d::-JT 
;fil/-l=H ~ i1tc:filUJIJfZ:t31t 0 J:o:i5}11/IJ-f'- 7 /J\ +t-1 <;/z:iJJl 

>J<ch0 Cu 7)" 
(o 1 4 3J co:inm:t, 1E.t1i~_iH~-f·-:9o:i'f'::r-FY11Jm 

[ 0 l 3 0) ¢ !:J /Z:, C. O).IY::J- :i 1 3 i::t 1t.fi.t~ t1 
tctl'Fitn'*'l·f-:9o:i7 71 ;L,i't t@ift5-t&iff'-70)7 T 
1 ;1.,,g~jJj.•±0iff{IJWFtRiZ:l:~jffif1i:rt: 1Y'f'-y77-'/'wfR 1 
4 ~::':!::fix L, 771Jvf0itTtBJJ'900 

20 ib'Xfrtn, PJ4.i:;'"1:cnTv•0 Cu 8)" 

[O 131) '9"1:-bti, co:i{::,;-f-,:;-77-'riHiU 4/Z: 
11, =&tWHt11{1J•11rn~iz:tttt&f1Jo:i5n11-f'-1;,o:i7 ;111vi 
t}l~l~NtJ- G t-1 -r :13 IJ, c o:i1Wlii[i'i1~ 0 {ij~iffiJWc: ~ 
0 J: -3 [Z::I.>::J- J-:thtd}l!J·f- )<'9iJTc!S00 
[ o 1 3 2) +t-1,t;J:, t~1ijt5JWIJ-f'- J, ir~i~'.StWl-r-

1, -{>'r-,Y'.77-'rf'f¥R~7T-{JL,t VCi!'ltH.,, 75-1' 
7::,;~o:i~1-7~G&*ch~7T-1'~~ill~90c 
[0133) ~1-1J~,m2o:i~~o:iw•~~0~s 

ffHn5 I 1 l:5};fljj''-:$<'~iR11iW!§iJ'fthu¢h--Ct)0J.'?:i:rr{ 
~0o 
[ 0 1 3 4) ;: O))Jt}lff-Y~.J:Ratmit, t,,~1}Wij-=f­

:$( ~.fili*LT~G~ffi90 f TO)~OO~, ~oom£$ l 
2 -C:tit£~ ~1tc.fili:::J<~fi:Wt!HJJ: 1) t)::rpM/;:A~ v ,tJ]}ft 
tz::, Z, •y ~ tJ-t10){i;_ill;}il[}tiJ'i7}ly]Jj"-!JO)fiill~.ffrJ:: 
rJ t~t,t'f:1J~Ir-t00 co)tt10, 1-n1J'f'-5~:J=Rfin~ 
ti, -{ Y'f'-y 7 7-'IW'?-IU 4 1-t-10)5};!\lJj"-:$<'0)¥~~~, f;\'{ 
~)t;};iJ-f'-!Jylj;b, G ?;.'.lj:i£7J?Jlj'f'- 9 JIJlZ:t;J] I) f'J!,:;t Ge 

(0 1 4 4) ~*ctltcJJ%1J-r'-:9iJ,"}tf;o;ctl0t (u 

9) , ~5:t~t!Jt:-tttc~*~{JfWfffifJ'tff'.i±:'.c h0 ( u l 
0) 0 

(0145].'.fLT,~*90~~::-;-37~~<~0 
(u 1 l), :lr:Jfi}!:t.907J'gliJ'f'-5,<t~<~0t (u 

1 2) , !i11{~b'f%1T'9 00 
(0 146) filf;:Jtf05J'tlJ·f-5,<iNJ:(f·<J-0fijiJ!Ua:, 

J.-.it2o:imrmt}~ 0 ill:¢ 110, 
[ 0 1 4 7) l-;,(J:i\)'tflfiHJc d:: -3 fc::, 4-:~H°fiiO)}f;!i~!:fj<;J 

U);r1\t1ff'-5,<if4.ti_x'.¢ ~1, yj\:1jljj''-:9 ~~J: L Th' 1?;~ 

fi~"f 01 TO)fJJllliib'f~v ,tJ}&tz:: ti, ~ .2 - 17 i;J: {iill.k'fL-\t 
o>:;iliv '5'/trJ'f'--:$1 ~MtZ1J.tf19 o 

(O 148) J~t:, '.SN1rJ'f'-:;10JJ,;:;gljc1)t;iJ 1J=M'.::t!;J:~'.S} 
·trJ'f'--:$1 U>MtJJ.HHAiHZ:h -5 ;: t h"-T~ 7;i t:.'cfJ, iliJJl!l!Ht 
j"-'-IJ O)ji]~t.Fi~M.11?llU'5v )T tfi;ill;}ilf}f~':lt~9 0 Ct 
fl•T t, :{, '1/ ~ 7-7 U)~Ri5t%'.F£/C*f){tc::;,{jJ,t;·9 0 c. t 
iJ"T·f!.00 
( 0 1 4 9) ¢ Gk, iiill.1£/ftk*lliO>JSM&Jftlz:i;J:filli 

(o 135] ---·h, i%iill5'H1ff'-7~~:RLTiJ'G~1t:t 40 ftO-Jcl::v•51%'lJ-=,0·-11z::~X:ft!:90Ctib"T't0" 
9 ii$ i -CO-JPlfn\JiJ\ fJ!i'n~-t#Ui.:fffl 1 2 -cfil'ii.: ~ t1tc iJJi;:_R,~ ( 0 1 5 0) r;;i .7... tz:, '.7 '7-17 > ~ vJ l:' 1 - 7 T@Jfillifj 
f??mJ'fl,UJ: I) t00t1!}jfiJ\c < ~-:itcJJ101Z:l;l:, z. '1/ ~ r7 
- -'7 O)fii~3£/i!ti.J'5-J\c\1j::f-3J O)fiitiilllid:: 1J tJ£ < ~ -_) 
1: t '~1J~H L, 1 :,;-?'-:1 IJ 7-'1fH1U 4 i:f:;0)5-J'l/~-f--Y u)t~ 
lfst~, ~~JMfrili!J·:?-:$<' iJ• G{i;fiillJ!Hi~v ,iJ)f~_ijt£to)J: v, 
f};l/¥\t5jtrJ'f'-:91/rHcVJ IJ Wi:z 00 
( 0 1 3 6) ~19 (;l:, C v) l:' 1-7 t::}:;v,-c+¥?1:fml,z-M~ 

tz::~fr~ h0!iJ1JJH~1r~'97 o-+-r- ~ TJSi!Sc 
(0137) co:i~1-tJTli,~~--r-lJ~::f~­
Pth, W4.~h6~(ul), .'.fnttt~~~*~~ 

::f-!J~~t;i]t1~<, .&Htz:¥Wt'96 c t/-/--ct'6o 
(0 1 5 1) "1:t-3, _[·:820)~XJ'ftl!uJJr3fi~lC::t'c51i•TIBtUf1L 

t: I:: ::i. -1:7, I> ::r-:5i'O)~fIBCt, ::J Y t'. ::i. -!J IZ::~fi 
¢ --t! 0 C c: O'T(i t 0 7◊1::l '/5 b t LT, ffu x li'llil5<\ ~f-{ 

7.. 7 (7 P 'Y 1::'.'--f' 1 7.. 7, 1 \- f j''., 7, -';l'.~) , Yt-f' 
.-(A-7 (CD--ROM, DVD~)' W~1*)·1:- 1)~t 
uJr,cfi~f*fz::~t i.6!v T~/H Ltc: IJ, illl{Jilif4:tc: J: fJ {i; 
iliL--C~-~~~~ffl90Ctt~~T00, C0)~1 

~ -?~i::;:i-Yo:ia~~~ffl'9~:i::;t'.i-3Jli,~ 

fuboTV Media Inc. 
Exhibit 1002 

Page 516



17 
i.;v.~1it14s:ic.;12~t tLt: :to !/5 b'lfd>t'J-J.J6'JJ., 7°0 1f5 b 
fZ: J:--=> --C!llfJfl:'iJ'ffilHij~ tl0 ct (C. J: fJ, .Ht L td[[J!~ 

(10) ~~wm2000-201343 

18 
* (~2]~~~~M-~~00IY~-Y~8~~~9 

1'D"J 7[~Jo 
~fr9 00 ([Af 3 J [,1J~ff!!iv>Jf;ft~tc.f*0l&li~jf~-f-:$'rli:¼11/ ::Z 'Tb 
(o 1 s 2J ic.1ftt 1?:>-t10·rt-.1w>m11x,►-;j~~4-7"O·1:'.lr~1o 

[feH))O)JMRJ t,(J::tf~2 LJ: J:? iZ:*.Jmrci:t fJJi®ft (~ 4] [11J~h'J!iu)jf;.tc.f*0 l&Ji~j(~-f'-:$' /j2{g1/7, TL 
-f'-:$' ~5rffllil l.JditxO);r;}.11-f'-:$' t, (. o)rr5})ij!Jj''- iC.f;m.t 1?:i.n0 l:: :L -170)tt~~;j~7"D '1/ -7 [~lo 
:$' t-f.n-f';hu)jli- 1tBJt1J'tM¥!1t~rim~MU-t::A '.,.,'f''-y r; ([~ 5 J *Jtfl):Ju)ffi 2 O))l)JffiO)ff;!l~tz:1~0 l:: .:L -170)t~ 
A t/Hft,►--lj-; \fC./if/J;z_ ~o nlt~if~'f 7"D '1/ -:'.7 [~lo 
( o 1 5 3 J -f vr, tJ1@l{fff'-:$'-rJ:1U~tiiliHi, t 1' ,{ (I'm 6 J [j'l]J(JRliu>}B!l~tc. 1*0 e· 1 -r; o)ffi~tr,~tmMi i c 

Yf''-y 7 J'..'lffiii!~:W:f#, L,, -rJ:1:~r,~tm L t::v'{{[i[to)rH.HltJ 10 o)filtff.~5R'97 o-1--r- J-,, 
lWtJMRU~r:/Z: OOillHilt 1?:itl '"[!,- )05-1\tr)-'f-,j ~)il]f:-'J~Ml: ([~ 7 J [Ei])()Jffiu)}];!l~tc. !*0 e· 1 -r; O)!Wtn~tm1&0)1!l)J 
'JJ.~9o ~~JG97D-'f-~-J-o 
(o 1 s 4J c.n1::J: !J. +r--,w>~1Jx, Jmtig1::r=:1rtn 

,t 0 C t ti: ( , 5 Y ::!i'L 7 7 t J'../Jffiffll§lc. ti: 0,, 
[0155]1~. c~5YYL77t::Z~~~~Mffl 

h"+r-1 ,;vci::tti: < ~J1liful~-:?-J:µ.i:ct'llimHcd::-J T~frc 

(I'm 8) :{(lf£f]}ju)m 3 O)'J()JffiO)Jf.;!l~/Z: 1~6 !JljJ@j{j-j''v-7 
~Mv::z~L-.~■xGn0i:;::i-Y0■~1rffi'97D 
'1/7~,. 

(!'m9)~~~~ID®~~0~ili-T-:J&~V::Z~b 
110 t:6':i, '7 yr/L-, 7 7-t:'. ::ZW1r/Z: J: 0 +j--J\O)ft{t/fu) fZ:flriix G.tl:/$ l.' :J. -t_7~-W~tf1t1~1&0)f)Jf1=1<i:'.}1'97 L.l-

iWJO~l½JL90 C. U/1T't00 1-->r-J-, 
(0 l 5 6) ~13/::, *}ePWCli. !JjJJi~.iH~-r·-:51¥}'t~ (NfJO)t1l'i!SJ-lJ 

t~f;::~;t_ 0 5J1Ji]T'-:$< ~Jlt1i:'., 511irff'- $' 1i:'. ~::Jt VOJ) 20 1 --·fJJii~i®-f'-:$<W!cfJ:,,J'.. 'Tb 
G c.~½';JI!j-J'-51i:'.~1itt 0 i '<:O)fJ#f}JJ½' t 9 0 c. t 2, 1 3 ·--I Y ::I-;!i' 

[OI57]~G~,*~~-r~.~~~~~Wtl:0~ 
~ffilg1Jo)5-1Wu+·-:51 ti'f+Hi'.t vc st. :z, •1 J, i;- :7 0:JR 
}YtfZ: J: ".) --C~{~'9 05-1\t1J-f'-5 ~fUJ!J,►--f;lJ 1) ~;it_ 0 C. t 
'C, :t 'Y !-17- 7 lU0tt 0:f'l.-J\/j~l~;fg,►-)1:l:r 0 2: t tJ: < 
7.L-7.'tJ:N±i}r.1Jfm t tJ:00 
(l,gj iii u) ri:~ W-tJ: ~}I'. FD=)] 

(l,gj 1 J *3FVJJ:]O))'f'j 1 O)'.,t/Jl!jO)ff;PJIZ:{J{:01W.JtiHi{li''-9 30 

rl2{ri1/ AT Lo):m,)J,x~~'t'"J'o ,y 'Y [,gfo * 

I 
( 

1 l&i!iil'r-~lefl~A"TA 

(l'i\1 l ) 

3 ... +J--; \ 
4 ... 75,{7::,;i--
4 a, 1 0·--1:::::.-17 

5. 1 4·---{::,;-f-11::z·mw 
6 · .. ,{ YT "J 7 ::z ·lfi ¥hl)1:{~·gr5 
7 , 1 1 · --5-)"..lflj7- 5< )1:f/'H!lj 
8--·-"\-Yl\''J77 
9 --·7::I-:/ 
1 2 ---81f P&HUi:~11 

fuboTV Media Inc. 
Exhibit 1002 

Page 517



2 

douga000008, 

LJ 

dougaOOOOOO. 

LJ 

;!Mt' -J(7Y'f/l,) 

dougaOOOOOO. 
ugs.000003. 
ouga000006. 
douga000009. 

IIJ~ll.fl!J ~•w-t 
- J-,.(f>t, 

00:00:00 dougaoooooo. 
~-'""00:00:03 dCJUga000003. 

00:00:06 douga000006. 

(a) 

8 

::i..--lJ'A:tl 

(b) 

(11) ~~wm2000-201343 

([¥g 3] 

0::: _,;.;:; 

~fir- :$1 (7 J>-< 1~) i'H,-.*U ~•w-~ 
tt• 7r(J'4!. 

dougaQ00003. 00:00:00 dougaOOOOOO. 

douesOO. EJ doues06. 00:00:03 douga000003. 
00:00:08 douga000008. 

5 -
I 

3b l 3a 

.,r :-7'-;-:?.-X.iHiff ~s1 

ftfJJ©~iff'-,S, t•,Jt s2 

11:i:!t!ffllltllllt 
ftt1)(1)~1H''-1r t:!'i:fl 83 

11'1t!li!Pll!t$lt s4 

*o:iiH!r-? UfJJt s5 

:,X©~i17'-~tff s6 

NO 

fuboTV Media Inc. 
Exhibit 1002 

Page 518



(ligj7J 

NO 

:19 
l 7:J- 1"~11·~~ ~7 L-------- _______ J 

(12) 

(815) 

10 l::.::r.-? 

8 

~~wm2000-201343 

(819) 

• 
51 ,-----'----

r------- --------, 
, 7'::i- ttH•llJ!t ,--u8 
L.---------------- I 

!Ill 

NO 

fuboTV Media Inc. 
Exhibit 1002 

Page 519



(13) 

[f~ 8) 

Dougat_OOOOOO. 
Oougat_OOOOOO. 

:i:.;.,::i-:$1' 1-----0-t--l Oouga1_000008. 
· Douga1 __ 000009. 

13 

~~wm2000-201343 

iti>11'3-ll!H"- :St 
{7 7 ,( JI,) 

Douga2_000000. 
Oouga2_ 000003. 
Oouga2_000006. 
Ooug82_00000!.l. 

00:00:00 
00:00:03 
00:00:06 

douga1 ___ 000000. douga2_000000. 
douga1_000003. douga2_000003. 
dougai_ooooos. douga2_000006. 

fuboTV Media Inc. 
Exhibit 1002 

Page 520



,.... 
<C 

""" ,.... 
0 
Lt) 
a, 
M 
,.... 
D.. 
w 

(19) 

Europaisches Patentamt 

European Patent Office 

Office europeen des brevets 

I IIII Ill II IIIII II Ill lllll II Ill II Ill II Ill II Ill lllll II Ill II Ill Ill II II Ill I IIII 

(11) EP1395014A1 

(12) EUROPEAN PATENT APPLICATION 

(43) Date of publication: 
03.03.2004 Bulletin 2004/10 

(21) Application number: 02019052.6 

(22) Date of filing: 27.08.2002 

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 
IE IT LI LU MC NL PTSE SK TR 
Designated Extension States: 
AL LT LV MK RO SI 

(71) Applicant: MATSUSHITA ELECTRIC INDUSTRIAL 
CO., LTD. 
Kadoma-city, Osaka 571-8501 (JP) 

(72) Inventors: 
• Rey, Jose Lu is 

64287 Darmstadt (DE) 

(51) Int Cl.7 : H04L 29/06, H04L 29/08 

• Burmeister, Carsten 
22081 Hamburg (DE) 

• Hakenberg, Rolf 
64295 Darmstadt (DE) 

(74) Representative: Grunecker, Kinkeldey, 
Stockmair & Schwanhausser Anwaltssozietat 
Maximilianstrasse 58 
80538 Munchen (DE) 

(54) A method of transmitting data streams with data segments of variable length 

(57) A method of transmitting data streams between 
a sending host and a receiving host using a transport 
protocol comprising the steps of making available data 
streams at the sending host in the form of mono-rate or 
multi-rate content streams having the same content but 

MPEG-4 
SERVER APPLICATION 

RTSP 
STREAM CONTROL 

PROTOCOL 

TCP SOCKET 

IP PROTOCOL 

Fig. 1 

different encoding rates, establishing a connection be­
tween the sending host and the receiving host, transmit­
ting data streams with a selected encoded rate to the 
receiving host, and separating the data streams into da­
ta segments of variable length at the sending host as 
required during transmission. 

RTSP 
STREAM CONTROL 

PROTOCOL 

MPEG-4 
CLIENT APPLICATION 

TCP SOCKET 

IP PROTOCOL 

Prnted by Jouve, 75001 PARIS ("R) 

fuboTV Media Inc. 
Exhibit 1002 

Page 521



EP 1 395 014 A1 2 

Description 

[0001] The present invention relates to a method of 
transmitting data streams between a sending host and 
a receiving host using a transport protocol such as TCP. 
[0002] In network communications between a send­
ing host and a receiving host, the transmission of data 
packets is mostly done on a best-effort basis. In the 
communication link, the available bandwidth and the 
current link conditions vary and hence, the end hosts 
must be provided with mechanisms to probe and adjust 
themselves to the current link conditions. 
[0003] With the development of 3rd generation net­
works, so-called streaming applications are gaining im­
portance. Streaming applications are understood as a 
continuous stream of data, e.g. video or audio data 
which is typically sensitive to time delays. In order that 
the user will be able to receive multimedia data streams 
on a portable receiver, for example a mobile phone, sev­
eral requirements on the transport mechanism will be 
imposed in order that the delivered data meets with the 
resulting time constraints. These constraints are difficult 
to meet in a best-effort environment, which is subject to 
bandwidth variations and delays. 
[0004] To cope with the problem of bandwidth adap­
tion, it is common praxis to make several data streams 
with different encoding rates but same content available 
at the sending host. According to the available band­
width, it is then switched between the data streams in 

streams of fixed segment length, the data segments giv­
en to the socket are made smaller before, during and 
after the switching. For each content several video 
streams encoded with different rates are stored at the 

5 video server. Under normal sending conditions, i.e. the 
transmission has reached some equilibrium where the 
bandwidth is enough and the losses are not dominating, 
the video content is passed to the sending TCP socket 
in segments of the same size (irregardless of the stream 

10 encoding rate, the segment size is a function of the link, 

not of the encoding rate). Only when the server is noti­
fied (or knows by other means) that a stream switch 
might be needed, then it reduces the size of these seg­
ments. 

15 [0009] Further, with the method of the present inven­
tion, it is neither necessary to modify the originally en­
coded data at the sending host orto modify the transport 
protocol nor to introduce additional control messages. 
making the method easy to implement. 

20 [0010] Preferably, the switching is performed be­
tween data streams of different rate and the variable 
segmentation of the data streams is performed around 
the switching instant. Hence, a quick stream switching 
from the old to the new data stream can be performed. 

25 Further, preferably, the segmentation during, before or 
after the switching instance is made finer, such that the 
switching operation is more resilient to an incorrect de­
cision and enables a quicker, further switching opera­
tion. 

order to adjust the rate to the available bandwidth. In 30 [0011] Advantageously, the step of switching be-
other words, multi-rate content streams at the sending 
host are transmitted and switching operations between 
streams are performed depending on the available 
bandwidth. The current stream is forwarded to the re­
ceiving host in one piece and consequently, for every 
switching operation, the ongoing connection must be 
torn down and a new one must be set up. As a result, 
this operation is inefficient and decreases the data 
throughput. 
[0005] Alternatively, it is possible to transmit only one 
stream of data to the receiving host and to discard data 
packets based on priority and time constraints. Howev­
er, this leads to a loss of data and is therefore not an 
optimal solution. 
[0006] The object subject to the present invention is 
to minimize the latency of the switching operation and 
to ensure fast recovery from an incorrect switching de­
cision. 
[0007] This object is solved according to the present 

tween streams involves a feedback message (e.g. an 
RTSP command) i.e. communication between hosts 
when a switching operation is needed and when to make 
the necessary preparations therefor, for example, to 

35 start with finer segmentation. 
[0012] It is furthermore of advantage if the feedback 
message includes at least one of the parameters, which 
comprise the length of data segment, an identifier of the 
data to be sent or a stream control command which 

40 makes the operation smoother and less susceptible to 
data losses. 
[0013] Preferably, the length of the data segments is 
gradually increased after a switching instant to reduce 
interface communication, i.e. between application and 

45 TCP socket. 
[0014] The present invention will be more fully under­
stood from the following detailed description with refer­
ence to the accompanying drawings which show: 

invention with a method as set forth in claim 1. Preferred 50 Figure 1: 
embodiments of the method are subject to various de-

the basic architecture of a sending host 
and a receiving host connected by a com­
munications network in which the method 
subject to the present invention can be 
performed, 

pendent claims. 
[0008] The method of the present invention supposes 
the existence of multi-rate content data streams at the 
sending host. With the method of the present invention, 55 

it is possible to quickly switch between data streams that Figure 2: 
are variably segmented at the application layer as re-
quired during transmission. Instead of using data 

2 

a block diagram of a server architecture as 
the sending host in which the method of 
the present invention is performed, and 
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Figure 3: a block diagram of a client architecture. 

[0015] Figure 1 illustrates the basic architecture of a 
communications network for connecting a video server 
as a sending host to a video client acting as a receiving 
host. The communications network is, for example, a 
UMTS core network, an external network, such as the 
internet or an internal intranet over which the server and 
the client communicate by means of a transport proto­
col. As transport protocol TCP is selected as an exam­
ple, but it is clear to a skilled person that any other trans­
port protocol for transmitting data can be employed. 
[0016] In a more general way, itwill now be explained 
how TCP handles the exchange of data between the 
server and the client. 
[0017] First of all, the video server needs to transfer 
its data to the protocol and tell it to send same to the 
client. To progressively read and send data, the protocol 
uses a kind of buffer with added functionalities, a so­
called TCP socket. Generally, sockets are unequivocal­
ly identified by the IP addresses of the correspondents, 
the protocols and ports which are used. Once a connec­
tion between two sockets is established, the communi­
cation can be controlled by use of interface calls, which, 
for example may comprise "create a socket", "bind a 
socket to a transport address", "accept" or "close a con­
nection", "send", "receive" or "write" data between the 
sender and the receiver. 
[0018] Wide-spread socket implementations are UN­
IX BSD 4.2 and Windows Winsock 2.0, where equiva­
lent interface calls are implemented. 
[0019] Each interface call has parameters, e.g. for the 
"send" call, parameters of relevance are the socket de­
scriptor, the identifier of the data to be sent and the 
length of the data stream. Once a data stream is passed 
in one call, no single bit of this data stream can be mod­
ified. The only way to abort transfer of this data stream 
is to break down the connection. 
[0020] Nevertheless, in order to close the connection, 
the application must explicitly issue a "close" call. Inter­
face calls can be queued as, for example, in FTP. When 
asked for a file, the FTP server usually issues two inter­
face calls for this transmission, namely a "send" call in­
dicating the socket, the identifier of the data stream and 
the length thereof and a "close" call identifying the sock­
et. The two interface calls are put into the queue and 
when the "send" call is completed, the connection is ir­
reversibly broken down because the "close" call was 
next in the queue. 
[0021] Alternatively, for example, in case of TELNET, 
the connection is established and the socket is set to 
wait for incoming data, i.e. commands typed on the key­
board. 
[0022] Of course, the application can be configured 
such that the server only issues a send call and waits 
for the client to close. However, this is uncommon. 
[0023] Additionally, it is assumed that the TCP proto­
col provides a means for asynchronously signaling cer-

tain information about events in the socket. Often in the 
specification, the information will be an error message. 
In other cases, there will be information relating to the 
completion of processing a SEND or RECEIVE or an-

5 other interface call. 
[0024] Referring again to Figure 1, the video server 
provides, e.g. an MPEG 4 compressed data stream, i. 
e. a given video content, which is made available to the 
TCP socket in the form of mono-rate or multi-rate 

10 streams. Multi-rate streams are defined for the purpose 
of this and the following description, as one or several 
data streams with the same video content at different 
encoding rates. The MPEG data streams are forwarded 
to the TCP socket. Subsequently, by means of an IP pro-

15 tocol, data is transmitted to the video client. A stream 
control protocol, e.g. RTSP, should be used to perform 
such operating as PLAY, PAUSE or STOP the transmis­
sion. 
[0025] With reference to Figure 2, which shows the 

20 basic architecture of a video server 200, at the MPEG 
server application 210, video content is made available 
in a buffer 211 at different coding rates. A switch 212, 
which receives stream control RTSP commands from 
RTSP block 220, such as "Play", "Pause", "Tear down" 

25 or "Change rate", selects one of the data streams which 
is forwarded to the TCP socket 230 in form of an MPEG 
file. 
[0026] It is clear to a skilled person that other stream 
control protocols than RTSP could be used at the server 

30 and the client. The stream control protocol typically in­
structs to perform play, forwarding, rewinding, pause or 
stop functions. Additionally, if multi-rate content is avail­
able, switch to a higher or lower encoding rate can be 
instructed. 

35 [0027] Once a server has received a request for a file 
containing a chosen content encoded at a desired rate, 
the server application forwards each of the segments, 
in which the file was previously segmented, one after 
another to the TCP socket by means of consecutive in-

40 terface calls, e.g. consecutive SEND calls. Unlike in cur­
rent FTP applications, the connection is not torn down 
after each data transmission process is completed. The 
data connection remains open, so that there is no need 
to build up a new connection every time a segment is 

45 transmitted. Following this, the TCP socket forms with 
these segments packet data units (PDUs) for transmis­
sion to the client, as it finds most appropriate 
[0028] Upon establishing a connection, the TCP sock­
et selects a segment size for the data streams which the 

50 server finds most appropriate for the link under consid­
eration of the channel bandwidth and starts transmitting. 
[0029] Initially, the size of the segments is made small 
before, during and after a switching operation in order 
to avoid a large waiting time before a further switch op-

55 eration can be performed in case the previous switch 
decision was incorrect. Subsequently, the size of the da­
ta segments can be increased gradually throughout the 
connection time. 

3 
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[0030] Eventually, when there is a change in the avail­
able link bandwidth, the video client shall indicate a pos­
sible switch operation by means of, for example, an RT­
SP message and the server will start doing finer seg-

protocol comprising the steps of: 

mentation. Hence, the server switches between data 5 

making available data streams at the sending 
host in form of mono-rate or multi-rate content 
streams having same content but different en­
coding rates, streams of different encoding rates. This is done based 

on initial information and subsequently controlled by 
feedback from the client. Alternatively, this could be de­
termined by the server, which would, however, impose 
processing requirements on the server. Also a combi- 10 

nation of control mechanisms at the server and the client 

establishing a connection between the sending 
host and the receiving host for the duration of 
transmission. 

is possible. How the server or the client exactly makes 
the decision to perform a switching operation or indi­
cates a possible anticipated switch is out of the scope 
of the present invention. 
[0031] The basic architecture of a TCP streaming cli­
ent 300 is illustrated in Figure 3. The client 330 typically 
consists of a TCP socket 310, an application layer buffer 
320 and a buffer manager 330 for the application layer 
buffer. 
[0032] The client 300 processes the data segments 
of variable length as they come. In response thereto, it 
sends AC Ks and performs flow control in order to pre­
vent an overflow of the TCP socket 31 O while extracting 
the maximum bit rate possible from the link. To do this, 
the TCP socket indicates to the server, with each ACK, 
how much data it can receive until the socket is full using 
a window field in the header of the TCP protocol. If need-
ed, the TCP client signals a zero-window telling the serv­
er to enter a "Persist" mode wherein no data is sent until 
the client allows to do so while the connection is main­
tained. The Persist mode and the signaling of a window 
field are standard functionalities of the TCP protocol. 
When the TCP circuit has capacity for more data, it sig­
nals this to the server. Streaming control commands are 
signalled to the server by means of RTSP commands. 
[0033] The application layer buffer 320, also called 
"play-out buffer'' receives data from the socket and 
transmits same to the MPEG client application 340. The 
manager 330 for the application layer buffer 320 re­
ceives a frame request from the MP EG client application 
and issues a socket request upon considering the state 
of the application layer buffer. The buffer manager 320 
therefore insures that the bit rate with which the TCP 
socket 31 o can deliver the new data to the application 
layer buffer 320 matches the bit rate at which the appli­
cation layer buffer is emptied to the MPEG client appli­
cation 340. The exact control mechanism of the buffer 
manager is out of the scope of the present invention. 
[0034] Finally, from the MPEG client application, the 
data is transferred to a display 350 for visualization for 
the user. 

Claims 

1. A method of transmitting data streams between a 
sending host and a receiving host using a transport 

15 

transmitting data streams of the same content 
with a selected encoding rate to the receiving 
host, and 

separating the data streams in data segments 
of variable length at the sending host as re­
quired during the established connection. 

20 2. The method according to claim 1, further compris­
ing the steps of switching between data streams of 
different rate and performing the variable segmen­
tation of the data streams around the switching in-

25 

stant. 

3. The method according to claim 1 or 2, wherein the 
data streams are finer segmented during, before or 
after the switching instant. 

30 4. The method according to claim 2, wherein the step 
of switching between streams involves a feedback 
message. 

5. The method according to claim 4, wherein the feed-
35 back message includes signalling at least one of the 

parameters which comprise data segment length, 
an identifier of the data to be sent or a stream control 
command. 

40 6. The method according to one of claims 1-5, wherein 
the receiving host communicates to the sending 
host when a stream switching is needed. 

7. The method according to one of claims 1-6, wherein 
45 the sending host determines the timing of the 

switching instant dependent on the available band­
width of the communication link. 

8. The method according to one of claims 1-7, wherein 
50 the length of the data segments is gradually in­

creased after a switching instant. 

9. The method according to one of claims 1-8, wherein 
the received data streams at the receiving host are 

55 temporarily stored in an internal buffer. 

4 

10. The method according to one of claims 1-9, wherein 
the receiving host issues stream control commands 
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to the sending host depending on the state of the 
internal buffer. 
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Title of the Invention 

Streaming of Media File Data Over a Dynamically Variable Bandwidth 

Channel 

Field of the Invention 

The present invention relates to streaming of media file data over a channel 

having a dynamically variable bandwidth, and more particularly but not exclusively to 

streaming of multimedia data such as video and /or audio data over a channel having a 

dynamically variable bandwidth. 

Background of the Invention 

Dynamically varying channel bandwidths are particularly encountered over 

the Internet and like networks and over radio and cellular telephone links. On the 

Internet the total bandwidth is fixed and the bandwidth available per channel tends to 

depend on the amount of usage, the greater the usage the smaller the bandwidth 

available per user. In radio and cellular links the available bandwidth depends on 

usage, but the overall capacity may also be dependent on environmental factors. 

The Internet relies on packet switched communication, whereas radio and 

cellular telephone links may be either circuit-switched or packet switched. Either 

way, the same considerations of channel bandwidth broadly apply. 

As the bandwidth changes, a number of approaches are currently in use. One 

of these is simply to buffer received video frames, to start to show the frames as soon 

as the buffer is full, and to continue to show the video until the buffer is empty, then 

to halt the display until the buffer is full again. Another method is to show the video 

at a real time rate, displaying all frames that arrive in time and dropping all frames 

that arrive too late. 

In both of these methods, data is sent at the same high rate. In the first 

method, unacceptable delays in showing the data are experienced. In the second 

method, valuable channel bandwidth is wasted transmitting data that does not get 

used. 

Whether the network is a cellular telephone network or the Internet or like 

wide area data network, the bandwidth of the data network is variable. In all cases the 
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larger the number of users the lower the bandwidth per user, and radio-based 

networks may also suffer from reduced bandwidth due to environmental conditions. 

Furthermore, in the case of cellular telephone networks, events such as handover 

between two base stations may also affect the available bandwidth. 

In general, cellular networks are able to absorb changes in bandwidth without 

the user noticing a change in the quality of the voice signal. However, it is desirable 

to go beyond mere voice communication over cellular telephone networks. Already, 

low level data capability is being built into mobile telephones and it is envisaged that 

within the next few years, mobile telephones will be able to receive and display 

multimedia data. Multimedia data uses large amounts of bandwidth and generally 

requires to be displayed in real time. Thus bandwidth fluctuations will be 

immediately noticeable. Currently, however, transmission of video data over cellular 

phone channels is not being attempted on a commercial basis. 

At present, mobile telephone systems are on their second generation and a 

third generation is on the drawing board but will not be available for some years. The 

problem is particularly associated with the design of advanced second generation 

equipment (generation 2.5) which, it is envisaged will be able to provide multimedia 

within the limitations of second generation capacity. It should be noted however that 

the same considerations apply to further generations of mobile telephones and also to 

other environments in which it is desired to transmit multimedia data, such as the 

Internet. 

Generally, multimedia data is sent over a network as a datastream in 

compressed form. There are numerous algorithms for compressing data, and different 

forms of compression are appropriate for compressing different forms of data. 

Furthermore, a single form of compression may give rise to different levels of 

compression according to compression parameters that may be set. The greater the 

compression the lower will be the resulting data rate and a high level of compression 

may be used to overcome channel capacity constraints. A solution may involve 

selection of the compression parameters to meet a likely worst-case scenario. 

However, the solution is not complete as a high level of compression leads to low 

quality output and no advantage is taken of the availability for most of the 

transmission time of a higher bandwidth availability. 

US Patent No. 6,014,694, Aharoni et al, discloses a system for adaptively 

transporting video over networks wherein the bandwidth varies with time. The 
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system comprises a video/audio codec that functions to compress, encode, decode and 

decompress video streams that are transmitted over networks having available 

bandwidths that vary with time and location. Depending on the channel bandwidth, 

the system adjusts the compression ration to accommodate a plurality of bandwidths 

ranging from 20kbps for POTS to several Mbps for switched LAN and ATM 

environments. Bandwidth adjustability is provided by offering a trade-off between 

video resolution, frame rate and individual frame quality. The system generates a 

video data stream comprising of key, P and B frames from a raw video source. Each 

frame type is further comprised of multiple levels of data representing varying 

degrees of quality. In addition, several video server platforms can be utilized in 

tandem to transmit video/audio information with each video server platform 

transmitting information for a single compression/resolution level. 

P and B frames are delta frames that depend on previous frames to allow a 

complete picture to be generated. Thus it is not possible simply to mix groups of 

frames of different quality levels since the deltas between frames are different. The 

above US Patent solves the problem by taking advantage of what is known as a group 

of pictures (GOP) which is a self-contained unit such as a scene. Because they are 

self-contained, GOPs of different compression levels can be successfully mixed. 

However, GOP boundaries are content related and thus irregular. When GOP 

boundaries are widely spaced, dynamic following of bandwidth changes are highly 

inaccurate or generate delays for new users. 
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Summary of the Invention 

Embodiments of the present invention attempt to solve the above problems 

by modifying the quantity of data to be injected into the channel to accord with a 

measured capacity or bandwidth of the channel. The quantity of data is preferably 

modified only by altering compression parameters. so that data fully usable in real 

time can be received from the channel. Thus a reduction in bandwidth of the channel 

leads to a drop in quality of the received signal and not to dropped frames or a 

reduction in performance. 

According to a first aspect of the present invention there is thus a device for 

streaming of media file data to be sent over at least one channel having a dynamically 

variable bandwidth, comprising 

an input for receiving media file data at a first rate, 

a multiple stream creator for creating a plurality of streams of said media file 

data, each stream compressed to predetermined other rates, each stream comprising a 

series of autonomous compressed data units which are mutually compatible, and 

a stream selector for dynamically matching a bandwidth of the channel to 

rates of said streams to send said data file as a combination of said autonomous units 

from said streams via said channel, 

wherein said autonomous units have durations which are one of a group 

comprising fixed predetermined durations and durations determined by changes m 

said channel bandwidth. 

Preferably, said stream selector is operable to select a combination of said 

streams in succession said combination being chosen to produce an average stream 

rate over a period of time which matches said channel bandwidth. 

Preferably, said bandwidth of said channel is liable to vary dynamically and 

wherein said stream selector is operable to repeat said matching throughout said 

streaming operation. 

Preferably, said bandwidth of said channel is liable to vary dynamically and 

wherein said stream selector is operable to repeat said matching throughout said 

streaming operation. 

Preferably, said autonomous units match each other across said plurality of 

streams, thereby to enable switching between said streams. 
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Preferably, said data file is arranged in said streams in a compressed media 

format utilizing reference frames and delta frames and wherein each autonomous unit 

is self-contained in respect of reference frames. 

In an embodiment, said channel is a cellular telephone channel. 

Alternatively, said channel is an Internet channel. 

Preferably, the predetermined other rate is different for each stream. In 

another embodiment, the predetermined other rate is identical for a set of said 

streams, each stream in said set being assigned a different balance between quality 

and speed of said media. 

A preferred device comprises a plurality of media types, said predetermined 

other rate being identical for a set of said streams, each stream in said set being 

assigned a different balance between quality of said different media types. 

Preferably, streams in said set are selectable by a signal received from said 

channel. 

Preferably, streams in said set are selectable by a signal received from said 

channel. 

An embodiment comprises a detector for detecting a change in the bandwidth 

of said at least one channel and operable to request a corresponding change in the data 

rate, and wherein the device is operable, upon receipt of said request, to set a delay, 

and to issue a reference frame within said delay. 

The device preferably issues said reference frame at the end of said delay. 

The device alternatively issues said reference frame at the occurrence of a 

largest detected interframe change within the time delay. 

According to a second aspect of the invention there is provided a multiple 

stream creator for receiving a data stream at a first data rate and converting said data 

stream into a plurality of data streams at a plurality of data rates, said creator 

comprising an input for receiving said data stream at said first data rate, and a 

plurality of outputs, each operable to receive said data stream at said first rate and to 

output said data stream at a predetermined rate individually set for each output as a 

series of autonomous units having a duration, and wherein said duration is one of a 

group comprising a fixed predetermined duration and a duration dynamically 

changeable in accordance with bandwidth conditions in a transmission channel. 

Preferably said outputs each comprise data buffers. 
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The multiple stream creator preferably comprises a data stream processor for 

processing said data stream received at said first rate into said plurality of autonomous 

units, said autonomous units being synchronized blocks, thereby allowing said output 

streams to be mixed in said transmission channel to produce continuously usable 

output. 

Preferably, said received data stream is in an uncompressed data format and 

said data is compressed into a compressed data format independently for each one of 

said output data streams. 

According to a third aspect of the invention there is provided a method of 

sending a datastream over a variable bandwidth channel comprising modifying a 

quantity of data to be injected into the channel to accord with a measured capacity of 

the channel, said method comprising the steps of 

compressing the datastream, using an algorithm having compression 

parameters, to produce a plurality of compressed datastreams each comprising 

reference frames and delta frames, each compressed datastream produced by using the 

algorithm together with different parameters, and 

synchronizing reference frames between the compressed datastreams so that 

combinations of said compressed datastreams can be sent via said channel. 

Preferably, said step of synchronizing reference frames is carried out at 

intervals determined by a dynamic status of said channel bandwidth. 

Alternatively or additionally, said step of synchronizing reference frames is 

carried out at predetermined intervals. 

Alternatively or additionally, said combination of said compressed 

datastreams is selected substantially dynamically to match the measured capacity of 

the channel. 

Preferably, a change in bandwidth of a channel causes a request for 

commencement of a new autonomous unit, and wherein said request causes initiation 

of measurement of a time delay, and wherein a new autonomous unit is commenced 

within said time delay. 

Preferably, the new autonomous unit is commenced at the end of said time 

delay. 

Preferably, the step is provided of determining the largest delta frame during 

the time delay and sending a reference frame, to initiate said new autonomous unit, in 

place of said determined largest delta frame. 
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According to a fourth aspect of the present invention there is provided a tool 

for controlling receipt of media file data over a network, wherein said media file data 

is available at a plurality of quality levels, the tool comprising a quality selector to 

enable a user to select between said different quality levels for receipt. 

Preferably, said media file comprises a plurality of data groups and each 

quality level is a different balance between quality levels of the plurality of data 

groups. 

Preferably, said quality selector comprises a slider operable to be moved 

along a scale, the position of the slider on the scale indicating a quality level. 

Brief Description of the Drawings 

For a better understanding of the invention and to show how the same may 

be carried into effect, reference will now be made, purely by way of example, to the 

accompanying drawings, in which: 

Fig. I is a generalized diagram showing a data source sending data to a series 

of targets over a variable bandwidth network, 

Fig. 2 is a generalized block diagram showing a first embodiment of the 

present invention in which feedback concerning available bandwidth within a channel 

is used to modify parameters governing compression of the datastream, 

Fig. 3 is a generalized block diagram showing a second embodiment of the 

present invention in which a series of compressed datastreams are continually created 

and are selected for use in individual channels according to measured parameters of 

the channel, 

Fig. 4 is a generalized block diagram showing the channel manager and part 

of a downlink manager of Fig. 3 in greater detail, 

Fig. 5 is a generalized block diagram showing a third embodiment of the 

present invention in which the user is able to set a quality level of the data that is 

being sent, 

Fig. 6 is a generalized schematic diagram of a quality level selection tool for 

use by a user in selecting a quality level in the embodiment of Fig. 5, and 

Fig. 7 is a generalized schematic diagram of another quality level selection 

tool for use with the device of Fig. 5. 
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Description of the Preferred Embodiments 

Reference is now made to Fig. 1, which is a generalized diagram showing a 

data source 10 sending data to a series of targets 12.1..12.n over a variable bandwidth 

network 14. The network may be a cellular telephone network or the Internet or like 

wide area data network or a combination. In both cases, the bandwidth of the data 

network is variable. In all cases the larger the number of users the lower the 

bandwidth per user, and radio-based networks may also suffer from reduced 

bandwidth due to environmental conditions. Furthermore, in the case of cellular 

telephone networks, events such as handover between two base stations may also 

affect the available bandwidth. 

Data is generally compressed before sending over the channel. The level of 

compression may be preselected to accord with known or likely channel capabilities, 

as described in the introduction. However such a solution has to concentrate on the 

lower margins of available bandwidth and thus fails to make full use of higher 

bandwidth levels when available. Conversely, solutions which send datastreams at 

higher data rates and do not take the lower bandwidth levels into account lead to 

unacceptable breaks and delays in performance at the receiving end. 

Reference is now made to Fig. 2 which is a generalized block diagram 

showing a first embodiment of the present invention in which feedback concerning 

available bandwidth within a channel is used to modify parameters governing 

compression of a datastream. 

A multimedia datastream is received from a source 20 such as a host or 

server. The datastream may be a video datastream and may be in uncompressed or 

barely compressed format, for example A VI or MPEG I. The datastream is passed to 

a compression unit 22 which compresses the data into a very low bit-rate stream using 

compression parameters. A typical format that may be used for the very low bit-rate 

stream is MPEG 4 which uses a system based on reference frames and delta frames to 

compress the image part of the video data. H.263 is another typical format that may 

be used. A video frame is selected as a reference frame and encoded in its entirety. 

Then a series of subsequent frames are selected, but for each of these frames, the only 

data that is encoded is that which has changed with respect to the previous frame. 

The encoded changes form what is known as the delta frame. 

Whichever of the available compression formats are used, compression is 

governed by a series of parameters 24. This allows the compression level to be raised 
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or lowered depending on the data rate required and the quality of picture desired. A 

greater level of compression gives a lower quality of data at a lower data rate and a 

lower level of compression gives a higher quality of data at a higher data rate. 

In the embodiment of Fig. 2 a channel capacity measurement 26 is received 

from a channel 28 over which the transmission occurs. The measurement may be 

received from a receiving client who simply reports the received data rate. If the 

received data rate is reported to be lower than the rate at which data is being sent then 

it is assumed that data is being produced too fast for the channel and the parameters 

24 are altered to increase the compression level until the data output rate is the same 

as the channel rate. Conversely, if the data rate rises at the receiving end, the 

parameters 24 may be altered to reduce the compression level and increase the output 

data rate. 

Reference is now made to Fig. 3, which is a generalized block diagram 

showing a second embodiment of the present invention in which a series of 

compressed datastreams are continually created and are selected for use in individual 

channels according to measured parameters of the channel. Parts that are the same as 

those mentioned in previous embodiments are given the same reference numerals and 

are not referred to again except as necessary for an understanding of the present 

embodiment. 

In the embodiment of Fig. 3, an input datastream is received from a source 20 

as before. The stream is passed to a channel manager 30, which compresses the input 

datastream. However, instead of compressing it once only, it compresses it into a 

plurality of output data streams, each one using different compression parameters so 

as to produce a plurality of streams each having a different data rate. The various 

streams are then passed to one or more downlink managers 32.1 ... 32.n, each of which 

is able to manage a limited number of channels 28 for sending output data to a limited 

number of targets 34. Each target 34 is associated with a client 36, typically client 

software located at the target 34, which is able to send back, to the downlink manager 

32, feedback data such as the received channel rate. 

The downlink manager 32 simply obtains the received channel rate from the 

client 36 and mixes the various streams from the channel manager to produce an 

average stream rate which matches the channel rate as closely as possible. For 

example if the received channel rate is 39.5 kbits/sec and the downlink manager has 

available a 35 kbits/sec stream and a 45 kbits/sec stream then the downlink manager 
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will attempt to mix the two streams in suitable proportions to match the 39.5 kbits/sec 

channel. Thus the target 36 may receive a continuous stream of data, the quality of 

the channel influencing only the quality of the data and not the continuity. 

It will be recalled that the compression systems in use include reference and 

delta frame style compression. Such compression systems, when used to produce 

streams at different data rates, do not produce delta frames which are interchangeable 

between the different data rates. Thus in order to create streams that are 

interchangeable, it is preferable to arrange all of the streams as a series of 

self-contained packets of given time duration. Each of the packets is self-contained in 

that it begins with a reference frame and hence does not depend on previously 

transmitted data. Thus the target is able to use consecutive packets from different 

streams without any data discontinuity. 

The self-contained units are preferably of relatively short duration. The 

shorter the duration the better the system is able to follow dynamically changes in the 

bandwidth of the connection. On the other hand, since each unit must start with a 

reference or key frame, and such frames are very costly in bandwidth since they must 

be transmitted in full, the use of short self-contained units itself increases the required 

bandwidth. A compromise unit length of less than ten seconds, preferably 3, 5 or 7 

seconds, is preferred. 

In an alternative embodiment the length of the self-contained unit is itself 

allowed to vary dynamically in accordance with circumstances. When the downlink 

manager 32 detects a significant change in the channel bandwidth it issues a request 

for a new data rate from the channel manager 30. Alternatively, a new target may be 

requesting the data feed. The channel manager 30 initiates a time delay when a first 

request is received, the delay being less than ten seconds, as discussed above, and at 

the end of the delay starts new self-contained units at all data rates. Thus dynamic 

following of changes in bandwidth is provided whilst transmitting the minimum 

possible number of key or reference frames. If no request is received, then the system 

continues to use delta frames as long as it is practical. 

In a variation of the above, instead of waiting to the end of the time delay, the 

channel manager first of all looks ahead at the approaching data stream and checks 

whether there is a reference frame approaching during the time delay period in any 

case. If so, no further action is needed. If there is no reference frame then the 

channel manager looks ahead to find the biggest delta frame, representing the biggest 
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instantaneous change in the picture, over the delay time period. A reference frame is 

then inserted in place of the identified largest delta frame. Thus, the insertion of a full 

reference frame is optimized to the data. 

Reference is now made to Fig. 4 which is a generalized block diagram 

showing the channel manager 30 and a part of a downlink manager 32 of Fig. 3 in 

greater detail. Parts that are the same as those mentioned in previous embodiments 

are given the same reference numerals and are not referred to again except as 

necessary for an understanding of the present embodiment. 

As shown in Fig. 4, the channel manager 30 comprises a series of 

compression units 40.1, 40.2, 40.3, etc. Each of these compression units is preferably 

operative to compress an input signal received from source 20, using a different 

compression parameter or set of compression parameters to produce an output having 

a different data rate. Each compression unit is followed by a buffer 41. The buffer 41 

may be used to arranged the compressed data into packets of fixed time duration. 

The downlink manager 32 comprises a series of selector switches 42, one for 

each channel being managed. For the sake of simplicity, only one such switch 42 is 

shown in the figure. The switch 42 receives each one of the data streams produced by 

the source 20 and selects one of them at any given time to be sent to the channel 28. 

Selection is carried out based on a channel capacity measurement 44, which is 

received from the client 36. 

Reference is now made to Fig. 5, which is a generalized block diagram 

showing a third embodiment of the present invention in which the user is able to set a 

quality level of the data that is being sent. Parts that are the same as those mentioned 

in previous embodiments are given the same reference numerals and are not referred 

to again except as necessary for an understanding of the present embodiment. As 

described above, compression parameters are altered in order to change the data rate. 

Generally speaking, there are numerous parameters that can be set in order to alter the 

data rate, and there are numerous combinations of these parameters that can give the 

same data rate. For example, parameters that may be altered include: 

the extent of image compression within an individual frame, 

the number of frames per second to be transmitted, 

the proportion of reference frames to delta frames, and 

a balance between compression levels of different parts of the data - for 

example video data includes both sound and image. It is possible to increase a level 
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of compression to the image and to decrease a level of compression to the sound or 

vice versa. 

In Fig. 5, part of a channel manager 30 is shown as well as a switch 42 of a 

downlink manager. In the channel manager of the embodiment of Fig. 5, a series of 

data compressors 50 are provided for each required data rate. The data compressors 

are labeled high, medium and low, although in fact they are different compromises 

between compression parameters. For example "high" may indicate high image 

quality but low frame rate, whereas "low" may indicate low image quality but high 

frame rate. The selector switch 48 is the same as in the previous embodiment except 

that it now chooses channels based on two different items of information. One item 

of information is the received channel rate 44, which selects the data rate as before. 

The other item of information is a data quality request which is received from the 

target. This selects, within the given data rate, between the different quality levels. 

Reference is now made to Fig. 6, which is a generalized schematic diagram of 

a quality level selection tool 60 for use by a user in selecting a quality level in the 

embodiment of Fig. 5. The selection tool 60 comprises a simple longitudinal bar 62 

which may be marked with labels and numbers, and a slider 64 for moving along the 

bar 62. The bar shown in Fig, 6 indicates that the user may select different 

compromises between sound quality and image quality. 

Reference is now made to Fig. 7, which is a generalized schematic diagram of 

another quality level selection tool 70 for use by a user in selecting a quality level in 

the embodiment of Fig. 5. The selection tool 70 is likewise in the form of a bar and 

slider but this time the choice is between high quality images at a low frame rate 

(marked "still") and low quality images at a high frame rate (marked "motion"). It 

will be appreciated that a low bandwidth "high" may yield a lower image quality than 

a high bandwidth "low" and vice versa. 

Embodiments of the present invention thus provide a system and method in 

which the measured received data level of a channel is used to select a transmitted 

data rate so that full advantage may be taken of fluctuating channel capacity levels to 

send the highest possible quality multimedia data. 

It is appreciated that certain features of the invention, which are, for clarity, 

described in the context of separate embodiments, may also be provided in 

combination in a single embodiment. Conversely, various features of the invention 
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which are, for brevity, described in the context of a single embodiment, may also be 

provided separately or in any suitable subcombination. 

It will be appreciated by persons skilled in the art that the present invention is 

not limited to what has been particularly shown and described hereinabove. Rather 

the scope of the present invention is defined by the appended claims and includes both 

combinations and subcombinations of the various features described hereinabove as 

well as variations and modifications thereof which would occur to persons skilled in 

the art upon reading the foregoing description. 
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Claims 

1. A device for streaming of media file data to be sent over at 

least one channel having a dynamically variable bandwidth, comprising 

an input for receiving media file data at a first rate, 

a multiple stream creator for creating a plurality of streams of said media file 

data, each stream compressed to predetermined other rates, each stream comprising a 

series of autonomous compressed data units which are mutually compatible, and 

a stream selector for dynamically matching a bandwidth of the channel to 

rates of said streams to send said data file as a combination of said autonomous units 

from said streams via said channel, 

wherein said autonomous units have durations which are one of a group 

comprising fixed predetermined durations and durations determined by changes in 

said channel bandwidth. 

2. A device according to claim 1, wherein said stream selector is 

operable to select a combination of said streams in succession said combination being 

chosen to produce an average stream rate over a period of time which matches said 

channel bandwidth. 

3. A device according to claim 1, wherein said bandwidth of said 

channel is liable to vary dynamically and wherein said stream selector is operable to 

repeat said matching throughout said streaming operation. 

4. A device according to claim 2, wherein said bandwidth of said 

channel is liable to vary dynamically and wherein said stream selector is operable to 

repeat said matching throughout said streaming operation. 

5. A device according to claim 1, wherein said autonomous units 

match each other across said plurality of streams, thereby to enable switching between 

said streams. 

6. A device according to claim 5, wherein said data file is 

arranged in said streams in a compressed media format utilizing reference frames and 
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delta frames and wherein each autonomous unit is self-contained in respect of 

reference frames. 

7. A device according to claim 1, wherein said channel is a 

cellular telephone channel. 

8. A device according to claim 1, wherein said channel is an 

Internet channel. 

9. A device according to claim 1, said predetermined other rate 

being different for each stream. 

10. A device according to claim 1, said predetermined other rate 

being identical for a set of said streams, each stream in said set being assigned a 

different balance between quality and speed of said media. 

11. A device according to claim 1, said media file comprising a 

plurality of media types, said predetermined other rate being identical for a set of said 

streams, each stream in said set being assigned a different balance between quality of 

said different media types. 

12. A device according to claim 10, said streams in said set being 

selectable by a signal received from said channel. 

13. A device according to claim 11, said streams in said set being 

selectable by a signal received from said channel. 

14. A device according to claim 1, comprising a detector for 

detecting a change in the bandwidth of said at least one channel and operable to 

request a corresponding change in the data rate, and wherein the device is operable, 

upon receipt of said request, to set a delay, and to issue a reference frame within said 

delay. 
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15. A device according to claim 14, operable to issue said 

reference frame at the end of said delay. 

16. A device according to claim 14, operable to issue said 

reference frame at the occurrence of a largest detected interframe change within the 

time delay. 

17. A multiple stream creator for receiving a data stream at a first 

data rate and converting said data stream into a plurality of data streams at a plurality 

of data rates, said creator comprising an input for receiving said data stream at said 

first data rate, and a plurality of outputs, each operable to receive said data stream at 

said first rate and to output said data stream at a predetermined rate individually set 

for each output as a series of autonomous units having a duration, and wherein said 

duration is one of a group comprising a fixed predetermined duration and a duration 

dynamically changeable in accordance with bandwidth conditions in a transmission 

channel. 

18. A multiple stream creator according to claim 17, wherein said 

outputs each comprise data buffers. 

19. A multiple stream creator according to claim 17, comprising a 

data stream processor for processing said data stream received at said first rate into 

said plurality of autonomous units, said autonomous units being synchronized blocks, 

thereby allowing said output streams to be mixed in said transmission channel to 

produce continuously usable output. 

20. A multiple stream creator according to claim 1 7, wherein said 

received data stream is in an uncompressed data format and wherein said data is 

compressed into a compressed data format independently for each one of said output 

data streams. 

21. A method of sending a datastream over a variable bandwidth 

channel comprising modifying a quantity of data to be injected into the channel to 

accord with a measured capacity of the channel, said method comprising the steps of 

16 

fuboTV Media Inc. 
Exhibit 1002 

Page 552



compressing the datastream, using an algorithm having compression 

parameters, to produce a plurality of compressed datastreams each comprising 

reference frames and delta frames, each compressed datastream produced by using the 

algorithm together with different parameters, and 

synchronizing reference frames between the compressed datastreams so that 

combinations of said compressed datastreams can be sent via said channel. 

22. A method according to claim 21, wherein said step of 

synchronizing reference frames is carried out at intervals determined by a dynamic 

status of said channel bandwidth. 

23. A method according to claim 21, wherein said step of 

synchronizing reference frames is carried out at predetermined intervals. 

24. A method according to claim 21, wherein said combination of 

said compressed datastreams is selected substantially dynamically to match the 

measured capacity of the channel. 

25. A method according to claim 22, wherein a change in 

bandwidth of a channel causes a request for commencement of a new autonomous 

unit, and wherein said request causes initiation of measurement of a time delay, and 

wherein a new autonomous unit is commenced within said time delay. 

26. A method according to claim 25, wherein said new 

autonomous unit is commenced at the end of said time delay. 

27. A method according to claim 25, comprising the step of 

determining the largest delta frame during the time delay and sending a reference 

frame, to initiate said new autonomous unit, in place of said determined largest delta 

frame. 

28. A tool for controlling receipt of media file data over a 

network, wherein said media file data is available at a plurality of quality levels, the 
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tool comprising a quality selector to enable a user to select between said different 

quality levels for receipt. 

29. A tool according to claim 28, wherein said media file 

comprises a plurality of data groups and wherein each quality level is a different 

balance between quality levels of the plurality of data groups. 

30. A tool according to claim 28, wherein said quality selector 

comprises a slider operable to be moved along a scale, the position of the slider on the 

scale indicating a quality level. 

31. A device for streaming of media file data to be sent over at 

least one channel having a dynamically variable bandwidth, substantially as 

hereinbefore described with reference to the accompanying drawings. 

32. A multiple stream creator for receiving a data stream at a first 

data rate and converting said data stream into a plurality of data streams at a plurality 

of data rates, substantially as hereinbefore described with reference to the 

accompanying drawings. 

33. A method of sending a datastream over a variable bandwidth 

channel comprising modifying a quantity of data to be injected into the channel to 

accord with a measured capacity of the channel, substantially as hereinbefore 

described with reference to the accompanying drawings. 

34. A tool for controlling receipt of media file data over a 

network, substantially as hereinbefore described with reference to the accompanying 

drawings. 
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Description 

FIELD OF THE INVENTION 

SUMMARY OF THE INVENTION 

[0006] The following definitions should be kept in 
mind when reading these specifications: 

[0001) This invention relates to media streams trans- 5 

mitted in a network, such as the Internet. Especially, the 
invention relates to media streams concerning video 
pictures and voice. 

Connection: A transport layer virtual circuit estab­
lished between two programs for the purpose of 
communication. A connection can have varying 
transmission speed rates. 

BACKGROUND OF THE INVENTION 10 HTTP transport: An application layer transmission 
of data from a file on a server computer to a user 
terminal using HTTP 1 .1 protocol. One HTTP 1 .1 
connection can consist of one or several HTTP 1 .1 
transports. 

[0002) When media streams that contain continuous 
data, for example video pictures and voice, are trans­
mitted in a network, such as the Internet, the speeds of 
the media streams have to be adjusted with the speed 15 

of the transmission connection available at the time. Of-
Stream: A continuous transmission of data over for 
example HTTP transport 

ten, in the case of video pictures, the adjustment is made 
by changing the visual quality of the pictures. The speed 
of a transmission connection in the Internet depends 
strongly on a user's Internet terminal. Some terminals 
support technically higher speed rates than others (usu­
ally older terminals). Thus, speed adjusted media 
streams must be offered for a variety of terminals. 
[0003] Transmission speed may also vary with time. 
For example, when congestion happens in the network, 
the transmission speed may decrease considerably. Af­
ter the congestion, the transmission speed returns to the 
normal speed rate. 
[0004) Nowadays, most of the content of the Internet 
is in WWW servers, which use the HTTP protocol for 
transmitting desired contents to users. Originally, the 
HTTP protocol was not designed for continuous media 
streams (video, voice). The problem of the known solu­
tions is that when a media stream has to be adjusted for 
a changed transmission condition, i.e. to be an adaptive 
media stream, a special software or protocol must be 
used, instead of the HTTP protocol. Real Server® (Re-
al Networks Inc, Seattle, Washington), Quicktime® 
Server (Apple Computers, Cupertino California), and 
Windows Media Server® (Microsoft, Redmond, Wash­
ington) are commercial server software, which support 
adaptive media streams. These software packages use 
special protocols, such as RTP (Real-Time Transport 
Protocol) and RTSP (Real Time Streaming Protocol), 
which are designed for the adaptive media streams. 
[0005] However, using these software packages usu­
ally requires a user to invest and maintain parallel de­
vices and software in addition to the WWW server that 
is used to serve other Internet content, such as web pag­
es. User communities such as corporations require sup­
port staff which must be educated to use these systems. 
For a service provider this means in practice that a spe­
cial media stream server must be maintained. The goal 
of this invention is to eliminate these drawbacks. This is 
achieved in a way described in the claims. 

[0007] An important aspect of the invention is to 
change the source of an adaptive media stream when 

20 an available connection speed rate changes. Each 
source contains essentially the same information (such 
as video and voice), but the suitability of each source 
for transmission has been adjusted to a certain connec­
tion speed rate. The coding of the source information 

25 can be different among the sources, which affects the 
speed rate. The picture information can be black-and­
white instead of a color picture. The picture size can be 
smaller or larger. The video can be with or without voice. 
When the source is changed, also a new HTTP trans-

30 mission for the new source is started for a new stream 
containing the information of the new source. In other 
words, the adaptive media stream, i.e. the adaptive 
stream, comprises at least one media stream for trans­
mitting information. 

35 [0008) In an arrangement according to the invention 
a source file is formed. The source file contains a plu­

rality of sources intended for different media streams, 
according to such parameters as bandwidth, computing 
capability of the receiving terminal, etc. At the beginning 

40 of the transmission the optimal transmission speed rate 
at the time is chosen according to an information trans­
fer condition. The source in the source file, which corre­

sponds to the available speed rate, is selected to be the 
source of the adaptive media stream. When the availa-

45 ble transmission speed rate changes, either to be faster 
or slower, a command for changing the source of the 
adaptive media stream, is sent from the user's terminal 
to the service provider's server, i.e. the source server, 
wherein the file of the service is. Preferably commands 

50 are sent using an HTTP protocol. When the available 
transmission speed rate changes again, a new com­
mand for changing the source is sent from the user's 
terminal to the source server. The commands are sent 
when it is possible to use a higher speed rate or when 

55 a lower speed rate must be used. 

2 

[0009) In one aspect, the invention thus provides a 
method for providing an adaptive media stream be­
tween a sending terminal and a user's terminal wherein 
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the adaptive media stream comprises at least one me­
dia stream and the method comprises the steps of 
choosing a transmission speed rate for the media 
stream, selecting a suitable data source for the media 
stream among sources containing essentially the same 
information content, each source intended for a certain 
information transfer condition and playing the media 
stream. During such playing, checking the suitability of 
the actual transmission speed rate, and continuing play­
ing the media stream if the transmission speed is still 
suitable or selecting a new data source, which is suitable 
at the moment as a response for the selection of the new 
data source, playing a new media stream. Those selec­
tion actions continue until the played stream stops. 
[0010) Optionally, the step of choosing comprises the 
phase of reading a header field of a file, which contains 
at least two data sources, the header indicating the start­
ing points of the sources and to which transmission 
speed rate each source is indented. Yet another option 
calls for the selecting step to include the phase of start­
ing to read from the starting point of the selected source. 
[0011] Other aspect of the invention provide for the 
step of monitoring to include the phase of monitoring a 
filling degree of a buffer for incoming data in the user's 
terminal, e.g. if the buffer is becoming empty orfull, then 
selecting to continue to play the present media stream 
or to start playing another media stream. The informa­
tion of the selection of the new data source may trans­
mitted from the user's terminal to the sending terminal 
using a GET method of an HTTP protocol with an op­
tional RANGE field. When a new stream is played, an 
optional phases of terminating the old media stream af­
ter starting to play the new media stream and creating 
the new media stream before playing the new media 
stream is also contemplated. 
[0012) If a new stream is selected, according to an­
other aspect of the invention, the step of reading timing 
marks in said adaptive media stream for defining the 
right point to start playing the new media stream is also 
performed. Further, the step of selecting the initial speed 
may comprise the phase of reading a header field of 
files, where each contains one data source, the header 
indicating the starting points of the source and to which 
transmission speed rate the source is indented. 
[0013) An arrangement for providing an adaptive me­
dia stream between a sending terminal and a user's ter­
minal, is also contemplated, wherein the adaptive media 
stream comprises at least one media stream and the 
arrangement comprises: 

a) Means in the client terminal for choosing a trans­
mission speed rate for the media stream, 
b) A data structure in the sending terminal compris­
ing at least two data sources containing essentially 
the same information, each source intended for a 
certain transmission speed rate, 
c) Means in the client terminal and the sending ter­
minal for selecting a suitable data source from 

among the sources for the media stream, 
d) Means in the user's terminal for checking the suit­
ability of the transmission speed rate when the me­
dia stream is played, 

5 e) Means in the user's terminal for reselecting a suit­
able data source from among the sources for a new 
media stream. 

[0014) An arrangement as described above may tur-
10 ther comprise means for playing the data structure in a 

way that the playing is started from the right point of the 
data structure. Preferably, means a) comprises means 
for reading a message from the user's terminal, which 
defines alternative transmission speed rates. Further 

15 preferably, each source comprises timing marks, which 
indicate the corresponding point in the other sources. 
More preferably, the arrangement further comprises a 
GET method of an HTTP protocol with an optional 
RANGE field for transmitting the information of the re-

20 selection of the suitable data source from the user's ter­
minal to the sending terminal. In another preferable em­
bodiment, means d) comprises means for monitoring a 
filling degree of a buffer for incoming data in the user's 
terminal. It also preferable that the data structure is a 

25 file containing the data sources. Alternatively, the data 
structure may be a number of files, each of them con­
taining one data source. 
[0015) Means c) may further comprise means for 
reading a header of the data structure, which indicates 

30 the starting points of the sources and to which transmis­
sion speed rate each source is intended. Means c) may 
further comprise means for reading headers of the files, 
which indicate the starting point of the source and to 
which transmission speed rate the source is intended. 

35 [0016) In yet another aspect, the invention teaches a 
method for storing adaptive media stream data compris­
ing the steps of storing a plurality of media streams, 
each representing a substantially similar information 
content, and each adapted for a different set of informa-

40 tion transfer conditions; and providing a plurality of 
pointers into a first of said media streams, said pointers 
associated with a source location in one of said media 
streams and pointing to at least one target location in a 
second of said media streams; wherein the information 

45 content of said target location is substantially a contin­
uation of the information content prior to said source lo­
cation. 
[0017) Preferably, said plurality of media streams is 
contained in a single file. Said pointers are preferably 

so embedded within said adaptive media stream data, and 
comprise target locations pointer comprises a byte off­
set into said single file. Alternatively, said target location 
pointer comprises an offset into said second source 
stream, within said single file. Another alternative teach-

55 es that said target locations pointers comprise a pointer 
to another file containing said second media stream or 
a portion thereof. Optionally in this case, said target lo­
cation pointer further comprises a byte offset into said 

3 
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other file. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018) In the following the invention is described in 
more detail by means of Figs. 1 - 3 in the attached draw­

ings where. 

FIG.1 

FIG. 2 

FIG. 3 

illustrates an example of the structure of a file 
according to the invention, 
illustrates an example of a flow chart describ­
ing the function of the inventive arrangement, 
illustrates an example of an arrangement ac­
cording to the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0019) FIG. 1 describes an example of a file structure 
according to the invention. The file is in the service pro­
vider's server (source server) from where users can 
stream it. For example the file contains a video in two 
different formats. At the beginning of the file there exists 
a header 1, which contains starting bytes for two differ­
ent media sources - the sources for the media stream. 

Source 1, called stream 1 contains video data in a res­
olution of 320*240, for a speed rate 200 kbps (kilobit per 
second) 2. The starting byte 4 for that video data is byte 
2000 in the file. Source 2, called stream 2 contains video 
data in a resolution of 160*120 optimized for a speed 
rate 40 kbps 3. The starting byte of that video data 5 in 
the file is at byte 800000. If the network and a user's 
terminal support the transmission speed rate 200 kbps 
then stream 1 is sent to the user - otherwise stream 2 is 
sent. In this embodiment, all data feeds are assumed to 
support communication at a speed of at least 40 kbps. 
It should be noted that stream 1 and 2 are sources i.e. 
the parts of the file structures in this example, and a me­
dia stream is a continuous transmission of data of a 
source over a transmission protocol. The transmission 
protocol used can be any protocol, in this text the HTTP 
protocol is used. 
[0020) Stream 1 is sent, i.e. streamed, to the user. 
Stream 1 (and the media stream for it as well) contains 
timing marks 6, 7, 8, 9. The timing marks are embedded 
in stream 1 at a various locations, and correlate the in­
formation in the two separate resolution streams. Thus 
the timing marks of stream 1 in the example of Fig. 1 
indicate the byte of the file where the stream is running 
at the time and the corresponding byte GA, 7A, SA, 9A, 
in stream 2. If for some reason, the network can not 
transmit stream 1 with 200 kbps, or the user's terminal 
can not receive at this speed rate, the transmission of 
the video is changed to stream 2. For example, when 
the need to change the speed rate to a lower one is no­
ticed and the most recently received (or alternatively the 
next) timing mark is, let's say, the mark 7 indicating time 
1000 ms, it tells the corresponding byte 805000 in 
stream 2 to where the source of the transmission of the 

video transfers 11 . 
[0021) Similarly, stream 2 (and the media stream for 
it) contains timing marks 10, 11, 12, 13, which point to 
the location of corresponding information in stream 1 , 

s as shown by the corresponding byte 1 OA, 11 A, 12A, 
13A, in stream 1. When the capability of transmitting 200 
kbps is noticed during the transmission at 40 kbps rate, 
the transmission of the video is changed to stream 1 . 
For example, when the availability of the higher speed 

10 rate is noticed and the next timing mark is the mark 13 
indicating time 3000 ms, the corresponding byte 77000, 
located in stream 1, points to the location of correspond­
ing information in stream 1 so the source of transmission 
is shifted to stream 1, using data stored in location 9 

15 onwards. 

[0022) FIG. 2 shows an example of a flow chart, which 
illustrates a function and method of the invention. FIG. 
3 shows an example of the inventive arrangement. 
When a user visits a home page of a service provider, 

20 he/she may find something he wants to order, such as 
a video show. The video player client running in the user 
terminal sends 34 a request message from the terminal 
33 to the service provider's server 31 through the net­
work 32, such as the Internet, to get the show using a 

25 GET method, which is one of the methods defined in the 
HTTP1 .1 protocol. Let the request be: 

GET http://www.serviceprovider.com/video/mu­
sic/song1 .video. HTTP/1.1 
[0023) Often, the connection speed rate depends on 

30 the available (and optional) connection and processing 
speeds of the terminal. Atthe beginning, the first stream 
which is sent works like a test stream. The test stream, 
i.e. the first stream preferably forms the first part of the 
file structure, which preferably contains data for the low-

35 est bandwidth. Thus the first stream over the HTTP 
transport also contains a list of alternative speed rates. 
The player in the client terminal chooses 21 one of the 
supported speed rate from the list. (It should be noted 
that the server can be informed of the capability of a 

40 terminal or the available bandwidth using other tech­
niques and the specific method of learning the link ca­
pabilities is a matter of technical choice to one skilled in 
the art.) In this example, the user's terminal supports 
speed rates of 200 kbps and 40 kbps. Let's assume that 

45 the desired file 36 is the file in FIG. 1. If the speed rate 
of 200 kbps 22 is available, stream 1 is selected 24. Oth­
erwise, the speed rate of 40 kbps 23 is chosen and 
stream 2 is selected 25. (Notice that the higher speed 
rate means the higher bandwidth.) 

so [0024) In the selection of the speed rate of 200 kbps 

the server starts to play 26 stream 1 beginning at byte 
(2000) of the file. The data and the timing marks are sent 
35 to the user's terminal during the play. The terminal 
checks 28 frequently that the currently available band-

55 width is sufficient for the selected stream. If the band­
width is sufficient, playing stream 1 is continued. If the 
bandwidth becomes unavailable for stream 1, stream 2 
is selected 210 and stream 2 starts to play 27, 311 be-

4 
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ginning at the byte of the file defined by the latest timing 
mark. The bandwidth of stream 2 is checked 29 similarly 
as the bandwidth of stream i , and when the bandwidth 
is again available for the speed rate of 200 kbps, stream 
i is selected 211. 
[0025) In the selection of the speed rate of 40 kbps 
the server starts to play 25 stream 2 from the right byte 
(800000) of the file. The data and the timing marks are 
sent 35 to the user's terminal during the play. The ter­
minal checks 29 frequently that the bandwidth is okay 
for the selected stream. If the bandwidth is still restricted 
to 40 kbps, playing stream 2 is continued. If the band­
width rise to a level sufficient to support 200 kbps trans­
mission, stream 1 is selected 211 and stream 1 starts 
to play 26, and is sent 311 to the terminal 33 beginning 
at the byte of the file defined by the latest timing mark. 
The bandwidth of stream i is checked 28 similarly as 
the bandwidth of stream 2, and when the bandwidth is 
again too slow for the speed rate of 200 kbps, stream 2 
is selected 210. 
[0026) The checking of the bandwidth of the streams 
can be made, for example, measuring a filling degree of 
a buffer for incoming data connection in the user's ter­
minal. When the buffer is becoming empty, the required 
bandwidth for current stream is too high compared to 
what is available through the network connection, and 
the speed rate should be dropped. When the buffer is 
becoming full, bandwidth for current stream is lower 
than what is available through the network connection, 
and the speed rate can be raised. After the measure­
ment, the suitable stream source is selected 210, 211 
and a GET command with an additional field RANGE is 
sent 310 from the user's terminal to the server for chang­
ing the stream. For example, let the GET command be 
GET http://www.serviceprovider.com/video/music/ 
song3video RANGE: bytes= 805000- when the trans­
mission speed rate changes from 200 kbps to 40 kbps. 
[0027) It is worth noting that preferably, when a stream 
is changed, a new HTTP transport (and naturally a new 
media stream) is started and the old media stream is 
terminated after the new media stream starts playing. 
From the view of the user the desired file, such as avid­
eo show, seems to continue without any break because 
the new stream starts playing from the byte indicated by 
the timing mark, thus the information continuity is main­
tained, despite the media stream switch. So, when the 
source is changed, also a new HTTP transport is creat­
ed for the new stream, i.e. media stream, instance and 
for the new source. Thus the adaptive media stream, i. 
e. the adaptive stream, is made up of one media stream 
or several consecutive media streams. Since the con­
secutive media streams carry essentially the same data, 
a user gets a visual impression of continuous shows. In 
other words, the adaptive media stream comprises at 
least one media stream for transmitting information. The 
HTTP 1. 1 protocol provides a feature called Persistent 
Connections. Persistent Connection means that several 
requests (such as GET), can be sent via one TCP con-

nection. Thus one connection may carry several con­
secutive streams. However, it should be noted that sev­
eral TCP connections may be needed or used for trans­
mitting consecutive streams. 

s [0028) Furthermore, it may be said that the adaptive 
media stream comprises several (or one if the speed 
rate remains the same during the whole transmission) 
instances (separate streams) of the same object (the 
adaptive media stream containing information such as 

10 video). Naturally, there are more ways to model the 
adaptive media stream, but common for these models 
are that transmission of information of the adaptive 
stream, (the stream of a continuous data, such as video 
over one or several connections) happens in one or sev-

15 eral consecutive media streams over a transport proto­
col, each media stream adapted for certain conditions, 
and certain links or pointers periodically connect or 
cross connect the media streams in essentially content 
coherent fashion. Thus varying transmission conditions 

20 may dictate how many suitable media streams are sent 
forming together the adaptive stream. 
[0029) For creating the inventive arrangement an ini­
tial selection module 39 (i.e. means) for choosing an 
original transmission speed rate and selecting a suitable 

25 source in a service provider's server is needed. In a us­
er's terminal another estimation module 37 (i.e. means 
for checking transmission rate) is needed, for checking 
the suitability of the transmission speed rate as reselec­
tion module 38 (i.e. means) for reselecting a suitable 

30 source are needed. 
[0030) Although, the processing and network connec­
tion speed of a user's terminal is mostly the decisive el­
ement when selecting a suitable transmission speed 
rate, it may happen that the network itself becomes con-

35 gested. In congestion, the available speed rate decreas­
es and the transmission speed rate must be lowered. 
On the other hand, if the network allows a higher speed, 
the transmission speed rate may be increased. 
[0031) Using the inventive arrangement, an adaptive 

40 media stream can be served from with a common HTTP 
server. Therefore, there is no need for the use of a spe­
cial media stream server, or parallel devices and soft­
ware. Remarkable cost savings are achieved, since 
usually service providers and users support the HTTP 

45 protocol. Also the reliability of the system increases be­
cause of fewer sources of faults. 
[0032) It is clear that inventive arrangement can be 
implemented in many ways. For example, the time pe­
riod between two timing marks can be different than in 

50 the example of this text. It can be any suitable period 
depending on the features of a solution, such as 2 or 4 
seconds. The format of the inventive file can be any suit­
able format as well, such as MPEG or another. 
[0033) The inventive file may comprise more than two 

55 different streams (containing the same content), from 
which the most suitable stream is selected at any given 
time. Therefore, timing marks must contain a number of 
references for the corresponding byte in the other data 
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sources. 
[0034] All the sources do not have to be in the same 
file, but each source can be a separate file. However, 
the use of this kind of structure is not as efficient when 
attempting to use as little processing power as possible 
compared to the use of one file structure. In the structure 
of several files, timing marks must indicate the right file 
with the corresponding byte. 
[0035] Although, a sending terminal have been de­
scribed to be a server in the examples above, it is clear 
that the sending terminal can be another terminal capa­
ble of sending information. 
[0036] Similarly other mechanisms are known and 
suitable to measure and select the most appropriate 
source. Such methods may be server based or user ter­
minal based, or even utilize intermediate network nodes 
to estimate network congestion and bandwidth, and 
similar measurements that are indicative of total node 
to node capacity, as well as specific node capabilities, 
and the selection of sources (and media streams) may 
be carried out in various ways that will provide the best 
end-user experience according to varying conditions. 
[0037] According to the above-mentioned matters, it 
is evident that the invention is not restricted to the solu­
tions described in this text, but it can be modified for 
various solutions, in the scope of the inventive idea. 

Claims 

1. A method for providing an adaptive media stream 
between a sending terminal and a user's terminal 
characterized in that the adaptive media stream 
comprises at least one media stream and the meth­
od comprises the steps of: 

a) choosing a transmission speed rate for the 
media stream, 
b) selecting a suitable data source forthe media 
stream among sources containing essentially 
the same information, each source intended for 
a certain transmission speed rate, 
c) playing the media stream, 
d) checking the suitability of the transmission 
speed rate, 
e) either continuing playing the media stream if 
the transmission speed is still suitable or, 
f) selecting a new data source, which is suitable 
at the moment, 

5 

10 

15 

20 

25 

30 

35 

40 

45 

g) as a response for the selection of the new 50 

data source, playing a new media stream, 
h) repeating steps d) to g) until the stream, 
which is played, stops. 

2. A method according to claim 1 characterized in 55 

that step b) comprises the phase of reading a head-
er field of a file, which contains at least two data 
sources, the header indicating the starting points of 

6 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

the sources and to which transmission speed rate 
each source is intended. 

A method according to claim 2 characterized in 
that step c) comprises the phase of starting to read 
from the starting point of the selected source. 

A method according to claim 1 or 3 characterized 
in that step d) comprises the phase of monitoring 
a filling degree of a buffer for incoming data in the 
user's terminal. 

A method according to claim 4 characterized in 
that if the buffer is becoming empty or full, then step 
f) is chosen, else step e) is chosen. 

A method according to claim 1 or 5 characterized 
in that the information of the selection of the new 
data source is transmitted from the user's terminal 
to the sending terminal using a GET method of an 
HTTP protocol with an optional RANGE field. 

A method according to claim 1 characterized in 
that step g) comprises phases of terminating the 
old media stream after starting to play the new me-
dia stream and creating the new media stream be-
fore playing the new media stream. 

A method according to claim 1 or 7, characterized 
in that step g) further comprises the phase of read-
ing timing marks in the data source for defining the 
right point to start playing the new media stream. 

A method according to claim 1 characterized in 
that step b) comprises the phase of reading a head-
er field of files, where each contains one data 
source, the header indicating the starting points of 
the source and to which transmission speed rate the 
source is intended. 

An arrangement for providing an adaptive media 
stream between a sending terminal and a user's ter-
minal, characterized in that the adaptive media 
stream comprises at least one media stream and 
the arrangement comprises: 

a) means in the sending terminal for choosing 
a transmission speed rate for the media stream, 
b) a data structure in the sending terminal com­
prising at least two data sources containing es­
sentially the same information, each source in­
tended for a certain transmission speed rate. 
c) means in the sending terminal for selecting 
a suitable data source from among the sources 
for the media stream, 
d) means in the user's terminal for checking the 
suitability of the transmission speed rate when 
the media stream is played, 
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e) means in the user's terminal for reselecting 
a suitable data source from among the sources 
for a new media stream. 

11. An arrangement according to claim 1 0, character- 5 

ized in that the arrangement further comprises 
means for playing the data structure in a way that 
the playing is started from the right point of the data 
structure. 

10 

12. An arrangement according to claim 11, character-
ized in that means a) comprises means for reading 
a message from the user's terminal, which defines 
alternative transmission speed rates. 

15 

13. An arrangement according to claim 11, character-
ized in that each source comprises timing marks, 
which indicate the corresponding point in the other 
sources. 

20 

14. An arrangement according to claim 13, character-
ized in that the arrangement further comprises a 
GET method of an HTTP protocol with an optional 
RANGE field for transmitting the information of the 
reselection of the suitable data source from the us- 25 

er's terminal to the sending terminal. 

15. An arrangement according to claim 11, character-
ized in that means d) comprises means for moni-
taring a filling degree of a buffer for incoming data 30 

in the user's terminal. 

16. An arrangement according to claim 11, character-
ized in that the data structure is a file containing 
the data sources. 35 

17. An arrangement according to claim 1 6, character-
ized in that means c) comprises means for reading 
a header of the data structure, which indicates the 
starting points of the sources and to which trans- 40 

mission speed rate each source is intended. 

18. An arrangement according to claim 11, character-
ized in that the data structure is a number of files, 
each of them containing one data source. 45 

19. An arrangement according to claim 1 8, character-
ized in that means c) comprises means for reading 
headers of the files, which indicate the starting point 
of the source and to which transmission speed rate 50 

the source is intended. 

55 
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VA 22313-1450. 

EFSWeb2.1.17 

fuboTV Media Inc. 
Exhibit 1002 

Page 613



Privacy Act Statement 
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purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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IDS CERTIFICATION STATEMENTS 

THIS IDS IS BEING FILED UNDER 37 C.F.R. 1.97(b}: (check one box) 

□ 
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Within three months of the fiiing date of a national application other than a continued prosecution application under 
1 ,53(d). 

Within three months of the date of entry of the national stage as set forth in 1.491 in an international 
application. 

Before the mailing date of a first Office Action on the merits In the event that a first Office Action on t~1e merits has been 
□ mailed, please consider t~1is IDS under 37 C.F.R. 1.97(c) and see t~1e statement under 1.97(e) or charge deposit account 

50-2091 the fee specified by 37 C.F.R. 1.17(p) if such statement is not selected in Section IV. 

D Before the mailing of a first Office Action after the filing of a request for continued examination under 1.114. 

THIS IDS IS BEING FILED UNDER 37 C.F.R.1.97(c}: 

0 
After the period specified in 37 C.F.R. 1.97(b) and before the mailing date of any of a final action under 1 .113, a notice of 
allowance under 1.311 or an action that otherwise closes prosecution in the application, and accompanied by 

D a statement specified in 1.97(e) as subsequently provided in this IDS; or 

0 the fee set forth in 1.17(p). 

THIS IDS IS BEING FILED UNDER 37 C.F.R. 1.97(d}: 
After the period specified in 37 C.F.R. 1 ,97(c) and on or after the mailing date of any of a final action under 1,113, a notice of 
allowance under 1.311 or an action that otherwise closes prosecution in the application, but before or simultaneous with 

D payment of the issue fee, and accompanied by a statement specified in 1.97(e) as subsequently provided in this IDS and the 
fee set forth in 1.17(p). 

Statement under 37 C.F.R. 1.97(e) (check only one box) 
The undersigned hereby states that: 

Each item of information contained in the IDS was first cited in any communication from a foreign patent office in a 
D counterpart foreign application not more than three months prior to the filing of this IDS. 

No item of information contained in the IDS was cited in a communication from a foreign patent office in a counterpa1i 
foreign application, and, to knowledge of the person signing the cert,ification after making reasonable inquiry, no item of 

D information contained in the IDS was known to any individual designated in 37 
CFR. 1.56(c) more than three months prior to the filing of this IDS. 

Statement under 37 C.F.R. §1.704(d): 

The undersigned hereby states that each item of information contained in the information disciosure statement: (i) was first 
cited in any communication from a patent office in a counterpart foreign or international application or from t~1e Office, and 

D this communication was not received by any individual designated in§ 1.56(c) more than thirty days prior to the filing of the 
information disclosure statement; or (ii) is a communication that was issued by a patent office in a counterpart foreign or 
international application or by the Office, and this communication was not received by any individual designated in § 
1 ,56(c) more than thirty days prior to the filing of the information disclosure statement.. 

VL CONCLUSION 

it is respectfully submitted that the claims presently on file patently distinguish the present invention from each of the 
references cited in this IDS. The references cited in t~1is IDS are being cited only in the interest of candor and without 
any admission that they constitute statutory prior art or contain matter which anticipates the invention or which would 
render the same obvious, either singiy or in a combination, to a person of ordinary skill in the art. Furthermore the 
filing of this IDS should not be construed to be an admission that the information cited in this IDS is, or is considered to 
be, material to patentability as defined in 1.56(b). In addition, the filing of this IDS s~1ould not be construed as a 
representation that a search has been made. 

if the Examiner has any questions concerning this IDS, the Examiner is requested to contact the undersigned at the 
telephone number associated wit~1 Customer No. 70560 , If it is determined that this IDS has been filed under the 
wrong rule, the PTO is requested to consider this IDS under the proper rule, with a petition if necessary, and charge 
the appropriate fee to Deposit Account No. 50-2091. 
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Authorized Signature _______________________ _ 

Typed or printed name ______________________ _ 

PTOL-85 Part B (08-18) Approved for use through 01/31/2020 
Page 2 of3 

0MB 0651-0033 

Date ____________________ _ 

Registration No. ________________ _ 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

16/252,356 01/18/2019 

70560 7590 09/09/2019 

LKGLOBAL (Dish Technologies L.L.C.) 
7010 E. COCHISE ROAD 
SCOTTSDALE, AZ 85253 

FIRST NAMED INVENTOR 

DAVID F. BRUECK 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

066.0141X1C8 8631 

EXAMINER 

PATEL, CHIRAG R 

ART UNIT PAPER NUMBER 

2454 

DA TE MAILED: 09/09/2019 

Determination of Patent Term Adjustment under 35 U.S.C.154 (b) 
(Applications filed on or after May 29, 2000) 

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance. 

Section l(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement 
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent 
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial 
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term 
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior 
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration 
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process 
outlined in 37 CFR 1.705. 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571 )-272-4200. 

Page 3 of 3 
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0MB Clearance and PRA Burden Statement for PTOL-85 Part B 

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget 
approval before requesting most types of information from the public. When 0MB approves an agency request to 
collect information from the public, 0MB (i) provides a valid 0MB Control Number and expiration date for the 
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform 
the public about the 0MB Control Number's legal significance in accordance with 5 CFR 1320.5(b). 

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain 
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is 
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon 
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions 
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, 
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR 
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection 
of information unless it displays a valid 0MB control number. 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your 
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements 
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b) 
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information 
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent 
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not 
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment 
of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of 

Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may 
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the 
Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence 
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of 
settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting 
a request involving an individual, to whom the record pertains, when the individual has requested assistance 
from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having 
need for the information in order to perform a contract. Recipients of information shall be required to comply 
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of 
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property 
Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, 
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility 
to recommend improvements in records management practices and programs, under authority of 44 U.S.C. 
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection 
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall 
not be used to make determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed 
in an application which became abandoned or in which the proceedings were terminated and which application 
is referenced by either a published application, an application open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Notice of Allowability 

Application No. 
16/252,356 
Examiner 
CHIRAG R PATEL 

Applicant(s) 
BRUECK et al. 

Art Unit I AIA (FITF) Status 
2454 No 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.~ This communication is responsive to the response filed on June 20, 2019. 

D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the 
restriction requirement and election have been incorporated into this action. 

3.~ The allowed claim(s) is/are 1-9 and 31-48. As a result of the allowed claim(s), you may be eligible to benefit from the Patent 
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information 
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) □All b) 0 Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of each 
sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 

2.~ Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 6/27/19, 6/27/19, 6/27/19. 

5. D Examiner's Amendment/Comment 

6. D Examiner's Statement of Reasons for Allowance 

3. D Examiner's Comment Regarding Requirement for Deposit 7. □ Other __ 
of Biological Material . 

4.0 Interview Summary (PTO-413), 
Paper No./Mail Date. 

/CHIRAG R PATEL/ 
Primary Examiner, Art Unit 2454 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20190822 
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ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

Doc code: IDS PTO/SB/0Ba (01-10) 

Doc description: Information Disclosure Statement (IDS) Filed 
Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required lo respond lo a collection of information unless it contains a valid 0MB control number. 

Application Number 16252356 

Filing Date )019-01-18 

INFORMATION DISCLOSURE First Named Inventor I ~avid F _ Brueck 
STATEMENT BY APPLICANT 

Art Unit 12447 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Chirag R. Patel 

Attorney Docket Number I 066.0141X1C8 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number 

Code1 
Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 8521836 B2 Q013-08-27 Kewalramani et al. 

2 V558869 B2 R009-07-07 eon et al. 

3 V707303 B2 R010-04-27 l\lbers et al. 

4 V925781 B1 Ro11-04-12 ~han et al. 

5 8880721 B2 Q014-11-04 Hurst et al. 

6 ~344496 B2 R016-05-17 Hurst et al. 

7 8683066 B2 R014-03-25 Hurst et al. 

8 8686066 B2 R014-04-01 Kwampian et al. 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

EFSWeb 2.1.17 

fuboTV Media Inc. 
Exhibit 1002 

Page 623



ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

Application Number 16252356 

Filing Date 2019-01-18 

INFORMATION DISCLOSURE First Named Inventor I David F. Brueck 
STATEMENT BY APPLICANT 

Art Unit 2447 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Chirag R. Patel 

Attorney Docket Number 066.0141X1C8 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

9 p708213 B1 t2004-03-16 Bommaiah et al. 

10 p757796 B1 t2004-06-29 Hofmann 

11 9462074 B2 t2016-10-04 3uo et al. 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 
U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 20050033855 A1 t2005-02-10 Moradi et al. 

2 20030093790 A1 t2003-05-15 ogan et al. 

3 20030195977 A1 t2003-10-16 iu et al. 

4 20040199655 A1 t2004-10-07 Davies et al. 

5 20040267956 A1 t2004-12-30 eon et al. 

6 20040220926 A1 t2004-11-04 amkin et al. 

EFSWeb 2.1.17 ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 
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ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

Application Number 16252356 

Filing Date 2019-01-18 

INFORMATION DISCLOSURE First Named Inventor I David F. Brueck 
STATEMENT BY APPLICANT 

Art Unit 2447 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Chirag R. Patel 

Attorney Docket Number 066.0141X1C8 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

7 20060010003 A1 t2006-01-12 Kruse 

8 20060277564 A1 t2006-12-07 Jarman 

9 20150058496 A1 t2015-02-26 Hurst et al. 

10 20100262711 A1 t2010-10-14 Bouazizi 

11 20050251832 A1 t2005-11-10 8hiueh 

12 20040221088 A1 t2004-11-04 isitsa et al. 

13 20040179032 A1 t2004-09-16 Huang 

14 20020161908 A1 t2002-10-31 Benitez et al. 

15 20030021282 A1 t2003-01-30 Hospodor 

16 20080120330 A1 t2008-05-22 Reed et al. 

17 20080120342 A1 t2008-05-22 Reed et al. 

EFSWeb 2.1.17 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 
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ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

Application Number 16252356 

Filing Date 2019-01-18 

INFORMATION DISCLOSURE First Named Inventor I David F. Brueck 
STATEMENT BY APPLICANT 

Art Unit 2447 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Chirag R. Patel 

Attorney Docket Number 066.0141X1C8 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

18 20110307545 A1 Ro11-12-15 BOUAZIZI 

19 20050262257 A1 R00S-11-24 Major et al. 

20 20030236904 A1 Roo3-12-25 il\/alpole et al. 

If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 

FOREIGN PATENT DOCUMENTS IRemovel 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2i Code4 Date Passages or Relevant 

Document 
Figures Appear 

1 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 

NON-PATENT LITERATURE DOCUMENTS IRemovel 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), Ts 
publisher, city and/or country where published. 

1 Krasic et al., QUALITY-ADAPTIVE MEDIA STREAMING BY PRIORITY DROP, Oregon Graduate Institute, 2001. X 

2 
Krasic et al., QoS SCALABILITY FOR STREAMED MEDIA DELIVERY, Oregon Graduate Institute School of Science [8J 
~ Engineering Technical Report CSE 99-011, September 1999. 

3 
Huang et al., ADAPTIVE LIVE VIDEO STREAMING BY PRIORITY DROP, Portland State University PDXScholar, July [8J ~1. 2003. 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 
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ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

Application Number 16252356 

Filing Date 2019-01-18 

INFORMATION DISCLOSURE First Named Inventor I David F. Brueck 
STATEMENT BY APPLICANT 

Art Unit 2447 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Chirag R. Patel 

Attorney Docket Number 066.0141X1C8 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

4 
1/Valpole et al, A PLAYER FOR ADAPCTIVE MPEG VIDEO STREAMING OVER THE INTERNET, Oregon Graduate cg] 
nstitute of Science and Technology, October 25, 2012. 

5 
~LBANESE, ANDREW ET AL. "Priority Encoding Transmission", TR-94-039, August 1994, 36 pgs, International cg] Computer Science Institute, Berkeley, CA_ 

6 BIRNEY, BILL "Intelligent Streaming", May 2003, Microsoft_ cg] 

7 
~OYAL, VIVEK K. "Multiple Description Coding: Compression Meets the Network," September 2001, pgs_ 74-93, IEEE cg] 
Signal Processing Magazine. 

8 PN2 TECHNOLOGIES, INC. "TrueMotion VP7 Video Codec" White Paper, Document Version 1.0, January 10, 2005. cg] 

9 
PATHAN, AL-MUKADDIM ET AL. "A Taxonomy and Survey of Content Delivery Networks" Australia, February 2007, cg] ~vailable at http:l/www.gridbus.org/reports/CDN-Taxonomy .pdf_ 

10 
PURI, ROHIT ET AL. "Multiple Description Source Coding Using Forward Error Correction Codes," October 1999, 5 cg] pgs., Department of Electrical Engineering and Computer Science, University of California, Berkeley, CA. 

11 
I/VICKER, STEPHEN B_ "Error Control Systems for Digital Communication and Storage," Prentice-Hall, Inc., New cg] 
~ersey, USA, 1995, parts 1-6. 

12 
JU, JIANGCHUAN ET AL. "Opportunities and Challenged of Peer-to-Peer Internet Video Broadcast," School of cg] 
Computing Science, Simon Fraser University, British Columbia, Canada. 

13 
CLEMENT, B_ "Move Networks closes $11.3 Million on First Round VC Funding," Page One PR, Move Networks, Inc_ cg] Press Releases, February 7, 2007, http://www_move.tv/press/press20070201.html. 

14 
MOVE NETWORKS, INC. "The Next Generation Video Publishing System," April 11, 2007; http://www.movenetworks_ cg] ~m/wp-content/uploads/move-networks-publishing-system.pdf_ 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 
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ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

Application Number 16252356 

Filing Date 2019-01-18 

INFORMATION DISCLOSURE First Named Inventor I David F. Brueck 
STATEMENT BY APPLICANT 

Art Unit 2447 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Chirag R. Patel 

Attorney Docket Number 066.0141X1C8 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

ri'OSHIMURA, TAKESHI ET AL. "Mobile Streaming Media CON Enabled by Dynamic SMIL", NTT DoCoMo, 
15 Multimedia Laboratories and Hewlett-Packard Laboratories.dated May 7-11, 2002, ACM 1-58113-449-5/02/0005; cg] 

rattp:/lwww2002.org/CDROM/refereed/515/. 

Nguyen, T. et al., Multiple Sender Distributed Video Streaming, IEEE TRANSACTINOS ON MULTIMEDIA, IEEE 
16 SERVICE CENTER, PISCATAWAY, NJ, US, vol. 6, no. 2, April 1, 2004, pages 315-326, XP011109142, ISSN: cg] 

~520-9210, DOI: 10.1109/TMM,2003.822790. 

If you wish to add additional non-patent literature document citation information please click the Add button I Add I 
EXAMINER SIGNATURE 

Examiner Signature 11 / CHIRAG R PATEL/ I Date Considered 11 08/22/2019 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i 
English language translation is attached. 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 
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ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

Application Number 16252356 

Filing Date 2019-01-18 
INFORMATION DISCLOSURE First Named Inventor I David F. Brueck 
STATEMENT BY APPLICANT 

Art Unit 2447 
( Not for submission under 37 CFR 1.99) 

I Chirag R. Patel Examiner Name 

Attorney Docket Number 066.0141X1C8 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

OR 

That each item of information contained in the information disclosure statement was first cited in any communication 
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 
information disclosure statement. See 37 CFR 1.97(e)(1). 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

X See attached certification statement. 

The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /BRETT A. CARLSON/ Date (YYYY-MM-DD) 2019-06-27 

Name/Print Brett A. Carlson Registration Number ~9928 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 
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ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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Examiner Art Unit 

CHIRAG R PATEL 2454 

✓ Rejected Cancelled N Non-Elected A Appeal 

-- Allowed Restricted I Interference 0 Objected 

CLAIMS 

□ Claims renumbered in the same order as presented by applicant 0 CPA ~ T.D. 0 R.1.47 

CLAIM DATE 
Final Original 03/19/2019 08/22/2019 
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Doc code: IDS PTO/SB/0Ba (01-10) 

Doc description: Information Disclosure Statement (IDS) Filed Approved for use through 07/31/2012. 0MB 0651-0031 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 

Under the Paperwork Reduction Act of 1995, no persons are required lo respond lo a collection of information unless it contains a valid 0MB control number. 

Application Number 16252356 

Filing Date )019-01-18 

INFORMATION DISCLOSURE First Named Inventor I ~avid F _ Brueck 
STATEMENT BY APPLICANT 

Art Unit 12447 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Chirag R. Patel 

Attorney Docket Number I O66.0141X1C8 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number 

Code1 
Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 6267334 A M993-11-3O Normille et al. 

2 6404446 A M995-O4-O4 Bowater et al. 

3 6841432 A M998-11-24 ~armel et al. 

If you wish to add additional U.S. Patent citation information please click the Add button. I Add I 

U.S.PATENT APPLICATION PUBLICATIONS I Remove I 

Examiner Publication Kind Publication Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* 
Cite No 

Number Code1 Date of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 20020156912 A1 ~002-10-24 Hurst et al. 

2 20030055995 A1 ~003-03-20 /\la Honkola 

If you wish to add additional U.S. Published Application citation information please click the Add button.I Add I 

FOREIGN PATENT DOCUMENTS IRemovel 

Name of Patentee or 
Pages,Columns,Lines 

Examiner Cite Foreign Document Country Kind Publication 
Applicant of cited 

where Relevant T5 
Initial* No Number3 Code2i Code4 Date Passages or Relevant 

Document 
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Application Number 16252356 

Filing Date 2019-01-18 

INFORMATION DISCLOSURE First Named Inventor I David F. Brueck 
STATEMENT BY APPLICANT 

Art Unit 2447 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Chirag R. Patel 

Attorney Docket Number 066.0141X1C8 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

1 

If you wish to add additional Foreign Patent Document citation information please click the Add button I Add I 
NON-PATENT LITERATURE DOCUMENTS IRemovel 

Examiner Cite 
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item 

Initials* No 
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T5 
publisher, city and/or country where published. 

1 
ROY, S., et al., "Architecture of a Modular Streaming Media Server for Content Delivery Networks," 2002 IEEE. 

X Published in the 2003 International Conference on Multimedia and Expo ICME 2003. 

BOMMAIAH, E., et al., "Design and Implementation of a Caching System for Streaming Media over the 
2 nternet," 2000 IEEE. Published in RTAS '00 Proceedings of the Sixth IEEE Real Time Technology and Applications [8J 

Symposium (RT AS 2000), page 111. 

If you wish to add additional non-patent literature document citation information please click the Add button I Add I 

EXAMINER SIGNATURE 

Examiner Signature 11 /CHIRAG R PATEL/ I Date Considered I 08/22/2019 

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a 
citation if not in conformance and not considered. Include copy of this form with next communication to applicant. 

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO 
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i 
English language translation is attached. 
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Application Number 16252356 

Filing Date 2019-01-18 
INFORMATION DISCLOSURE First Named Inventor I David F. Brueck 
STATEMENT BY APPLICANT 

Art Unit 2447 
( Not for submission under 37 CFR 1.99) 

I Chirag R. Patel Examiner Name 

Attorney Docket Number 066.0141X1C8 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

CERTIFICATION STATEMENT 

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s): 

OR 

That each item of information contained in the information disclosure statement was first cited in any communication 
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the 
information disclosure statement. See 37 CFR 1.97(e)(1). 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

X See attached certification statement. 

Fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

None 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /BRETT A. CARLSON/ Date (YYYY-MM-DD) 2019-06-27 

Name/Print Brett A. Carlson Registration Number ~9928 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 

EFSWeb 2.1.17 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

fuboTV Media Inc. 
Exhibit 1002 

Page 636



ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 
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l's'21111s I ( (H04N19/34 OR H04N19/40 OR I us- ! OR ! ON [ 2019103114! 
I I I H04N21/234327).CPC.) AND request with I PGPUB; I I [ 12:42 I 
! ! ! enhancement near2 layer ! USPAT; ! ! ! ! 
I I I I USOCR· ! ! I ! 
\ \ \ ~ ' ' ' ~ ' 
I I I I FPRS· ! ! I ! 
\ \ \ ~ ' ' ' ~ ' 
I I I I EPO I I I I 
I I I ~ : : ~ : 

IS22l 25 I ( (H04N19/34 OR H04N19/40 OR ! US- I OR I ON i 2019/03/141 
\ I I ~ ' ' , ' 

I ! ! H04N21/234327).CPC.) AND request with I PGPUB; ! ! 112:44 ! 
I I I enhancement near2 layer and I USPAT; I I [ I 
I I I @ad< "20040430" I USOCR; I I 1 I 
I I I I FPRS· I I I I 

1-------- j--------------J ----------------------------------------------------------------------------------------------------I EPo--'_----I-------------------------I----------------- l--------------------------l IS23l O I ( (H04N19/34 OR H04N19/40 OR I US- ! OR ! ON [ 2019/03/14! 
I I I H04N21/234327).CPC.) AND live same I PGPUB; I I [ 14:10 I 
! ! ! chunk$3 and @ad< "20040430" ! USPAT; ! ! ! ! 
I I I I USOCR· ! ! I ! 
\ \ \ ~ ' ' ' ~ ' 
I I I I FPRS· ! ! I ! 
\ \ \ ~ ' ' ' ~ ' 
I I I I EPO I I I I 
I I I ~ : : ~ : 

l's247 5 I ( (H04N19/34 OR H04N19/40 OR ! US- I OR I ON i 2019/03/141 
I I I H04N21/234327).CPC.) AND live and I PGPUB; I I 114:11 I 
I I I (stream let chunk$3) and @ad< "20040430" I USPAT; I I [ I 
I I I I USOCR-1 I I I 
\ \ \ ~ ' ' ' ~ ' 
I I I I FPRS· ! ! I ! 

1-------- j--------------J ----------------------------------------------------------------------------------------------------I EPo--'_----I-------------------------I----------------- l--------------------------l IS26l 1 I ( (H04N19/34 OR H04N19/40 OR I US- ! OR ! ON [ 2019/03/14! 
I I I H04N21/234327).CPC.) AND live and I PGPUB; I I [ 14:12 I 
! ! ! (streamlet chunk$3) and enhancement AND ! USPAT; ! ! ! ! 
I I I @ad< "20040430" I USOCR; I I [ I 
I I I I FPRS· ! ! I ! 
\ \ \ ~ ' ' ' ~ ' 
I I I I EPO I I I I 
I I I ~ : : ~ : 

l's26i 1 i ( (H04N19/34 OR H04N19/40 OR I US- i OR i ON i 2019/03/141 
I ! ! H04N21/234327).CPC.) AND live NEAR I PGPUB; ! ! 114:15 ! 
I I I STREAM and ENHANCEMENT adj layer and I USPAT; I I [ I 
I I I @ad< "20040430" I USOCR; I I 1 I 
I I I I FPRS· I I I I 

1-------- j--------------J ----------------------------------------------------------------------------------------------------I EPo--'_----I-------------------------I----------------- l--------------------------l 
IS27l 4 ! ( (H04N19/34 OR H04N19/40 OR ! US- ! OR ! ON ! 2019/03/14! 
I I I H04N21/234327).CPC.) AND real near2 time I PGPUB; I I 114:19 I 
! ! ! with chunk$3 and @ad< "20040430" ! USPAT; ! ! ! ! 
I I I I USOCR· ! ! I ! 
\ \ \ ~ ' ' ' ~ ' 
I I I I FPRS· ! ! I ! 
\ \ \ ~ ' ' ' ~ ' 
I I I I EPO I I I I 
I~------------!·----------------------------------------------------------------------------------------------------;-----------------!------------------------!----------------:-----------------------! 
! S28 ! 4 ! enhancement near2 layer AND live and ! US- ! OR ! ON ! 2019/03/ 14! 
I ! ! (stream let chunk$3) and @ad< "20040430" I PGPUB; ! ! ! 14:21 ! 
I I I I USPAT· I I I I 
\ \ \ ~ ' ' ' ~ ' 
I I I I USOCR· ! ! I ! 
\ \ \ ~ ' ' ' ~ ' 
I I I I FPRS· ! ! I ! 

1-------- j--------------J ----------------------------------------------------------------------------------------------------1 EPo--'_----l-------------------------1----------------- l--------------------------1 
l's297 36 I ( (H04N19/34 OR H04N19/40 OR I US- I OR I ON [ 2019/03/141 
I I I H04N21/234327).CPC.) AND timeline and I PGPUB; I I 115:23 I 
! I I @ad< "20040430" ! USPAT; I I I I 
I I I I USOCR· ! ! I ! 
\ \ \ ~ ' ' ' ~ ' 
I I I I FPRS· ! ! I ! 
\ \ \ ~ ' ' ' ~ ' 
I I I I EPO I I I I 
I I I ~ : : ~ : 

l[S30 ini I (H04N19/34 OR H04N19/40 OR 11us- inR i[oN i 2019/03/14i 
I ! ! H04N21/234327).CPC.) AND timeline and I PGPUB; I I ! 15:23 I 
I l l ~ I I i I 

file:///C/Users/cpatel/Documents/e-Red%20Folder/16252356/EASTSearchHistory.16252356_AccessibleVersion.htm[8/22/2019 1:03:52 PM] 

fuboTV Media Inc. 
Exhibit 1002 

Page 640



EAST Search History 

I I I enhancement adj layer AND I USPAT; I I 1 I 
I I I @ad< "20040430" I USOCR; I I 1 I 
I I I I FPRS· i i I i 

1 ........ J .............. J .................................................................................................... 1 EPo .. ' ..... 1 ......................... 1 ................. 1 .......................... 1 

ls'317 s I timeline SAME enhancement adj layer AND I US- I OR I ON ; 2019/03/ 141 
I i i @ad< "20040430" I PGPUB; i i i 15:28 i 
i i i i USPAT· I I i I 
\ \ \ ~ ' ' ' ~ ' 
i i i i USOCR• I I i I 
\ \ \ ~ ' ' ' ~ ' 
i i i i FPRS· I I i I 
\ \ \ ~ ' ' ' ~ ' 
I I I I EPO I I I I 
I I I ~ : : ~ : 

IS327 0 I ( (H04N19/34 OR H04N19/40 OR I US- I OR I ON i 2019/03/141 
I I IH04N21/234327).CPC.)ANDVIRTUALADJ IPGPUB;I I 115:41 I 
I I I timeline and @ad< "20040430" I USPAT; I I [ I 
i I I i USOCR· i i i i 
\ \ \ ~ ' ' ' ~ ' 
i i i i FPRS· I I i I 
I~ ................ 1 _ ........ _. ........................................................................................ ) EPo .. ' .. ) ...................... ) ................. J ....................... ) 
I S33 i 9 i t1meline same playback AND enhancement I US- i OR i ON i 2019/03/14! 
I I I adj layer AND @ad< "20040430" I PGPUB; I I [ 15:59 I 
I I I I USPAT; I I I I 
i i i i USOCR• I I i I 
\ \ \ ~ ' ' ' ~ ' 
i i i i FPRS· I I i I 
\ \ \ ~ ' ' ' ~ ' 
I I I I EPO I I I I 
I I I ~ : : ~ : 

IS34713 I timeline same playback same playlist AND I US- I OR I ON i 2019/03/141 
I i i @ad< "20040430" I PGPUB· 1 I i 16·25 I 
\ \ \ ~ ' ' ' ~ . ' 
I I I I USPAT· i i I i 
\ \ \ ~ ' ' ' ~ ' 
i i i i USOCR· I I i I 
\ \ \ ~ ' ' ' ~ ' 
i i i i FPRS· I I i I 
1 ........ J .............. J .................................................................................................... 1 EPo .. ' ..... 1 ......................... 1 ................. 1 .......................... 1 

ls'3sl O I timeline same playback same playlist AND I US- I OR I ON [ 2019/03/141 
I I I scalable AND @ad< "20040430" I PGPUB; I I I 16:25 I 
i i i i USPAT· I I i I 
\ \ \ ~ ' ' ' ~ ' 
i i i i USOCR• I I i I 
\ \ \ ~ ' ' ' ~ ' 
i i i i FPRS· I I i I 
\ \ \ ~ ' ' ' ~ ' 
I I I I EPO I I I I I~ .......... ,! ................................................................................................... ,; ............... ,! ...................... ,! ................ '. ....................... ! 
I S36 I 5 I timeline same playback same playlist AND I US- I OR I ON j 2019/03/141 
i I I enhancement AND @ad< "20040430" i PGPUB; I I i 16:25 I 
i I I i USPAT· i i i i 
\ \ \ ~ ' ' ' ~ ' 
i i i i USOCR· I I i I 
\ \ \ ~ ' ' ' ~ ' 
i i i i FPRS· I I i I 
1 ........ J .............. J .................................................................................................... 1 EPo .. ' ..... 1 ......................... 1 ................. 1 .......................... 1 

IS37l 1 I ( (H04N19/34 OR H04N19/40 OR I US- I OR I ON I 2019/03/141 
I I I H04N21/234327).CPC.) AND delay near2 I PGPUB; I I 119:54 I 
I I I "1 O" near2 second and @ad< "20040430" I USPAT; I I I I 
i i i i USOCR• I I i I 
\ \ \ ~ ' ' ' ~ ' 
i i i i FPRS· I I i I 
\ \ \ ~ ' ' ' ~ ' 
I I I I EPO I I I I I~ .......... ,! ................................................................................................... ,; ............... ,! ...................... ,! ................ '. ....................... ! 
I S38 IO I enhancement near2 layer AND live same I US- I OR I ON j 2019/03/ 141 
i I I sports and (stream let chunk$3) and i PGPUB; I I I 20:04 I 
I I I @ad< "20040430" I USPAT; I I I I 
i i i i USOCR· I I i I 
\ \ \ ~ ' ' ' ~ ' 
i i i i FPRS· I I i I 
I~ ................ 1 ................................................................................................... ) EPo .. ' .. ) ...................... ) ................. J ........................ ) 
i S39 1394 1 l1ve same sports and (streamlet chunk$3) and! US- i OR i ON 12019/03/14! 
I I I @ad< "20040430" I PGPUB; I I [ 20:04 I 
i i i i USPAT· I I i I 
\ \ \ ~ ' ' ' ~ ' 
i i i i USOCR• I I i I 
\ \ \ ~ ' ' ' ~ ' 
i i i i FPRS· I I i I 
\ \ \ ~ ' ' ' ~ ' 
I I I I EPO I I I I 
I I I ~ : : ~ : 

l[S40 ini scalab$3 near2 video AND live same sports 11us- ii7" i[oN i 2019/03/14i 
I I I and (stream let chunk$3) and I PGPUB; I I j 20:04 I 
i I I ~ ! ! ~ ! 
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I I I @ad< "20040430" I USPAT; I I 1 I 
I I I I USOCR· I I I I 
\ \ \ ~ ' ' ' ~ ' 
I I I I FPRS· I I I I 

1 ........ J .............. J .................................................................................................... 1 EPo .. ' ..... 1 ......................... 1 ................. 1 .......................... 1 

184112 I scal$3 near2 video AND live same sports and I US- I OR I ON [ 2019/03/141 
I I I (stream let chunk$3) and @ad< "20040430" I PGPUB; I I [ 20:04 I 
I I I I USPAT; I I I I 
I I I I USOCR• I I I I 
\ \ \ ~ ' ' ' ~ ' 
I I I I FPRS· I I I I 
\ \ \ ~ ' ' ' ~ ' I I I I EPO I I I I I~ .......... ,! ................................................................................................... ,; ............... ,! ...................... ,! ................ '. ....................... ! 
I S42 IO I live same sports WITH EVEN SAME ENCOD$3 i US- I OR I ON 12019/03/141 
I I I and @ad< "20040430" I PGPUB; I I [ 20:05 I 
I I I I USPAT· I I I I 
\ \ \ ~ ' ' ' ~ ' 
I I I I USOCR· I I I I 
\ \ \ ~ ' ' ' ~ ' 
I I I I FPRS· I I I I 

I~ ................ J ................................................................................................... ) EPo .. ' .. ) ...................... ) ................. J ........................ ) 
I S43 IO 111ve same sports WITH EVEN SAME I US- I OR I ON I 2019/03/141 
I I I BIT$2RATE and @ad< "20040430" I PGPUB; I I 120:05 I 
I I I I USPAT· I I I I 
\ \ \ ~ ' ' ' ~ ' 
I I I I USOCR• I I I I 
\ \ \ ~ ' ' ' ~ ' 
I I I I FPRS· I I I I 
\ \ \ ~ ' ' ' ~ ' I I I I EPO I I I I I~ .......... ,! ................................................................................................... ,; ............... ,! ...................... ,! ................ '. ....................... ! 
I S44 12 I scal$3 near2 video AND EVENT NEAR3 sports I US- I OR I ON 12019/03/ 141 
I I I and (stream let chunk$3) and I PGPUB; I I I 20:06 I 
I I I @ad< "20040430" I USPAT; I I [ I 
I I I I USOCR· I I I I 
\ \ \ ~ ' ' ' ~ ' 
I I I I FPRS· I I I I 

I~ ................ J ............................... _ .................................................................... ~ EPo .. ' .. ) ...................... ) ................. J ....................... ) 
I S45 IO I scal$3 near2 video SAME EVENT NEAR3 I US- I OR I ON I 2019/03/ 141 
I I I sports and @ad< "20040430" I PGPUB; I I 120:07 I 
I I I I USPAT; I I I I 
I I I I USOCR• I I I I 
\ \ \ ~ ' ' ' ~ ' 
I I I I FPRS· I I I I 
\ \ \ ~ ' ' ' ~ ' I I I I EPO I I I I 

l's467 4 I ( (H04N19/34 OR H04N19/40 OR i US- I OR I ON I 2019/03/141 
I I I H04N21/234327).CPC. ) AND LIVE NEAR3 I PGPUB; I I 120:09 I 
I I I SPORTS and @ad< "20040430" I USPAT; I I [ I 
I I I I USOCR-1 I I I 
\ \ \ ~ ' ' ' ~ ' 
I I I I FPRS· I I I I 

1 ........ J .............. J .................................................................................................... 1 EPo .. ' ..... 1 ......................... 1 ................. 1 .......................... 1 

r7 l□r•7934159").PN. lus- l□R rFF 12019/03/181 I I I I PGPUB· I I I 12·27 I 
\ \ \ ~ ' ' ' ~ . ' 
I I I I USPAT· I I I I 
\ \ \ ~ ' ' ' ~ ' 
I I I I USOCR I I I I I I I ~ : : ~ : ' .... ' ............... , ................................................................................................ . ............. • ......................... • ............. ' ......................... . 
I S48 I 2 I streamlets with live near2 stream with I US- I OR I ON I 2019/08/201 
i I I . ~ l l ~ l I I I b1trate I PGPUB; I I 111: 16 I 
I I I I USPAT· I I I I 
\ \ \ ~ ' ' ' ~ ' 
I I I I USOCR· 1 I I I 
\ \ \ ~ ' ' ' ~ ' 
I I I I FPRS· I I I I 

I~ ............. J ...................................................................................................... l EPO .: ..... 1 ........................ 1 ................. 1 .......................... I 
I S49 12 I streamlets with live near2 stream I US- I OR I ON I 2019/08/201 
I I I I PGPUB· I I j 11 · 16 I 
I I I I USPAT: I I I . I 
\ \ \ ~ ' ' ' ~ ' 
I I I I USOCR-1 I I I 
\ \ \ ~ ' ' ' ~ ' 
I I I I FPRS· I I I I 
I I I I EPO, I I I I 

llsso ii, 5 i stream lets with stream with blt$2rate i us- inR !ION i 2019/08/201 
I I I I PGPUB; I I 111 : 19 I 
I I I I USPAT· I I I I 
\ \ \ ~ ' ' ' ~ ' 
I I I I USOCR· 1 I I I 
I I I ~ , ! ! ~ ! 
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l 

1
1 

1
1 \lFPRS· il il II i 

........ .J .............. .J ...................................................................................................... J EPo . .' ..... 1 ........................ 1 ................. 1 .......................... 1 

S51 I 43 I ( (H04N21/2662 OR H04N21/234327 OR I US- I OR I ON I 2019/08/201 
I I H04N21/2393 OR H04L65/80 OR I PGPUB; ! ! I 11 :40 ! I I H04L67/2842 OR H04L65/4069 OR j USPAT; I I I I 
I I H04L65/607 OR H04L65/608).CPC.) and I USOCR;I I j I 
I I stream lets with bitrate I FPRS; I I I I 

........ l ............. J .................................................................................................... ! EPo ........ 1 ......................... 1 ................. I .......................... 1 
.--------_ ' ' ' ' ' 
S52 I 43 I ( (H04N21/2662 OR H04N21/234327 OR I US- I OR I ON j 2019/08/201 

I I H04N21/2393 OR H04L65/80 OR i PGPUB; I I j 11 :41 I 
! ! H04L67/2842 OR H04L65/4069 OR I USPAT; ! ! I ! 
! ! H04L65/607 OR H04L65/608).CPC.) and I USOCR;! ! I ! 
! ! stream lets with bitrate I FPRS; ! ! I ! 
! ! l EPO ! ! I ! i----------'i ................ , ....................................................................................................... .. ......................................................................... .. 

S59 I 208 I ("20010013128 I "20010047423 I I US- I OR I 2019/08/21 I 
"20020029274" "20020073167" j PGPUB; ! 13:26 I 
"20020091840" "20020097750" I USPAT I 
"20020131496" "20020144276" j , 
"20020152317" "20020152318" I 
"20020156912" "20020161898" I 
"20020161908" "20020161911" I 

"20020169926" "20020114434" I 
"20020116418" "20020118330" I 
"20020188745" "20030005455" I 
"20030014684" "20030018966" I 
"20030021166" "20030021282" I 
"20030055995" "20030065803" I 
"20030067872" "20030081582" I 

"20030093190" "20030101994" I 
"20030135631" "20030140159" I 
"20030151153" "20030152036" I 
"20030154239" "20030195977" I 
"20030204519" "20030204602" I 
"20030236904" "20040003101" I 
"20040010613" "20040030547" I 

"20040030599" "20040030191" I 
"20040031054" "20040049780" I 
"20040054551" "20040011209" I 
"20040083283" "20040093420" I 
"20040103444" "20040117427" I 
"20040143672" "20040168052" I 
"20040170392" "20040179032" I 

"20040199655" "20040220926" I 
"20040221088" "20040260101" I 
"20040267956" "20050015509" I 
"20050033855" "20050055425" I 
"20050066063" "20050076136" I 
"20050084166" "20050108414" I 
"20050120107" "20050123058" I 
"20050185578" "20050188051" I 

"20050204046" "20050251332" I 
"20050262251" "20060010003" I 
"20060059223" "20060015446" I 
"20060080718" "20060130118" I 
"20060133809" "20060165166" I 
"20060168290" "20060206246" I 
"20060236219" "20060277564" I 

"20061068295" "20010024105" I 
"20010030833" "20010067480" I 
"20010019325" "20010094405" I 
"20010204310 .. "20010280255" I 
"20080028428" "20080031521" I 
"20080046939" "20080056373" I 

~ 
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"20080104647" I "20080120330" I ! 
"20080120342" I "20080133766" I I 
"20080162713" I "20080184688" I ! 
"20080195744" I "20080205291" I I 
"20080219151" I "20080222235" I I 
"20080263180" I "20080281803" I I 
"20090043906" I "20090055471" I I 
"20090055547" I "20090210549" I I 
"20100098103" I "20100262711" I I 
"20110307545" I "20150058496" I "4535355" ! 
I "5168356" I "5267334" I "5404446" I I 
"5687095" "5732183" "57685627 I I 
"5841432" "5953506" "6091775" I 
"6091777" "6122660" "6185736" I 

"6195680" "6366614" "6374289" I 
"6389473" "6449719" "6486803" I 
"6490627" "6510553" "6574591" I 
"6604118" "6618752" "6708213" I 
"6721723" "6731600" "6757796" I 
"6760772" "6795863" "68451 oT" I 
"6850965" "6859839" "6874015" I 

"6968387" "6976090" "7054365" I 
"7054774" "1054911" "7075986" I 
"1093001" "7096211" "7099954" I 
"7116894" "7174385" "7194549" I 
"72401 oo" "7260640" "7274740" I 
"7295520" "7310678" "1325013" I 
"7328243" "7330908" "7334044" I 

"7349358" "7349976" "736961 O" I 
"7376747" "7391117" "7408984" I 
"7412531" "7477688" "7523181" I 
"7536469" "7546355" "7558869" I 
"7577750" "7593333" "7599307" I 
"7609652" "7653735" "7707303" I 
"7719985" "7760801" "7779135" I 

"7788395" "7797439" "7817985" I 
"7818444" "7925781" "8036265" I 
"8370514" "8402156" "8521836" I 
"8612624" "8683066" "8686066" I 
"8868772" "8880121" "9344496" I 
"9462074").PN .................................................................... 1 

□[]4 !lss9 AND STREAMLETS 1'"'""u=s=-="'!'DR !□N ! 2019108121 ! ! I PGPUB· ! ! I 13·26 ! 
I ~ l ' ' ~ • ' 

"""'"" j """"""""""""""""""""""""""""""""""""""""""""""""""! USPA T "I """""""""""" I """"""""I """"""""""""" I 
S61 ! 208 I ("20010013128 I "20010047423 I I US- ! OR ! ON I 2019/08/21 ! 

! "20020029274" "20020073167" ! PGPUB; ! ! 13:41 ! 
! "20020091840" "20020097750" ! USPAT ! 
I "20020131496" "20020144276" 
! "20020152317" "20020152318" 
! "20020156912" "20020161898" 
I "20020161908" "20020161911" 
!"20020169926" "20020174434" 
! "20020176418" "20020178330" 
!"20020188745" "20030005455" 
1"20030014684" "20030018966" 
! "20030021166" "20030021282" 
!"20030055995" "20030065803" 
1 "20030067872" "20030081582" 
! "20030093790" "20030107994" 
! "20030135631" "20030140159" 
! "20030151753" "20030152036" 
1"20030154239" "20030195977" 
!"20030204519" "20030204602" 
! "20030236904" "20040003101" 
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"2004003054 7" 
"20040030797" 
"20040049780" 
"20040071209" 
"20040093420" 
"20040117427" 
"20040168052" 
"20040179032" 
"20040220926" 
"20040260701" 
"20050015509" 
"20050055425" 
"20050076136" 
"20050108414" 
"20050123058" 
"20050188051" 
"20050251832" 
"20060010003" 
"20060075446" 
"20060130118" 
"20060165166" 
"20060206246" 
"20060277564" 
"20070024705" 
"20070067480" 
"20070094405" 
"20070280255" 
"20080037527" 
"20080056373" 
"20080120330" 
"20080133766" 
"20080184688" 
"20080205291" 
"20080222235" 
"20080281803" 
"20090055471" 
"20090210549" 

1"20040010613" 
1"20040030599" 
1"20040031054" 
1"20040054551" 
1"20040083283" 
1"20040103444" 
I "20040143672" 
1"20040170392" 
I "20040199655" 
1"20040221088" 
1"20040267956" 
1"20050033855" 
1"20050066063" 
1 "20050084166" 
I "20050120107" 
1"20050185578" 
1"20050204046" 
I "20050262257" 
1"20060059223" 
1"20060080718" 
1 "20060133809" 
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IS53 r9 I ( (H04N21/2662 OR H04N21/234327 OR I us- ID□ 2019/08/21, 
I I I H04N21/2393 OR H04L65/80 OR H04L67/2842 ! PGPUB;! ! I 08:11 ! 
I I I OR H04L65/4069 OR H04L65/607 OR ! USPAT ! ! I ! 
\ I > ) ' ' ' ' 

I ! I H04L65/608).CPC. ) and streamlets and live adj I ! ! I ! 
! ....... J ......... J event .............................................................................................. J ................. ! ........................ ! .................. 1 .......................... ! 

11
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! ........ J ......... J qualitY .......................................................................................... J USPATJ ...................... J ................ J ........................ J 

lS57 ID stream let with live adj event AND different I US- I□□ 2019/08/21 ! I i ~ . : : : : : 
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information disclosure statement. See 37 CFR 1.97(e)(1). 

That no item of information contained in the information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification 
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to 

D any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure 
statement. See 37 CFR 1.97(e)(2). 

X See attached certification statement. 

The fee set forth in 37 CFR 1.17 (p) has been submitted herewith. 

A certification statement is not submitted herewith. 
SIGNATURE 

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the 
form of the signature. 

Signature /BRETT A. CARLSON/ Date (YYYY-MM-DD) 2019-06-27 

Name/Print Brett A. Carlson Registration Number ~9928 

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the 
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. 
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND 
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, 
VA 22313-1450. 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 
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ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the 
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised 
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited 
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to 
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested 
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may 
result in termination of proceedings or abandonment of the application or expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act 
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the 
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a 
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement 
negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a 
request involving an individual, to whom the record pertains, when the individual has requested assistance from the 
Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for 
the information in order to perform a contract. Recipients of information shall be required to comply with the 
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records 
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant 
to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of 
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or 
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to 
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and 
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this 
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make 
determinations about individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of 
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record 
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in 
an application which became abandoned or in which the proceedings were terminated and which application is 
referenced by either a published application, an application open to public inspections or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law 
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 
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Doc Code: C.AD 
Document Description: Change of Address 

CHANGE OF CORRESPONDENCE ADDRESS 
Application 

Application Number Art Unit 
16252356 2454 

Filing Date Examiner Name 
18-Jan-2019 CHIRAG PATEL 

First Name Inventor Attorney Doc. Number 
DAVID BRUECK 066.0141 X1 C8 

Please change the correspondence address for the above-identified patent application to: 

The address associated with Customer Number: 

□ Firm or Individual Name: 

Address 

City 

I 

State 

Country 

Telephone 

I 

Signature: 

54583 
DISH Technologies L.L.C. 

9601 S. Meridian Blvd 

ENGLEWOOD CO 80112 
UNITED STATES 
303-706-4506 
ipdept@echostar.com 

OR 

IEmail 

I Postal Code 

I 

I 

AIA/122-EFS 

I certify, in accordance with 37 CFR 1.4(d)(4) that I am an attorney or agent registered to practice before the Patent and Trademark Office who 
has filed and has been granted power of attorney in this application. 

Signature /BRETT A. CARLSON/ Date 09-12-2019 

Name Brett Carlson Registration Number 39928 

WEBC.AD 1.0 
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Electronic Acknowledgement Receipt 

EFSID: 37142207 

Application Number: 16252356 

International Application Number: 

Confirmation Number: 8631 

Title of Invention: 
APPARATUS, SYSTEM, AND METHOD FOR MULTI-BITRATE CONTENT 
STREAMING 

First Named Inventor/Applicant Name: DAVID F. BRUECK 

Customer Number: 70560 

Filer: Brett Carlson/Julie Graf 

Filer Authorized By: Brett Carlson 

Attorney Docket Number: 066.0141 Xl CS 

Receipt Date: 12-SEP-2019 

Filing Date: 18-JAN-2019 

Time Stamp: 14:08:48 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type CARD 

Payment was successfully received in RAM $1000 

RAM confirmation Number E20199BE08452573 

Deposit Account 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes}/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

46440 

1 Issue Fee Payment (PTO-85B) Web85b.pdf no 2 
3fd aO 1 ebad 97a0334 2bfd4 f4d68e654bb40 

ea320 

Warnings: 

Information: 

37012 

2 Change of Address 
web85correspondenceaddress. 

no 1 
pdf 

f04 72c2 9 325 5 2ae b6e8c 7c05 4d de 799 bdd 3 
d7da7 

Warnings: 

Information: 

32653 

3 Maintenance Fee Address Change web85feeaddress.pdf no 1 
Od 5 d 3e 7b 7 bc8d4efd5 bOfSf 4e b4 3 66b88ad 

77bc7 

Warnings: 

Information: 

31970 

4 Fee Worksheet (5B06) fee-info.pdf no 2 
ffc8b28c203fc65 b86d 1 f2 725 fdOcd c04 21 e 5 

3b5 

Warnings: 

Information: 

Total Files Size (in bytes) 148075 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 
National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT /DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 
New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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Doc Code: IFEE PTOU85B-EFS 

Document Description: Issue Fee Payment (PTO-85B) 

Issue Fee Transmittal Form 

Application Number Filing Date First Named Inventor Atty. Docket No. Confirmation No. 

16252356 18-Jan-2019 DAVID BRUECK 066.0141X1C8 8631 

TITLE OF INVENTION : 

APPARATUS, SYSTEM, AND METHOD FOR MULTI-BITRATE CONTENT STREAMING 

Entity Status Application Type Art Unit Class - Subclass EXAMINER 

Regular Undiscounted Utility under 35 USC 111 (a) 2454 219000 CHIRAG PATEL 

Issue Fee Due Publication Due Total Fee(s) Due Date Due Prev. Paid Fee 

$1000 $0 $1000 09-Dec-2019 $0 

1.Change of Correspondence Address and/or Indication Of Fee Address (37 CFR 1.33 & 1.363) 
Current Correspondence Address: 

70560 
LKGLOBAL (Dish Technologies L.L.C.) 

7010 E. COCHISE ROAD 

SCOTTSDALE AZ 85253 
UNITED STATES 
480-385-5060 

IZJ Change of correspondence address requested, system 
generated AIA/122-EFS form attached 

2.Entity Status 

Change in Entity Status 

Current Indicated Fee Address: 

IZJ Fee Address indication requested, system generated SB/47-EFS 
form attached 

Applicant certifying micro entity status; system generated Micro Entity certification form attached. See 37 CFR 1.29. 

0 

0 

Note: Absent a valid certification of micro entity status, issue fee payment in the micro entity amount will not be accepted at the risk of application abandonment. 
If this box is checked, you will be prompted to choose a micro entity status on the gross income basis (37 CFR 1.29(a)) or the institution of higher education basis 
(37 CFR 1.29(d)), and make the applicable certification online. 

Applicant asserting small entity status. See 37 CFR 1.27. 
Note: If the application was previously under micro entity status, checking this box will be taken to be a notification of loss of entitlement to micro entity status. 

Applicant changing to regular undiscounted fee status. 
Note: Checking this box will be taken to be a notification of loss of entitlement to small or micro entity status, as applicable. 

WEB IFEE 1.0 
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Doc Code: IFEE 

Document Description: Issue Fee Payment (PTO-85B) 

3.The Following Fee(s) Are Submitted: 

IZJ Issue Fee 

D Publication Fee 

D Advance Order - # of copies 

4.Firm and/or Attorney Names To Be Printed 

NOTE: If no name is listed, no name will be printed 
For printing on the patent front page, list to be displayed as entered 

1. LORENZ & KOPF LLP 

2. 

3. 

S.Assignee Name(s) and Residence Data To Be Printed 

□ 

□ 

IZI 

PTOU85B-EFS 

I authorize USPTO to apply my previously paid issue fee to the 
current fees due 

The Director is hereby authorized to apply my previously paid 
issue fee to the current fee due and to charge deficient fees to 
Deposit Account Number 

If in addition to the payment of the issue fee amount submitted 
with this form, there are any discrepancies in any amount(s) due, 
the Director is authorized to charge any def!fb1'Q~, or credit any 
overpayment, to Deposit Account Number _______ _ 

The issue fee must be submitted with this form. If payment of 
the issue fee does not accompany this form, checking this box 
and providing a deposit account number will NOT be 
effective to satisfy full payment of the fee(s) due. 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

Name City State Country Category 

DISH Technologies L.L.C. Englewood COLORADO united states corporation 

6.Signature 

I certify, in accordance with 37 CFR 1.4(d)(4) that I am an attorney or agent registered to practice before the Patent and Trademark Office who has filed and has been granted 
power of attorney in this application. I also certify that this Fee(s) Transmittal form is being transmitted to the US PTO via EFS-WEB on the date indicated below. 

Signature /BRETT A. CARLSON/ Date 09-12-2019 

Name Brett Carlson Registration Number 39928 

WEB IFEE 1.0 
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Doc Code: MFEE.C.AD PTO/SB/47-EFS 

Document Description: Maintenance Fee Address Change 

FEE ADDRESS INDICATION FORM 

Application Number Art Unit 
16252356 2454 

Filing Date Examiner Name 
18-Jan-2019 CHIRAG PATEL 

First Name Inventor Attorney Doc. Number 
DAVID BRUECK 066.0141 X1 C8 

INSTRUCTIONS: In order for the fee address identified on this form to be effective, the issue fee must have been paid for the application 
listed on this form. Only an address represented by a customer number can be established as the fee address for maintenance fee 
purposes (hereafter, fee address). A fee address should be established when correspondence related to maintenance fees should be 
mailed to a different address than the correspondence address for the application. For more information on customer numbers, see the 
Manual of Patent Examining Procedure (MPEP) § 403. 

Please recognize as the Fee Address under the provisions of 37 CFR 1.363 the address associated with: 

Customer Number: 000197 
CPA GLOBAL LIMITED 

2318 Mill Road 12th Floor 

ALEXANDRIA VA 22314 
UNITED STATES 
7037392234 

Signature: 

I certify, in accordance with 37 CFR 1.4(d)(4) that I am an attorney or agent registered to practice before the Patent and Trademark Office who 
has filed and has been granted power of attorney in this application. 

Signature /BRETT A. CARLSON/ Date 09-12-2019 

Name Brett Carlson Registration Number 39928 
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Electronic Patent Application Fee Transmittal 

Application Number: 16252356 

Filing Date: 18-Jan-2019 

Title of Invention: 
APPARATUS, SYSTEM, AND METHOD FOR MULTI-BITRATE CONTENT 
STREAMING 

First Named Inventor/Applicant Name: DAVID F. BRUECK 

Filer: Brett Carlson/Julie Graf 

Attorney Docket Number: 066.0141 Xl CS 

Filed as Large Entity 

Filing Fees for Utility under 35 USC 111 (a) 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

UTILITY APPL ISSUE FEE 1501 1 1000 1000 

PUBL. FEE- EARLY, VOLUNTARY, OR NORMAL 1504 1 0 0 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 1000 
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ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 
Doc code: IDS PTO/SB/0Ba (01-10) 

Doc description: Information Disclosure Statement (IDS) Filed 
Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required lo respond lo a collection of information unless it contains a valid 0MB control number. 

Application Number 16252356 

Filing Date )019-01-18 

INFORMATION DISCLOSURE First Named Inventor I ~avid F _ Brueck 
STATEMENT BY APPLICANT 

Art Unit 12447 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Patel, Chirag R 

Attorney Docket Number I 066.0141X1C8 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

U.S.PATENTS I Remove I 

Examiner Cite Kind Name of Patentee or Applicant 
Pages,Columns,Lines where 

Initial* No 
Patent Number 

Code1 
Issue Date 

of cited Document 
Relevant Passages or Relevant 
Figures Appear 

1 '{577750 B2 Q009-08-18 Shen et al. 

2 p195680 B1 Roo1-02-27 Goldszmidt et al. 

3 p449719 B1 Roo2-09-10 Baker 

4 V369610 B2 R008-05-06 ><u et al. 

5 '{408984 B2 Q008-08-05 u et al. 

6 V523181 B2 R009-04-21 Swildens et al. 

7 p976090 B2 Roo5-12-13 Ben-Shaul et al. 

8 V240100 B1 Roo7-07-03 i/1/ein et al. 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 
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ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

Application Number 16252356 

Filing Date 2019-01-18 

INFORMATION DISCLOSURE First Named Inventor I David F. Brueck 
STATEMENT BY APPLICANT 

Art Unit 2447 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Patel, Chirag R. 

Attorney Docket Number 066.0141X1C8 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

9 p850965 B2 t2005-02-01 /\Hen 

10 17334044 B1 t2008-02-19 /\Hen 

11 17760801 B2 Ro10-01-20 3hanbari et al. 

12 17099954 B2 t2006-08-29 i et al. 

13 p760772 B2 t2004-07 -06 Z:ou et al. 

14 17054911 B1 R006-05-30 ango et al. 

15 17797439 B2 Ro10-09-14 8herkasova et al. 

16 17477688 B1 t2009-01-13 Z:hang et al. 

17 17054774 B2 t2006-05-30 Batterberry et al. 

18 5168356 n992-12-01 l\campora et al. 

19 17818444 B2 Ro10-10-19 Brueck et al. 

EFSWeb 2-1-17 ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R. P/ 
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\ ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

Application Number 16252356 

Filing Date 2019-01-18 

INFORMATION DISCLOSURE First Named Inventor I David F. Brueck 
STATEMENT BY APPLICANT 

Art Unit 2447 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Patel, Chirag R. 

Attorney Docket Number 066.0141X1C8 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

20 17599307 B2 t2009-10-06 Seckni et al. 

21 17093001 B2 t2006-08-15 Yang et al. 

22 6874015 B2 R00S-03-29 Kaminsky et al. 

23 6845107 B1 t2005-01-18 Kitazawa et al. 

24 6185736 B1 t2001-02-06 Ueno 

5,768,527 

25 µ1~~~~~· n998-06-16 Z:hu et al. 

26 V274740 B2 Roo7-09-25 11an Beek et al. 

27 17546355 B2 t2009-06-09 Kalnitsky 

28 17174385 B2 t2007-02-06 i 

29 V376747 B2 R008-05-20 Hartop 

30 V719985 B2 Ro10-os-1a ee et al. 

EFSWeb 2.1.17 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

fuboTV Media Inc. 
Exhibit 1002 

Page 690



ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

Application Number 16252356 

Filing Date 2019-01-18 

INFORMATION DISCLOSURE First Named Inventor I David F. Brueck 
STATEMENT BY APPLICANT 

Art Unit 2447 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Patel, Chirag R. 

Attorney Docket Number 066.0141X1C8 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

31 17349358 B2 t2008-03-25 Hennessey et al. 

32 17194549 B1 t2007-03-20 ee et al. 

33 6374289 B2 t2002-04-16 Delaney et al. 

34 17325073 B2 t2008-01-29 Shao et al. 

35 17609652 B2 t2009-10-27 Kellerer et al. 

36 6795863 B1 t2004-09-21 Doty, Jr. 

37 17817985 B2 t2010-10-19 Moon 

38 17788395 B2 t2010-08-31 Bowra et al. 

39 17536469 B2 t2009-05-19 8hou et al. 

40 17412531 B2 t2008-08-12 ango et al. 

41 17295520 B2 t2007-11-13 ee et al. 

EFSWeb 2.1.17 ALL REFERENCES CONSIDERED EXCEPT vJHERE LINED THROUGH. /C.R.P/ 
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ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

Application Number 16252356 

Filing Date 2019-01-18 

INFORMATION DISCLOSURE First Named Inventor I David F. Brueck 
STATEMENT BY APPLICANT 

Art Unit 2447 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Patel, Chirag R. 

Attorney Docket Number 066.0141X1C8 

ALL REFERENCES CONSIDERED EXCEPT 'WHERE LINED THROUGH. /C.R.P/ 

42 17054365 B2 t2006-05-30 Kim etal. 

43 0122660 t2000-09-19 Baransky et al. 

44 17391717 B2 t2008-06-24 Kiemets et al. 

45 17260640 B1 t2007-08-21 Kramer et al. 

46 17310678 B2 t2007-12-18 3unaseelan et al. 

47 0618752 B1 t2003-09-09 Moore et al. 

48 0721723 B1 t2004-04-13 3ibson et al. 

49 6859839 B1 t2005-02-22 Z:ahorjan et al. 

50 17779135 B2 t2010-08-17 Hudson et al. 

51 17593333 B2 t2009-09-22 i et al. 

52 6953506 n999-o9-14 Kalra et al. 

EFSWeb 2_1_17 ALL REFERENCES CONSIDERED EXCEPT 'WHERE LINED THROUGH. /C.R.P/ 
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ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

Application Number 16252356 

Filing Date 2019-01-18 

INFORMATION DISCLOSURE First Named Inventor I David F. Brueck 
STATEMENT BY APPLICANT 

Art Unit 2447 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Patel, Chirag R. 

Attorney Docket Number 066.0141X1C8 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

53 p091775 t2000-01-1a Hibi et al. 

54 p091777 t2000-01-1a 3uetz et al. 

55 p195680 t2001-02-27 3oldszmidt et al. 

56 6366614 t2002-04-02 Pian et al. 

57 p389473 t2002-05-14 8armel et al. 

58 p486803 B1 t2002-11-26 uby et al. 

59 p490627 t2002-12-03 Kalra et al. 

60 6510553 t2003-01-21 Hazra 

61 p574591 t2003-06-03 Kleiman et al. 

62 p604118 t2003-08-05 Klleiman et al. 

63 p731600 t2004-05-04 Patel et al. 

EFSWeb 2-1-17 ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 
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ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

Application Number 16252356 

Filing Date 2019-01-18 

INFORMATION DISCLOSURE First Named Inventor I David F. Brueck 
STATEMENT BY APPLICANT 

Art Unit 2447 
( Not for submission under 37 CFR 1.99) 

Examiner Name I Patel, Chirag R. 

Attorney Docket Number 066.0141X1C8 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

64 ~732183 t2004-05-04 3raham 

65 p968387 t2005-11-22 anphear 

66 V075986 Roo6-07-11 3irod et al. 

67 17096271 t2006-08-22 8moigui et al. 

68 V349976 t2008-03-25 31aser et al. 

69 V408984 B2 R008-08-05 u et al. 

70 ~535355 n98s-o8-13 l\m et al. 

71 8036265 B1 t2011-10-11 Reynolds et al. 

72 ~687095 n991-11-11 Haskell et al. 

73 V116894 B1 R006-10-03 8hatterton 

74 V328243 B2 R008-02-05 Yaeger et al. 

EFSWeb 2.1.17 
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enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation. 

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 

EFSWeb 2.1.17 ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /C.R.P/ 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

16/252,356 01/18/2019 

54583 7590 10/04/2019 

DISH Technologies L.L.C. 
9601 S. Meridian Blvd 
ENGLEWOOD, CO 80112 

FIRST NAMED INVENTOR 

DAVIDF. BRUECK 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONERFORPATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. 

066.0141X1C8 

CONFIRMATION NO. 

8631 

EXAMINER 

PATEL. CHIRAG R 

ART UNIT PAPER NUMBER 

2454 

MAIL DATE DELIVERY MODE 

10/04/2019 PAPER 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

PTOL-90A (Rev. 04/07) 

fuboTV Media Inc. 
Exhibit 1002 

Page 710



Corrected 
Notice of Allowability 

Application No. 
16/252,356 
Examiner 
CHIRAG R PATEL 

Applicant(s) 
BRUECK et al. 

Art Unit I AIA (FITF) Status 
2454 No 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1.~ This communication is responsive to the printer rush on. 

D A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on __ . 

2.0 An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the 
restriction requirement and election have been incorporated into this action. 

3.~ The allowed claim(s) is/are 1-9 and 31-48. As a result of the allowed claim(s), you may be eligible to benefit from the Patent 
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information 
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov. 

4.0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

Certified copies: 

a) □All b) 0 Some *c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5.0 CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of each 
sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

6.0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 

2.~ Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 6/27/19. 

5. D Examiner's Amendment/Comment 

6. D Examiner's Statement of Reasons for Allowance 

3. D Examiner's Comment Regarding Requirement for Deposit 7. □ Other __ 
of Biological Material . 

4.0 Interview Summary (PTO-413), 
Paper No./Mail Date. 

/CHIRAG R PATEL/ 
Primary Examiner, Art Unit 2454 

U.S. Patent and Trademark Office 

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20191001 
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Issue Classification 

CPC 

Symbol 

H04L mt 65 mt 
H04L rnr 47 rnr 
H04L rn 47 mt 
H04L rn i 65 mi 
G06F mr 16 rnr 
G06F mt 16 mt 
H04L rn t 29 mt 
H04N mr 7 rn 
H04N rnr 21 rnr 
H04N rn 21 mt 
H04N rn i 21 mi 
H04N mr 21 rnr 
H04L mt 65 mt 
H04L rn t 65 mt 
H04L mr 67 rn 
H04L rnr 65 rnr 
H04L rn 67 mt 
H04L rn i 67 mi 
H04N mr 21 rnr 

CPC Combination Sets 

Symbol 

Application/Control No. 

16/252,356 

Examiner 

CHIRAG R PATEL 

607 

801 

12 

4069 

71 

183 

06027 

24 

23439 

4331 

84 

8456 

80 

608 

02 

1069 

2842 

32 

2662 

1m1 1ml 

NONE 

(Assistant Examiner) 

/CHIRAG R PATEL/ 
Primary Examiner, Art Unit 2454 

(Primary Examiner) 
U.S. Patent and Trademark Office 

Page 1 of 3 

Applicant(s)/Patent Under Reexamination 

BRUECK et al. 

Art Unit 

2454 

Type Version 

F 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2019-01-01 

I 2019-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

I 2013-01-01 

Type Set Ranking Version 

Total Claims Allowed: 

(Date) 27 
01 October 2019 

O.G. Print Claim(s) O.G. Print Figure 

(Date) 1 1 

Part of Paper No.: 20191001 
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Issue Classification 

INTERNATIONAL CLASSIFICATION 

CLAIMED 

H04L 

I NON-CLAIMED 

US ORIGINAL CLASSIFICATION 

CLASS 

CROSS REFERENCES(S) 

CLASS 

NONE 

(Assistant Examiner) 

/CHIRAG R PATEL/ 
Primary Examiner, Art Unit 2454 

(Primary Examiner) 
U.S. Patent and Trademark Office 

Application/Control No. 

16/252,356 

Examiner 

CHIRAG R PATEL 

I rnJl 29 

Applicant(s)/Patent Under Reexamination 

BRUECK et al. 

Art Unit 

2454 

I rn?I 06 

SUBCLASS 

SUBCLASS (ONE SUBCLASS PER BLOCK) 

I I I I I 

Total Claims Allowed: 

(Date) 27 

01 October 2019 
O.G. Print Claim(s) O.G. Print Figure 

(Date) 1 1 

Part of Paper No.: 20191001 

Page 2 of 3 
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Issue Classification 
Application/Control No. 

16/252,356 

Examiner 

CHIRAG R PATEL 

Applicant(s)/Patent Under Reexamination 

BRUECK et al. 

Art Unit 

2454 

□ Claims renumbered in the same order as presented by applicant □ CPA ~ T.D. □ R.1.47 

CLAIMS 

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original 

1 1 10 19 28 16 37 25 46 
2 2 11 20 29 17 38 26 47 
3 3 12 21 30 18 39 27 48 
4 4 13 22 10 31 19 40 
5 5 14 23 11 32 20 41 
6 6 15 24 12 33 21 42 
7 7 16 25 13 34 22 43 
8 8 17 26 14 35 23 44 
9 9 18 27 15 36 24 45 

NONE 
Total Claims Allowed: 

(Assistant Examiner) (Date) 27 

/CHIRAG R PATEL/ 01 October 2019 
O.G. Print Claim(s) O.G. Print Figure Primary Examiner, Art Unit 2454 

(Primary Examiner) (Date) 1 1 

U.S. Patent and Trademark Office Part of Paper No.: 20191001 

Page 3 of 3 
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35 USC 119 (a-d) conditions met: 0Yes ~No 
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D Met After Allowance 
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FILING or 371(c) DATE CLASS GROUP ART UNIT 
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Filing Date 2019-01-18 

INFORMATION DISCLOSURE First Named Inventor I David F. Brueck 
STATEMENT BY APPLICANT 

Art Unit 2447 
( Not for submission under 37 CFR 1.99) 
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UNITED STATES PA TENT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PA TENTS 

APPLICATION NO. 

16/252,356 

54583 7590 

DISH Technologies L.L.C. 
9601 S. Meridian Blvd 
ENGLEWOOD, CO 80112 

ISSUE DATE 

11/05/2019 

10/16/2019 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

PATENT NO. ATTORNEY DOCKET NO. 

10469555 066.0141XlC8 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U .S.C. 154 (b) 
(application filed on or after May 29, 2000) 

CONFIRMATION NO. 

8631 

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office 
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments 
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at 
(571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

DAVID F. BRUECK, SARATOGA SPRINGS, UT; 
DISH Technologies L.L.C., Englewood, CO 
MARK B. HURST, CEDAR HILLS, UT; 
R. DREW MAJOR, OREM, UT; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
IR103 (Rev. 10/09) 
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Case 1:21-cv-00532-LPS Document 3 Filed 04/13/21 Page 1 of 1 Page!D #: 831 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

REPORT ON THE 
FILING OR DETER.MINA TION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

[n Compliance with 35 1-LS.C § 2.90 and/or 15 U.S.C. § l l 16 you are hereby advised that a court action has been 

filed in the U.S. District Court for U1e District of Delaware on the following 

D Trademarks or ~Patents. ( D the patent acllon invoives 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRlCT COURT 
4/13/2021 for the District of Delaware 

PLAfNTIFF DEFENDANT 

DISH Technologies L.L.C. and Sling TV L.L.C. lululemon athletica inc. and Curiouser Products Inc. 
(d/b/a MIRROR) 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l us 9,407,564 82 8/2/2016 DISH Technologies L.L.C. 

2 us 10,469,554 82 11/5/2019 DISH Technologies L.L.C. 

3 us 10,469,555 82 11/5/2019 DISH Technologies L.L.C. 

4 us 10,757,156 82 8/25/2020 DISH Technologies L.L.C. 

5 us 10,951,680 82 3/16/2021 DISH Technologies L.L.C. 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 

n Amendment □ Answer □ Cross Bill □ Other Pleadmg 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l 

2 

3 

4 

5 

[n the above-----entitled case, the following decision has been rendered or judgement issued: 

DECISIONiJUDGEMENT 

I C]lYj DEPUTY CLERK 

Co1Jy 1-----Upon initiation of action, mail this copy to Director Copy 3-----U11on termination of action, mail this copy to Director 
Copy 2-----Upon filing document adding patent(s), mail this copy to Director Copy 4-----Case file copy 
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Case 2:21-cv-00132-JRG-RSP Document 2 Filed 04/14/21 Page 1 of 1 Page!D #: 626 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been 

filed in the U.S. District Court Eastern District of Texas on the following 

D Trademarks or ~Patents. ( D the patent action involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
2:21-cv-00132 4/13/2021 Eastern District of Texas 

PLAINTIFF DEFENDANT 

DISH TECHNOLOGIES L.L.C. and SLING TV L.L.C. 
PELOTON INTERACTIVE, INC. 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 9,407,564 8/2/2016 DISH Technologies L.L.C. 

2 10,469,554 11/5/2019 DISH Technologies L.L.C. 

3 10,469,555 11/5/2019 DISH Technologies L.L.C. 

4 10,757,156 8/25/2020 DISH Technologies L.L.C. 

5 10,951,680 3/16/2021 DISH Technologies L.L.C. 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 

D Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 

2 

3 

4 

5 

In the above-entitled case, the following decision has been rendered or judgement issued: 

DECISION/JUDGEMENT 

I (BY) DEPUTY CLERK 

Copy I-Upon initiation of action, mail this copy to Director Copy 3-Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4-Case file copy 

fuboTV Media Inc. 
Exhibit 1002 

Page 721



Case 1:21-cv-00531-LPS Document 3 Filed 04/13/21 Page 1 of 1 Page!D #: 561 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

REPORT ON THE 
FILING OR DETER.MINA TION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

[n Compliance with 35 1-LS.C § 2.90 and/or 15 U.S.C. § l l 16 you are hereby advised that a court action has been 

filed in the U.S. District Court for U1e District of Delaware on the following 

D Trademarks or ~Patents. ( D the patent acllon invoives 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRlCT COURT 
4/13/2021 for the District of Delaware 

PLAfNTIFF DEFENDANT 

DISH Technologies L.L.C. and Sling TV L.L.C. ICON HealU1 & Fitness, Inc. 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l us 9,407,564 82 8/2/2016 DISH Technologies L.L.C. 

2 us 10,469,554 82 11/5/2019 DISH Technologies L.L.C. 

3 us 10,469,555 82 11/5/2019 DISH Technologies L.L.C. 

4 us 10,757,156 82 8/25/2020 DISH Technologies L.L.C. 

5 us 10,951,680 82 3/16/2021 DISH Technologies L.L.C. 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DATE INCLUDED INCLUDED BY 

n Amendment □ Answer □ Cross Bill □ Other Pleadmg 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l 

2 

3 

4 

5 

[n the above-----entitled case, the following decision has been rendered or judgement issued: 

DECISIONiJUDGEMENT 

I C]lYj DEPUTY CLERK 

Co1Jy 1-----Upon initiation of action, mail this copy to Director Copy 3-----U11on termination of action, mail this copy to Director 
Copy 2-----Upon filing document adding patent(s), mail this copy to Director Copy 4-----Case file copy 
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