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ON TBE REAL-TIME INSERTION OF AUXILIARY DATA PACKETS INTO A DSS
BITSTREAM IN THE PRESENCE OF MULTIPLE SERVICE CHANNELS

SUMMARY OF INVENTION

Current headend platiorms for mteractive apphcations cannot insert muxihary data
packets mto bitstreams that contmins more than one service channel. The proposed
algorithm provides thus ablity, and eddihonally, the abahity 15 provided m real time,

1TV headend platforms will be able to process bitstreams that contain more than one
service channel In the current state of the art, such bitstreams must be decomposed
before beang sent to the headend platform

ABSTRACT

Thrs paper examipes an algorithm to be used by a broadcast system to insert ewahary
data packets mto a DSS butstream that may contain multiple service channels
Speaifically, the algonthm addresses the abulity of the broadcast system to msert such
packets in a real-tume manner

INTRODUCTION

In the past year, DIRECTV™ Latin Amenca (DLA) has deployed an miemctve
televimon platform based on the OpenTV (OTV) operating system. An integral part of
this platform 1s the broadcast subsystem, winch 1s responsible for streaming OTV
apphcations to a DSS uplink system (USPS) The most basic functionality of thus
subsystem 15 to send a prepacketized (;n DSS format) OTV mux file to the USPS
However, the DLA conditional access segment mmposes another requarement on the
broadcast subsystem, namely, 10 semd amnbary data packet placeholders at the
appropnate rate along with the OTV data. These empty packets will eventually carry
control words to the subscriber’s set-top box (STB), winch allow (or 1n certman cases
disallow) them to execate the OTV apphcanon.

DLA currently has two broadcast subsystems mn operution (developed by Teleftmca
and NDS, respectively) The OpenStreamer system (developed by OpenTV) will be
deployed 1n the near future  All of theso systems have the capabhty to insert awalisry
data packets m the streams they tranamit mutomatically erther through an integrated
component (in the case of OpenStreamer) or via an external uhlity (in the case of the
other two platforms). However, they all lack the ability to work with mmx files that
contam more than one non-zero SCID’

Tins paper presents an algornithm that could be adopted by all of these platforms which
would allow them to be able to process mux files that contain many non-zero SCl1Ds.

! These systems can fimchon properly when & mx filo, In addition to the non-zero spplication SCID,
coxtuzns SCTD 0, mance this service chenmel cannot carry mxxihary dats packets.

HUGHES PROPRIETARY
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Additionally, the algorrthm 15 sufficiently efficient that the insertron may be dono m
real tme. In the sections following, the algorthm 18 discussed 1n detml An

umplementztion of the algonthm s applied to seversl tcst cases and the results are
discussed

DESCRIPTION OF THE ALGORITHM

The aforemenhoned broadcast subsystem implementations all have no 1ssue with mux
files that contmin a smgle service chennel, because, m this case, all the nformation
required to mnsert auxihary data packets (AUX packets) 18 known a priori Why this 15
0 can be scen m the following discusmon The quanhties reqmred to perform AUX
packet msertion are the bitrate of the service channel and the number of AUX packets
to msert per second. Thus, beceuse the bitrate of a mux file with a single service
channel must necessanly equal the bitrate of the mux file itself, none of the requored
purameters are unknown.

However, n the presence of multiple service channels, the previows equality no longer
holds. It could be argued that the broadcast subsystemn could be reconfigured to accept
not only the bitrate of the entire mux file, but also the bitrates of the mdividual service
channels Ths approach has two dmwbacks. Farst, it 18 up o a human operator to
ensure that not only the individual ntrates are correct, but that they also correctly add
up to the aggregate. Second, this approach does not lend itself to antomation, and m a
fiagt-paced broadcast environment, this 15 a necessity

The nigonthm presented here computes the bitrate of each mdividual service channe]
given the same information the existing broadcast systems already possess. It 13 based
on a statisbcal approach that computes the mean bitrate of a service chanmel in real
time. It 18 asserted that for sufficently large times, the mean hitrate must necessarily
convepe 1o & steady-state value Thus, after some imbal tranments at startup, the
proper itrate of each service channel will have been computed, and the correct number
of AUX packets will be 1nserted.

The table below defines the quantit:ca ased 1n the pseudo code for the algonthm.

P = total mmnber of packets encountered 1n bitsiream

P, = total number of packets encountered for SCID

b = agpregate bitrate for bitstream as specafied by user (b/s)

b, = hitrate for SCID s (b/s)

Ay wm AUX packet insertion rate for SCID s as specified by user (pkt/s)
AP, m AUX packet spacing for SCID s

The pacudo code for the algonthm follows.

while brtstream 18 playmng
read next packet
P=P+1
s = extract SCID value from packet
Py=P,+1

HUGHES PROPRIETARY
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by=b*(P, /1 P)
AP,=b,/(8*130* A)
\f P, mod AP, = ( then
insert an AUX packet on SCID 5
end of
end whle

The valves b, and AP, are the mean quantrties that change with each iteration (Le with
tme)

APPLICATION OF THE ALGORITHM

The above algonthm was implemented and applied to several sample mux files The
demo epplication reads a mngle mux file from disk snd conhnuously processes it m
much the same manner as a broadcast systera would process an mcommg bitstream.
For the purposes of this paper, the application was mmplemented 1n C++ and executed
on a workstation utlizang an Intel Pentium IIT 550 MElz processar, 128 MB RAM, and
runnmng Windows 2000 Figure 1 13 a screenshot of the spplication representing a

snapshot mn trme.
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Figurel Screesshot of the dumo spplication.

The first case considered was simply an apphcation that contained one non-zero SCID
(SCID 21) and SCID 0 The mux file contamed 1924 packets on SCID 0 and 5504
packets on SCID 21 The aggregate bitrate was set 10 be 1 Mbps ?, and an AUX
msertion rate of 10 pkt/s was requested for SCID 21 Figure 2 1s a plot of the bitrate for
each SCID versus trme  Here, time has been normahzed by the duration of the mux file

(carousel), T’

! The actor 8 * 130 11 the number of bits m a DSS packet (8 /B * 130 B/pki).
¥ In thuy comtext snd hereafter, 1 Mbyps m 1,000,000 bps. Addtronslly the definitioa 1 kbps = 1,000 bps
will be used from naw on
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Figure 2, SCID bitrate for cass L

As seen 1 the figure, the brtrate for both SCIDs reaches a steady-state value afier 20
carousels (one could argue 1t reaches thus state after 10 caronsels, but for the purposes
of thus discusmon, 20 will be usod) Note that the nowe m cach figure 1s due to
discrenzation error and 18 small enough to be 1gnored for this discusmon,
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Figure 3. AUX packet rate for ease 1

Figure 3 18 a plot of AUX packet ingerton rate for SCID 21 versus normahzed time.
Note that floating-pomt values were used for illustration only, the true value would of
course be misgral In this case, at least 24 carousels are requured to obtam a true
steady-state value However, duo to mteger truncation, 5 carousels are sufficient for 10
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AUX packets 10 be mserted per second, wrth very few traversals mto 9 pktfs
(acceptable behavior for the DLA platform)

The second case conmdered was an application that contmned two SCIDs (SCIDs 26
and 27). The mux file contamned 573 packets on SCID 26 and 3664 packets on SCID
27 The agaregate batrate was set to be 1 Mbps, and an AUX insertion rate of 10 pkt/s

was requested for both SCIDs. Figure 4 18 a plot of the bitrate for each SCID versus
time.

-y
[ =
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— 8CID 27

Bltrate (kbps)

g &8 8

02 04 oe o8 1
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Figure 4. SCID bitrate for ease 2.

As seen 1 the figure, the bitrate for both SCIDs reaches a steady state almost
immechately It 13 unclear why thus particular file exiunted such a short tranment,
However, 1t could mmply be due to the fact that there were no SCIDs 1n the file for
which AUX packets were not mserted.

Figure 5 13 a plot of AUX packet insertion mate for both SCIDs versus normalized ttme.
Agam, only one carousel 13 required to obtmin & trus steady-state value. Even though
the steady-state values reached m the floahing-pomt space 18 not exactly 10, mteger
truncation assures the sctusl rumber of AUX packets mserted per second 18 indeed 10

HUGHES PROFRIETARY
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Figore 5. AUX packet rats for case 2.
CONCLUSION

An algonthm for the real-tme msertion of AUX peckets mnto a DSS bitstream that
contams more than one service channel has been described. The algonthm was
mnplemented and apphed to two test cases, n which it was

acceptable resultsa.  Although these tests illustrate the proof of concept, it 1s
recommended that the algorthm be implemented on a production-quality broadcast
platform to truly test its performance 1 a stressful real-tme environment.
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METHOD FOR REAL-TIME INSERTION OF AUXILIARY DATA PACKETS INTO

A DSS BITSTREAM IN THE PRESENCE OF ONE OR MORE SERVICE CHANNELS

This apphcation clarms the pnonty and benefit of the U S Provisional Apphicston
Senal Number 60/308,160 filed on July 26, 2001, for “ ON THE REAL-TIME INSERTION
OF AUXILIARY DATA PACKETS INTO A DSS BITSTREAM IN THE FRESENCE OF
MULTIPLE SERVICE CHANNELS” Inventor Steven M. Soloff, the entwe contents of
which are meorporated heren by thus reference

BACKGROUND OF THE INVENTION

1 Field of the Invenhon
The mmvention generally relstes to sateflite televimon network broadcasts and more

specifically to & method and system of msertmg auxihary data packets mto a single or multi-
channel DSS bitstream 1n a real-tune mamer

2 Description of the Poor Art

In tredrtional television broadcast systems, 1t 13 often desmable to restnct the oumber of
accessible television channels to only those subscribers who actually pay for the particular
charmels. The same restnctions apply to mteractive satelhite television broadcasts. If, for
example, a subscriber does not have access to HBO, or CNN, 1t 15 desirable to insure that the
user cannot access these channels and to mfborm the user that although he or she does not
presently have access to these service channels, they can onder the channels by following
ordenng instructons. These secunty messures and the ordenng information are presented to the
user via traditional satelirte broadcasts.

The secunty measures and additional service channel mformation are broadeast in the

=4
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form of security or sxahary data packets and must be mserted mio the tradrhonal satellite
uphnk broadcasts via what 15 know 1n the art as bead-end platforms The goal 1s to prevent the
user from viewing channels that he or she has not paxd to see and to allow the user to order the
channels if he or she so desires. The user should be presented with a television screen full of
content, without "dead ime" (1.6 a blank screen), whether 1t be actual programming content, or
advertisements or mstructions prompting the user to subscribe to addibonal service channels.

The data packets are placed 1n swahary data packet placeholders, winch are nserted at
the appropnate rate into an applicahon stream 10 be mcluded m a traditonal sateilite uplink
subsystem. However, the insertion of these secunty data packets or data packet placeholders at
the eppropnate rate 1s not an easy task. The computer operator must mnsert enough data packets
mn order to msure that the user 18 not viewing a blank television screen. The operstor 1s also
limited by bandwidth constraints smce the data packets are identical and multiple mgertions are
merely 8 waste of valuable bendwidth. The rate of mserton of these data packets 15 therefore
cntical If the nsertion rate 18 too slow and not enough data packets are present 1n the satellite
hroadcast, then the end user, when he or she hunes to that specific channel, may be looking at &
blank screen, devoid of any informebon since it 15 the information contained 1n the data packets
that the user sees first. If too many data packets are mserted, 1t 18 2 waste of the bandwidth of
the trapsmission because each data packet contains essenhally the identcal information

Presently, systems eonst that have the capability to msert sccunty or mwahery data
packets or data packet placeholders nto a stream of data compnsed of one service channel that
will be part of the uplink system of a tradrtonal sateibte broadcast. In a stream compnsed of a
single service channel, this 18 not difficult since the operator need only be aware of the it mte
for the service channel and the mumnber of ewahary packets to msert per second, to denve the
insertion mate. Becanse the bit rate of a multiplexed data file having a mngle service channel
must necessanily equal the bit rate of the multiplexed file ntself, the parameters are known and
the real tyme insertion of data packets can be performed.

S5
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However, the brt rate of the data stream 18 rarely a constant. This rate may often change
as will the mumber of service channels withun the bitstream  Thesefore, a service operator
cannot set the date packet msertion rate and expect this rate to apply for all data streams.

Problems also anse when software programmess attempt to insext these data packets mto
a multiplexed data file comprised of more than one service channel! In this scenano, the
aggregate bt rate of the entire data stream 15 kmown, but the bit mte of each ndividual service
channel 1s unknown. The service operator carmot rely on s knowledge of the aggregate bit
rute for the entire data stream, since each service channel bitstream withm the total datestream
has s own bit rate

In the prior art, the only way the operator would be able to discern the number of
peckets that would comrespond to each service channel if he were to be provided with this
addironal information. Far example, 1f the operator knew that 10% of ell date packets would
go mto servico channel 1 and 25% would go 1nto service charmel 2, then the data packet
allocation could be performed. But this would requure the operator to be aware of this
aditional information. The goal 1s to achieve the result of proper data packet or data packet
placcholder insertion without the need for eny additional information. Therefore, the pror art
methods cannot apply to multiple chammel data streams.

It could be argued that the broadcast subsystem could be reconfigured to accept not only
the bt rato for the entire muitiplexed file, but also the it rates of the mdividual service
channels. Thns approach hes a momber of drawbacks. In particular, it leaves it up to a human
operator to ensure that not anly the mndividual bt rates are correct, but that they also comrectly
add up to the aggregate The chance for human enror 1s grest and increases based upon the
mumber of service channels, each having 118 own umque bit rate, within the eatire data stream.
This approach does not lend 1iself to antomanon, and 1 the fast-paced world of satellite
broadcasts, antomation 12 entical

Accordingly, what 15 needed 1n the art 1s a systemn and method designed to sutomatically
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msert suxliery head-end data packet placeholders in sngle or multiple channe] data stream
regardless of the number of service channels comprising the data styeam, for the later insertion
of data packets i conventional satellite televimon broadcasts.

It 13, therefore, to the effective resohtion of the aforementioned problems and
shortconmungs of the pnor art that the present invention 18 darected

SUMMARY OF THE INVENTION

The present mvention 15 a method for mserting damta packets or data packet
placeholders 1n a real-time manner, within a single or multiple chaymel bitstream 1n a satellite
television uphink subsystem

Qenerally, the invention 15 a method for real ttme mnsertion of auxiheary data packets
mio & smgle or multiple sexvice channel satellite talevision broadcast compnsing the steps of
reading s data bitstream having a data bitstream aggregate it rate, counting dats packets
present within the data brtstream, detenmiming winch channel the date packets are associated
with and 1dentifying the channel as an operatrve channel bitstream, counting the data packets
associated with the operative channel bitstream, determimng s channgl bit rate for the
operative channel brtstream, deternumng a duration of time that nrust elapse before the data
packet 15 mnserted n the channe] bitstream, and mserting smd data packet within sad
operative channel bitstream after smd duration of time has elapsed

In the preferred embodiment of the investion, a unique set of computer readable

mstructions 15 provided, which are stored 1n a storage medsum to provide the necessary steps
of detecting a date bitsiream and while the bitstream 1s bemng detected, the computer
mstractions steratrvely perform the following steps. detectmg 8 data bitstream having a data
butstream aggregate brt rate, the data bristresm comprimng one or more data packets,

estabhishing a bitstream data packet counter for storing values representing a number of the
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data packets encountered in the data bitstream, winle smid bitstream 18 being detected,
nerstively performing the steps of encountenng the data packet within the data brtstream,
incrementing the bitstream data packet counter; determuming which channel bitstream the
detected data packet 13 associated with and identifying sa:d channe] ay an operative channel
bitstream, 1f not already established, establighing an operative channel data packet counter for
the operative channel bitstream for storing valucs representing the number of data packets
encountered 1n the operative channel bitstream, incrementng the operative channel data
pecket counter; deterrumng 2 channel it rate for the operative channel bitstream,
deterriming & data packet spacing value for the operahve channel bitstream, and if the value
of the operatrve chanpel data packet counter 1s a multiple of the data packet spacing value for
the operative channel bitstream then inserting the data packet watlhon the operatrve channel
bitstream.

Determmng a channel bit rate for the operative channel bitstream preferably compnises
the steps of obtamung the rathio between the value representing the number of data packety
eacountered m the data butstream and the value representmg the mumber of data packety
encountered 1n the operatrve channel bitstream, and multiplymg the ratio by the data brtstream
aggregate bit mte

It 18 to be understood that both the foregomg general description and the followmg
detmied descnption are explanatory and are not restnctive of the mventon os clmmed The
accompanymng drawings, which are mcorporated 1n end constriute part of the specafication,
illustrate the preferred embodiment of the present mvenhion and together with the general
descniption, serve to explmn pnincples of the present mvention,

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a flow diagram showing the steps performed by the present
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mventon.

Figure 2 illustrates test results using the present irvention showing a plot of the bit rate
for an 1ndividual service channel versos hme.

Figure 3 1llustrates test resnits usmg the present mvention showing a plot of the mnalwsry
dsta packet inserhion rate for an mdrvidual service channel versus time.

Figure 4 1llustrates test results unng the present invention showing a plot of the bit rates
for two mdivicfual service channels versus tme.

Figure 5 1llustrates test results using the present mvention showimg a plot of the auxiliary
data packet insertion rate for two individual service channels versus ttrme.

Fagure 6 18 a computer screen showing the analyms of two independent service channels
using the present mvention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present mvention 15 & method which performs a scrnies of steps demgned to
automatically insert mpuabary data packet placeholders 1n a8 mingle or mult-channel dma
stream a3 part of a satellite broadcast uplink subsystem No edditional paremeters are needed,
other then the aggregate datastream bit rate and the data packet inserhion rate, each specified
by the operator

Referang to Figure 1, a flowchart s shown which illustrates the steps performed by the
present mvention 10 For clanfication, the term "data packet” or "packet” may also rofer to a
data packet placeholder It 15 withmn the scope of the invention to provide a method for insexting
placcholders that will evestually hold the actual moahary data packets. The actual data packets
may be mserted "upstream” at any later time m the satellite broadcast upimk subsystem.

The psewdo code requared to perform the rterahive steps illustrated 1 Figure 1 are as
follows
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while brtstresm 13 playing
read next packet
P=P+1
s = extract SCID value from packet
P,=P+1
b,=b* (F/F)
AP, =b/(B*130*A)
if P,mod AP,= 0 then
Insert an mpahary data packet on SCID 5
end 1f
end while

where
SCID, = & specific service chennel (5) within the entre data hitstream
P = tota] pumber of data packets encountered m data hitstream
P, = total number of data packets encountered for SCID s

b= agpregate brt rate for data bitstream (known by operator, m bits/second)
b, = bt rate for SCID, (bria/second)
A, = data packet msertion rate for SCID, (known by operstar, m packets/second)

AP, ~ data packet spacing for SCID,

Refemng now to Figure 1, the first step of the process 1s to detect a deta bitstream, siep
20, and to count each date packet within a given data stream.  Computer software mstructions
detect the presence of a data packet within the data stream, via step 30 Upon detection of the
data packet, a counter 1s estabhshed, step 40, and advamced, step 50, thercby ancrementing the
counter and stormg a current value representing the mmber of data packets encountered m smd
data bytstream. The hine of code accomphshmg this step s P=P + 1

Once a packet hus been detecied, 1t must then be determmed which service channel the
daia packet belongs to. This 13 accomphshed via step 60, by deterrmmng the 1dentity, s, of the
detected packet. Each data packet contams, usmlly m ity header, the identity of the SCID
(service chanmel) 10 which it belongs. Because the packets are sermhzed, 1e. they cach are
presented in the data bitstream one at a time, each packet 13 read and rts channel sdentified The
varble 5 represents the SCID or channel corresponding to the detected data packet This
charme] 15 1dentified as the operative channel. A scparste counter 18 establhished, step 70 and
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mcremented, via step 80  This keeps track of the nismber of packets for each operative channel.
Thas 18 sccomphshed via step according to hne 3 of the psendocade above, P, =P, + 1

Because the aggregate bit rate for the entire deta bristream 15 known to the user, as well
as the mtio of indrvidoal packets for a given chanmel to the number of overall packets for the
entire bitsiream, it becomes a strmghtforward calculahon to obtain the bt mate for each
mnthvidual channel. This 15 accomphshed at step 90, where the bt rate for channel 5 13
determned. Determuming the bit mte for service chammel 3 1s accomphshed by multiplymg the
sggregate bt rate for the entire datastream b, (a known quantity) by the ratio of data packets for
channc! 5 and tota) data packets for the enhre hatstream, P/P The equation for this 1s shown in
the pseudocode above, b, =b* (P/P)

The next step 1n the process 15 to determine the spacing between packet insertions, for
the mdividoal channel, ¢, Le how many data bits must go by before a data packet 18 to be
msaerted mio the bitstream  Tins 18 calculated from several known parameters, namely the bit
rate of charme] s (calculated shove), the data packet msertion rate, as specafied by the user (for
example, 10 packets/second) and the mmmber of brts 1n a typical packet For example, there may
be 130 Bytes per data packet. At 8 bits per Byte, there would be 1,040 bits per data packet.
From thus data, the packet spacing for a given channel 5 can be detenmined, wia step 100,
accordmg 1o AP, = b/(8*130*A).

Once 1t has been determuncd how many data bits must go by before a data packet 15 to be
inserted 1nto the bitsream, it 15 a aunple calculshon to determme exactly when the data packet
insertion must occur  The pseudocode,

1f P, mod AP,=0 then

nsert an awabary data packet on SCID s
end if

determunes if the current value of the operative channels data packet counter (P,)) 18 a multrple
of the data packet spacing value for the operative channel brtstream (AP,) The step, P, mod

¢l
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AP,= 0, 13 s modulo divinion mstruchon. If the result of the modulo dvismion mstructions results
m & “0" remmnder, then there 13 an msextion of the data packet within the operative chamme)
batstream (s), via step 110

It must then be determmed if any more data packets are m the brtstream, via step 120
If more data packets are detected n the data bitstream, the remitve process 19 repeated,
beginning with the detecting of data peckets within the stream, step 30 through the
determmation 1f there ere any addrtional packets in the data bristream, step 120 The entire
process 1s repeated until no more data packets have been detected. It 15 evident from the
mvenhve process that the bit rate of each sexvice channel b, and the spacing between each data
pecket meestion AP, are mean quantities that change aver tme with each iteration.

Refemnng to Figure 2, a computer screen 18 shown illustrating the testing of a data
butstresn baving two scparate channels, wdentified s SCID 26 and SCID 27, unhzing the
present mvention, In the test screen of Figure 2, each service channel 18 1dentified, as well as it
comresponding bit rate (number of packets for each SCID) snd swraliary packet msertion rate

The applicabion illustrated m Figure 2 was performed on a computer with an Intel
Pentrvm III 550 MHz processor, having 128 MB of RAM and nmmng Windows 2000 The
apphcation was unplemented m C++ It 15 withm the scope of the present wvenhion to
mmplement the method and elgonthm in sny compahble computer langunge together with
compatrble hardware.

Figare 2 shows & snapehot 10 ttme of the inearporation of the present mvention 1 a
rmiltiple channel data stream  The test demonstration spplication illustrated here reads a single
mnxx file, contsmng two service channel streams, from a data storage medium, such as a disk,
and contimiously processes 1t m much the same marmer ag & broadcast system would process an
mcorung data bitstream

Figure 3, shows a test case using the present mventon where an application comamed
one nop-zero SCID (SCID 21) and SCID 0 The mux fje contmned 1924 packets on SCID 0
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and 5504 packets on SCID 21 The aggregate bit rate was set to 1 Mbps and an auxiliary
msertion rate of 10 packets/second was chosen for SCID 21  Figure 3 represents a plot of the
brt rate for each chamme! (SCID) versus tme. Time has been normalized by the duation of the
mux file, called a carousel, and represented by T°  The it rate for SCID 0 appears to be
epproxmmately 725 kbits per second whle the it rate for SCID appears to be approximately 275
kbats per second The bat rate for each SCID reaches a steady-state vatoe between approxamately
10 snd 20 carousels, or 0 5 to 1 second, a relatrvely shost ime peniod.

Figure 4 plots the awchary data packet mserbon rate of SCID 21 versus normahized
fme, unng the algonthm of the present wventon. Flosting-pount values were vsed for
lustrghive purposes. In Figure 4, 1t can be scen thet spprocamately 24 carousels were requared
to obtmun a truc steady-state value However, due to mnteger truncation, five (5) carousels were
sufficient for tea (10) data packets to be mnserted per second, with virtually no traversal into the
9-packes per sccond range.

Figure 5 1llustrates a second test case for an application contemmng two SCIDs, SCID 26
and SCID 27, uthzing the present mnvenhon. The mux file contmned 1573 packets on SCID 26
and 3664 packets on SCID 27 The aggregate bit rate was set s 1 Mbps and an enxihary packet

msertion rate was set at 10 packets per second for each SCID  Figure 5 represents a plot of the
bt rate for each SCID versus tune.

As seen 1 Figure §, the bit mate for each SCID reaches a stcady state almost
mmechately There is virtually no deviation 1 at rate afier ¢ 02 carousels, certmnly after )
carousel, with SCID 26 at approxamately 700 kbps end SCID 27 at 300 kbps.

Figwe 6 13 a plot of the awuhary dain packet meertion rate for each SCID versus
nomahzed tme. Agamn, only one carousel 1s required to obtam a true steady-state value.

The method of the present mventuon allows the automeated and real-tme mserhon of
data packet pleccholders or the data packets thesmselves 1n the head-end portion of a satelite
television broadeast uphink subsystermn  The pseudocode indicated above 15 not the only method

10
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of performung the steps outhined 1n the claims, and comparable vanstons would also provide
the same results The implementation of the slgonthm of the present mvention provides an
actual function, 1¢ the automated wsertion of date packets into a data bristream, regardless of
the number of individuel service channels and wathout prior knowiedge of the service channel
bt rates.

The wstart mvention has been shown and descnbed herein mn what 1s considered to be
the most practical and preferred embodment. It 1s recogmzed, however, that departures may
be made therefrom within the scope of the invention and that obvicus modifications will
occur to a person skalled in the art.

11
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What Is Clarmed Is

1 A method for real time insertion of mpaliary data packets mto a single or
multyple service channel broadcast compnsing the steps of

reading a data bitstream having a data bitstresm aggregate bt rate,

counting dats packets present withun saud data bitstream,

determiming which channel said data packets are associated with and identifying smd
channel es an operstive channel bitstream,

counting smuud datr packets associated with sasd operanive chamnmel bitstream,

deterrmning a channel bit rate for said operative channel bitstream,

determimng a durahion of tme that must elapse by before saud data packet 1s mserted
m said chanoel bristream, and

mserting said data packet within said operative channel itatream after sard dureion
of tme has elapsed

2 A method for real time msertion of auxihary dain packets into a single or
multiple service chamne) satellite television broadcast compninng the steps of
detecting a data biistream having a dats brtstream aggregate bit rate, smd data
bitstream compnising one or more data packets,
establishing a batstream data packet counter for stonng values representing a number
of said data packets encountered 1n said data bitstream,
while said bitstream 1s being detected, iterstively performing the following steps (a)-
®)
() encountenng smd date packet within smd data bitstream,
(b) incremenhing saxd bitstream data packet counter; (©)
determuming winch channel bitstream the detected data packet 15 associnted with and

12
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identifying saxd channel as an operative channel bristream,

(d  if pot already estabhshed, estabhishong sm operative channel data packet
counter for said operahive channel bitstreem for stonng values representing a number of sad
deta packets encountered m smd operative channel bitstream,

(¢) mcrementing smd operstive channel data packet counter;

® determimng a channel bit rate for smid operative channel brtstream,

(g) determuning a data packet spacing value for smd operative channel
bitstream, and

(h) 1if the value of smd operative channel data packet counter 18 a multiple

of sd data packet spacing value for said operative channel bitstream then inserting said data
packet within smid operative charmel bitstream.

3 The method of claim 2 wherein said step of determuning a channel bit rate for
said operative channel bitstream compnses the steps of obtaining the ratto between sasd value
represonting the numbes of saxd data packets encountered i said deta bitstream and said
value representing the number of said data packets encountered 1n said operative channel
brtstream, and multiplymg said rato by said data bitstream aggregate bit rate.

4 The method of claim 1 wheremn sad data bristream ts compnsed of video
and/or audio television mignals.

5 The method of claim 1 wherein smd data packets are data packet placeholders
which receave actual data packets ai a later ime.

6 A computer program stored 1In & computer readsble medium, embodying
instructions 1o perform real time wsertion of suxihary data packets into a single or multiple

13
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service channel satellite television broadcast, the mstructions comprising the steps of
detecting a data bitstream having a data bitstream aggregate bit rate, said data
bitstream compnsing one or more data packets,
establishing a bitgtream data packet counter for stonng valves representing a mumber
of sid data packets encountered 1n said data bristream,
while said bitstreamn 18 being detected, iteratrvely performmg the following steps (a)-
)
(8)  encountenng smid data packet within said data hitstream,
(b) ncrementing said bitstream data packet counter; (©
determuming winch channel bitstream the detected data packet 13 assocated with and
Kdentifying said channel as an operative channel bitstream;

(d  1f not already established, estabhishmg an operative channel date packet
counter for smd operative channel bitstream for storng values representing a mumber of smd
data packets encountered 1n smd operative channel btstream,

(¢) mcremenhng sad operatrve channel data packet counter;

(f) determming a channel it rate for said operatrve chamnel bitstream,

(2) determining a data packet spscing value for smd operative channel
batstream, and

(h)  iof the value of said operative channel data packet connter 13 a mulaple
of saxd data packet spacing value for said operative channel bistream then inserting said data
packet within said operative channel bitstream.

7 The computer program of claun 6 wheremn said step of determinmg a channel
it rate for said operative channel bitstream compnses the steps of obtaiung the ratio between
sard value representing the oumber of said data packets encountered 1n smd data bitstream
and smd value representing the number of said data packets encountered in sa1d operative

14
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channe] bitstream, and multiplying smd ratio by smd data bitstream aggregate bat rate

8 The computer program of clain 6 wherein smd data bitstream 18 compnsed of
video and/or andio television smignals.

9 The computer program of claim 6 wherein saxd data packets are data pacloet
placeholders which recerve actual data packets at a later tme.
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ABSTRACT OF THE DISCLOSURE

An eppamtus snd method that allows for the sutomatic, real-ttme insertion of
awaliary data packets mto a single or mult-channel bitstream i a satellite televimon
broadcast system Computer readable mstruchions stored 1 a storage medium provides
ferative steps necessary to detect the presence of a dats packet withun the data bitstream,
establish a bitstream data packet counter for stoning values representing the number of the
data packets encountered 1n the data bitstream, set tho bitstream data packet counter to an
mhal value, increment the bitstream data packet counter, determine winch channel bitstream
the detected data packet 15 associated with and 1dentify the channel as an operstive channel
ntstream, establish an operative channel data packet counter for the operative channel
bitstream for stoning values representing the number of the data packets encountered 1n the
operative channe] brtstream, st the operative charme] data packet counter to an imtial value,
increment the operative channel data packet counter, determune a channel bit rate for the
operative channel bitstream, determine a data packet spacing value for the operative chammel
batstrearn, and if the value of the operative channel data packet counter 15 a muluple of the
data packet spacing value for the operative channel bitstream then insert the data packet
within the operative channel bitstream

Ir\1PIPI\PATEN\J00PF 001

16



TOLZ0TT" 6060007

Customer No. 020061
Hl 1wl _r |
VENED
CONBINED DECLARATION FOR PATENT APPLICATION
AND POWER OF ATTORNEY

Page 1 of 2
viginal

i

As a balow named inventor | heraby declare that

My residence, post offica addresa and cliixrenship are as statnd below naxt {o my name.
| belleve | am the original first and sole inventor (if only one name s tisted below) or an original first and jofnt
Inventtor (if plural nemes are listad below) of the subject matter which Is claimed and for which a patent is sought

on the invention entiled METHOD FOR REAL-TIME INSERTION OF AUXILIARY DATA PACKETS INTO A
D38 BITSTREAM IN THE PRESENCE OF ONE OR MORE SERVICE CHANNELS the specificafion of which

(check ons) Xl is attached hereto and which claims benefit of U.S. provisional patent
application with Serial No. 80/308,180 (PD-201480) filed on July 28, 2001
(] was fllad on as Application Seiial No

§ heraby state that | have reviewed and understand the contents of the ebove identified specification Including
the claims, as amended by an amendment refemad o above

| acknowledge the duly fo disclose to the United States Patent and Trademark Office all information imown o
me o be material to patentabiity as definad In Title 37 Codea of Federal Regulations, §1 56

} hareby claim foreign priorily bensfits under Tite 35, Unliad Staies Coda, §119 of any foreign application(s) for
patent or nventor's cerfificate fsted balow end have also kisntifiad balow any foreign application for patent or
Invantor's certificats having a filing dats before that of the applcation on which priorily Is claimed:

Prior Foreign Application(s)

Priority Claimed
Oyves ONo

Number Counlry Dey/Month/Year Flled

application(s) (isted balkow and Insofar as the subjact matter of each of tha cleims of this application s not
disciosed In the prior Unitad Siates appiication in the manner provided by the first paragraph of Title 35, Unitad
States Code §112 | acknowledge tha duty to disciose to the United Staies Patant and Trademark Ofice afl
information known o me to be matarial to patsniablily as definad in Tile 37, Code of Federal Regulstions,
§1 56 which became avallable between the filng dale
international flling date of this application.

s, game e

1 hereby claim priority benefite under Title 35, United States Code §11%(e) of any provisional application{s) for
patants listad below

60/308,160 J 2001
Appliostion Berlal No. %'— %

(puinnind, pending, chandonad

i
|
|
s

13885 CO (758)



FOLOTT™ ﬁﬂﬁgﬂﬂ'l-'

DECLARATION

Pege 2
PD-20110GA

I hereby appoint the following altormnsys, or agent and attomeys, to prosacute this application and to transact al
business In the Petent and Trademark Office connactad therewitir

Vieyalkshml D Durasswamy,  Reghstration No. 31,505
Michasl W Sales, Registration No 30,213

Address all inlephone calle to  Michsel W Sales, (310) 652-9016

Address all comespondence to Customer Number 020891 (Hughes Electronica Corporation, Patent Docket
Adminktration, Bldg 001, WS A108, PO Box 858, El Segundo, Califomnla 90245-0956)

1 hereby declare that all statement made herein of my own knowladge ere true and that all statements made on
informetion and ballsf are believed fo be frue; and further that these stutemeants were mede with the inowiedge
that wiliful false statements and the ke so made are punishable by fine or mprisonment, or both undar Saction
1001 of Title 18 of the Unlied States Code and that such false statements may jeopardize the vaidity of the
application or any patent Issued therson

REBIDENGE (CITY AND GTATE)
8715 NW 47 LANE, TAMARAC, FLORDIA 33319 USA

STEVENM SOLOFF '@?@ !T? hj200)

POBY OFFICE ADDRESS
57156 NW 47 LANE, TAMARAC, FLORDIA 33319

"FULL NAME OF BOLE OR JOINT INVENTOR | INVENTOR'G GIGNATURE !mt'rs
REGIDENCE (CITY AND GTATE)

USA

TE———
POBT OFFICE ADDRESS

FULL NAME OF JOINT INVENTOR IGNATURE !DATE
STATE)

USA

FULL NAME OF INVENTOR INVE SIGNATURE ! DATE
AND STA

USA
| POBT OFFICE ADDRESS

FULL NAME OF OR JOINT INVENTOR INVENTOR'S BIGNATURE DATE
[ REBIDENCE (CITY AND STATE) ETEAF

13855 CO (TAY)

y

2\



FOLOTT" &ﬂﬁgﬂﬂt

READ DATA BITSTREAM 20

l

DETECT DATA PACKET
] WITHIN DATA BITSTREAM Y7

DATA PACKET COUNTER

ESTABLISH BITSTREAM 70

1

UPDATE COUNTER 50

1

DETERMINE WHICH CHANNEL DATA

PACKET IS ASSCOIATED WITH é&¢

!

ESTABLISH CHANNEL PACKET COUNTER

70

.

UPDATE CHANNEL PACKET COUNTER

&0

i

DETERMINE CHANNEL BITRATE 92

l

DETERMINE SPACING VALUE FOR EACH
PACKET INSERTION WITHIN CHANNEL

700

l

INSERT PACKET IN CHANNEL ,/,

AT PROPER LOCATION

Fig. 1

FINISH

32



TOLOFE® &068001‘

Command_Prompt—Debug\InsertMultiux exe HauBank2 mux 1000000 26 10 27 10 | ]

SCID 0% 100% Bitrate (packets) Auxrate (packefis) |4
27 ——— 699 kivs (20352) 10 pkt/s (303)
<
Fig. 2



N EEEEE

(sdqy) eymiyg

Fig 3

T

i0oNr790%9.110701

Fig 4



FOLOTTE" EEE,DDD'I-'

+-

02

04

06
tiT™

Fig §

104

10.35
__ 103
3 1025
8 102
£ 1015
101
1005

AUX Ra

10
295 -

89




APOSTILLE
(Convention de La Haye du 5 octobre 1961)

1 Country United States of America

This public document
2 has been signed by M Tarver

3 acting n the capacity of Certifying Officer

4 bears the seal/stamp of Patent and Trademark Office

Certified

S at Washington, DC

6 the eghteenth of July, 2002

7 by Assistant Authentication Officer, Umted States Department of State

8 No 02020879-2

9 Seal/Stamp 10 Signature

SonyaN Jo U




UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

o
July 08, 2002

THIS IS TO CERTIFY THAT ANNEXED IS A TRUE COPY FROM THE
RECORDS OF THIS OFFICE OF A DOCUMENT RECORDED ON
NOVEMBER 7, 2001

By Authority of the
COMMISSIONER OF PATENTS AND TRADEMARKS

M Tamer”

M. TARVER




B 12-18-2001 m
vl R

PD-201180A
1‘.hmwmdm‘h.ﬂ Il.lnwj'mg-u--m nal doamens or tharpof
1 Name of conveying party(ies) 2 Nmmd.ddrundnu—lvlmmh Y]
STEVEN M. 30OLOFF

Nsme: HUGHES ELECTRONICS CORPORATION

Intarnal Address Buig. 001 WA AIDE E,‘
PO Box 954 =

Additional Nama(s) of conveying parny(ies) attached?
200 N Sepuiveda Biwd

yeo O no M
3 Natre of Corveyance Strest Address
PO Box 958
B Assignment O Memger El Sagundo, Calfumia 00245
1 Becurlty Agresrmant O Change of Nema
D Other
Executon Date _October 11, 2001 Addiional rama(s) & address(es) stinchews? D yas Bino

4 Applicailon number(s) or patent numbar(s) PD-201180A

If this documnent is being ed togethar with 8 new spplication s axacution deta of tha applicafion . October 11 2001

B Patant No (s) MA)O ?‘f&?

Additional numbers stinched? [ yes W no

A Patent Appilcation Na (s)

6 Nama and address Of party to whom Coraspondence

8 Tols) number of appiicgiiona and patents involved [ 11
concaming document should be mafled —
7 Total we (37 CFR 3.41) $40 00
Name HUGHES ELECTRONICS CORPORATION
Intarnsl Address: Bidg. D01 WS A100 O Enciosed
PO Bax §56 @ Authorixed o be charged to depoaft sccount
200 N. Sepuiveda Bivd, ——
El Segunda CA 4. Depoalt sccount number
ARNEEDL O0SORCEE 00311  1009TRN 5 83
4 K3 o080
{Anached dupliesia copy of this page ¥ paying by eposh accoun®)
0O NOT UGE THIS SPACE

[® Statsment and signeture

To the bast of my knowlodga and belsl the loregaing information iz true and correct snd any afteched topy is a ine
copy of he onigina! doczwnent

MICHAEL W SALES
Name of Person Blgﬁﬁn

REG NO 30,213 November

Tolal number of cover ond documents. [ 3

OME No 08810517 (exp &7317200T)

PATENT
REEL 012363 FRAME 0357



ASSIGNMENT H“GHES

Page 10f2

PD-201180A

WHEREAS | es below named sola invenior (if only one name | Fsted below) or joint inventor (if phiral names
are listed below) of tha city and state s stated beiow naxt o my nama have invenisd s{sn} METHOD FOR
REAL-TIME INSERTION OF AUXILIARY DATA PACKETS INTO A DB8 RITETREAM IN THE PRESENCE
OF ONE OR MORE SERVICE CHANNELS for which application for Letters Patent of the Unitad States hos
been executed by me on thia day or (i the following is complatad) filed on =8 9arin No
__. ind which appliostion claima benefit of U8 provisional sppiloation with
Serini No 80/308,160 (PD-201140) fliad on July 28, 2001, entitiedt ON THE REAL-TIME INSERTION OF

AUXILIARY DATA PACKETS INTO A D88 BITESTREAM IN THE PRESENCE OF MULTIPLE SERVICE
CHANNELS

WHEREAS HUGHES ELECTRONICS CORPORATION (hereinafer referred to as HUGHES) a Delwware
Corporation having s principal plece of business in El Segundo Cafiomia Is dasirous of acquiring the entire

and axciusive right, tita and interest in to and under aalt invention sald spplication and any and all Leitars
Patent that may ba granted tharefor in the Unitad Stalas and throughout the world

NOW THEREFORE in conskismtion of the abligations voluntarly assumed by me and set forth In an Invention
sgresment betwesn me and my amploysr effective the dete as stated below next to my name and other good
and valusble consideration recelpt of which Is hereby acknowledged 1 do hereby sell assign and transfer to
HUGHES Nhs successcrs Bssigns or other lesl rapresanistives the antire and axciusive right, title and interest
in and to sakd invention inventad by ma to said application and any and all applications which are continuations,
continuations-in- part, divisions or substitutas of ssid application and any and st Latters Patant that may be
granted tharefor m the United Stetea and throughout the world on any of sald applications and to any and all
resmxamingtions relssuss renawals or extenalons af sald Letters Patent In the Unlted States and throughout the
world for the Rt term or larmas for which ssid Lefters palsmt may bs graniad in the Uinltad Biates and throughout
the world suthorize and request Tha Commissioner of Patents and Trademarks of tha United States and afl
foreign countries to lesue afl such Letters Patant {o seid HUGHES ils successors, assigne or other legel
reprasantatives, covenant that no asaignmant, sale agreement, transtar or encumbrance has basn or wik be
made or eniered Into which would conflict with this assignment sale and tranafer and sgrea to communicata o
HUGHES s succeascra assigns or other legal represantatives upon request and st ho coat or expanss to me
any facts known by me raspecting sald invention do ali lawful acts, ncluding tha execution snd delivery of afl
papers and proper catha snd giving of testimony that is deemed necesssry or desirable by HUGHES hs
SUCCEESOre Susigna or other legal reprasentatives with regard to sald invanton for protecting obtalning
maintaining and enforcing any and all of sald Letters Patent In the Unitad States end throughout the world for
said invention and for perfecting afrming recording and maintsining the tite of HUGHES hs succsssors,
aspigns or othar legal representatives and generally cooperats to tha fullest axtent in all matters pertaining to

said invention and eny and ol of sakd Letters Patant and the tide thereto in HUGHES, Ita succesaors, sssigns
or cther legs! representatives.

12880 CO (7N
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ASBIGNMENT
Page 2 of2
PD-201180A
INWITNESS WHEREOF | have sxacuted this Instrumant,
m INVENTORS DATE
STEVEN M SOLOFF <t S J- ! 1) 1) 421-, ;
PEBIDENGH (CITY AND BTATE)
718 NW 47 LANE, TAMARAC, FLORDIA 33318 JUNE 7, 19990
"FULL NABE OF S8OLE OR JOINT INVENTOR | INVENTOR'S BIGNATURE I oTE
"RESIDENCE (CITY AND GTATE) INVENTION AGREEMENT DATE
FULL MAME OF OR JOINT NV TVERTORE TR "DATE
TDENCE ANO 8TA WF'LWTM
"FULL NAME OF BOLE OR JOINT INVENTOR | INVVENTOR @ SIGNATURE FGATE
ﬁu_ﬂu (CITY AND STATE) DA

8TATE OF d /a& o4 )
) 88
county or L e/t £ D )
On 74 sabocootorame /Tnin Lpus g Ealle —
2004

# Notsry Public in and for sald Stats, personally appeared
STevey /. Sole FFE
h{mn

ally known to ma or D proved to me on the basis of satisfaciory evidence to ba the person{s} whoss
name{s} la/are subscribed 1o the within Instrument acknowiadged to ma that hafsha/they sxecutad the same
In laheritheir suthorized capecity(ies) and that r algnature(s) on the Instrument tha person(s) or
the sniity upon behatf of which the parson(s) scted, sxecuted the |

netrurnant -
P
WITNESS mny hand and official seal /— / .
, _..:.T-:_ ‘.'_-' . J -

) e

otary Public —
—e

(R oo
\.J “mmn.n
2. ey Buvvee & T
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APOSTILLA
(Convencién de ia Haya del § de Octubre de 1861)
Pals Estados Unidos de Amenca
Este documento pdblico
Ha sido firmado por M Tarver
Actuando en su capacidad de Oficial Certificador
Coloca el selio/estampilla de Oficina de Patentes y Marcas
CERTIFICADO
En Washintong, DC
El declocho de Julio, 2002
Por Oficial Asistente de Autenticacién, Departamento de Estado de Estados
Unidos
No 02020879 2
Sello/estampilla 10 Firma
Sello Sonya N Johnson
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LOS ESTADOS UNIDOS DE AMERICA

A TODOS A QUIENES ESTE DOCUMENTO PUEDA IMPORTAR
DEPARTAMENTO DE COMERCIO DE ESTADOS UNIDOS

Oficina de Patentes y Marcas de los Estados Unidos

Juho 08,2002

LO SIGUIENTE ES PARA CERTIFICAR QUE LO ANEXADO ES UNA COPIA
VERDADERA DE LOS ARCHIVOS DE ESTA OFICINA DE UN DOCUMENTO
INSCRITO EN

NOVIEMBRE 7,2001

Por la Autoridad del

COMISION DE PATENTES Y MARCAS
M TARVER

Oficial Certificador



Industria y Comercio

SUPERINTENDENCIA

1° EXAMEN DE FORMA, PATENTE DE INVENCION

Radicacién N°  02-64854 —Felio B2~

Concepto Técnico N* 683
Clasificaclén Internacional de Patentes HO4L 12/00, HO4N 7/81

Practicado el examen de acuerdo a lo establecido en el Art 38 de la Decision 486,
se determind que esta solicitud de Patente

Sl [/]/ NOJ ] Contiene un resumen de la invencion (Art 26-e)
Sl [V]’ NOJ[ ] Contiene el titulo o nombre de la invencién (Art 27-d)
Sl [Vr NOJ[ 1 Contiene la descripcion de la invencion (Art 26-b)

SII NO[ ]  NO ES APLICABLE [ ] Contene los dibupos necesanos para
comprender la invencién (Art 26-d)

Si [Vf NO[ ] Contiene una o mas remvindicaciones (Art 26-c)

SI[ INOJ[ ] NO ES APLICABLE [w]’ Han sido desarmollados los productos a
partr de recursos genéticos o de sus productos denvados de los

que cualquiera de los Paises Miembros es pals de origen {(Art
26-h)

SI[ ] NOT ] NO ES APLICABLE [/f Los productos y o procedimientos han
sido obtenidos o desamollados a partir a partir de los
conocimientos tradicionales de las comunidades indigenas, afro
americanas, o locales de los Palses Miembros, de acuerdo a lo
establecido en la Decision 381 y sus modfficaciones y
reglamentaciones vigentes (Art 26-1)

SI[ ] NO [Vf La invencién se refiere a un producto relativo a un matenal
biolégico (Art 26-))

Sl [r/]/ NOI ] NO ES APLICABLE [ ] La pnondad coincide con la matena
relvindicada

Si [¢( NOI[ | CUMPLE LOS REQUISITOS TECNICOS

OBSERVACIONES Y OTROS SI[ ] NO[ ] Ver hoja(s) anexa(s)

EXAMINADOR TECNICO 202051
Bogota D C, mayo 2 de 2003



Industria y Comercio

SUPERINTENDENCIA

—Foto®E

2020
Bogoté DC

Doctor(a)
JERONIMO CASTILLO BONILLA
Apoderado(a)

REFERENCIA. Radicacién No 02-84854

Tramite 002
Evento 001
Actuacién 418
Oficio No 697
Follos 001

Tenlendo en cuenta que la soliciud de lo el
expediente indicado en la referencia, redne los requisitos de forma establecidos en los
articulos 26 y 27 de la Decision 486 de la Comisién de la Comunidad Andina, y en las
demés disposiciones vigentes sobre la materia, se envia el extracto de la solictud a la
Oficna de Comunicaciones para efecto de su publicacién en la Gaceta de Propledad
Industrial, conforme lo establece e articulo 40 de la misma Declsién

De acuerdo con lo previsto por el articulo 40 de la Decisién 488, en concordancia con el
articulo 85 de Ia misma Decision, la publicacién se hard a partir del dia 28 de jullo de
2003.

Cdimplase crrn
MBIIMDC. -hq ’ yn lrf

ALIX ENZA CESPEDES DE VERGEL
Jefe d¢da Division de Nuevas Creaciones

202051

Y



