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5,233,654. The system 10 deAdN INFERACTRVE TY4SKHNAL: i ncl udes a receiver
having a conputer with sufficient storage to store interactive prograns,

al beit that provision is, nade to alter the prograns with transmtted data.
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interface of non- interact % ogram conponent s wh ow interactive
progr am computer wit icient storage Yo store interactive programs,

albeit that provision is made to alter the programs with

transmitted data. In order to make interactive TV less costly and

therefore more attractive to consumer acceptance, it is desirable |

15 to keep memory in the receiver to a minimum. This may be

| achieved by regularly transmitting executable code for the
desired applications, rather than requiring that the applications be
continuously stored in the receiver. In effect the transmission
media is utilized as a mass storage device.

20 In the course of simplifying the receiver and
consequently the interactive programs, it becomes necessary to
transmit ancillary signals or programs to -initiate certain functions
at predetermined instances, such as at the interface of non-
interactive program components which follow interactive program

25 components. For ex‘ample to suspend an interactive program
during a non-interactive commercial.

" The present invention is directed toward apparatus
and a method for formatting executable codes and data, defining
interactive applications, with video and audio program material,

30 for reliable and convenient transmission. The apparatus includes
compressed audio and compressed video transport packets
sources. A computer generates an interactive program associated
with the compressed audio and video signals, the interactive
program being formed of different modules, respective modules

35 including executable codes or data, and including a directory
module linking application modules. A transport processor
apparatus is provided for packeting modules into transport
packets and grouping transport packets from respective modules
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10 repeatedly included- with the compressed audio and compressed
video signals. The method includes forming transport packets of
compressed audio signal with respective packets including a
payload of audio signal data and an identifier SCID,; for
identifying the transport packet as containing audio component
15 data. Transport packets of compressed video signal are formed
with respective packets including a payload of video data and an
identifier SCIDy; for identifying the transport packet as containing
video component data. An interactive application associated with
the audio or video components is formed. The interactive
20 application is segmented into modules similar to computer files,
respective modules containing executable codes or application
data. Respective modules are divided into one or more
transmission units including integer numbers of transport packets,
~each transport packet including an identifier SCIDp; for identifying
25 the transport packet as containing interactive component data A
further transport packet is generated for respective transmission
units, the further transport packet including transmission unit
‘header information describing the information contained in the
respective transmission unit. And, the audio and video component
30 packets are time division multiplexed with interactive component
packets, said interactive component packets being in transmission
unit sequence with respective transmission units headed by said
further transport packet.

35 BRIEF DESCRIPTION OF THE DRAWINGS
- A detailed description of the invention is provided
below with reference to the drawings wherein:



different identifier codes SCIDD to respective interactive program
transport packets. A nultiplexer time division nmultiplexes the intéFactive
.programtransport packets with the audi o_grld vi deo transport packets, in
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descri bi ng tdfed i tained in the
. FIGURE 7 is a pictorial diagram showing the modular

- composition of an interactive application;

15 FIGURES 8 and 9 are signal waveforms representing
alternative timing sequences for controlling time division
multiplexing of A/V and module packets;

FIGURE 10 is a pictorial diagram of alternative
sequences of time division multiplexed A/V and module packets;
.20 FIGURES 11, 12 and 13 are pictorial diagrams of
aspects of transport packets;
FIGURE 14 is a block diagram of representative
apparatus for generating code/data transport packets; and
FIGURES 15, 16 and 17 are flow charts illustrating the

25 process of forming transmission units and transport packets for

respective modaules. '

The invention will be described in the environment of
- a compressed digital transmission system, as for example a direct

30 ©broadcast satellite system. It will be presumed that a single
satellite transponder will have sufficient bandwi_dth to
accommodate a plurality of respective TV programs. The
respective TV programs are temporally compressed and time
division multiplexed' onto the single transponder.

35 Referring to FIGURE 1, a packet multiplexer 16
provides, at its output port, an audio-video-interactive (AVI)
program. Similar such devices 26 generative alternative AVI
programs. A program guide, which includes information



-respectlve transm ssion unit. And, the audio and.video conponent 3 0

packets tare tine divisi on mul tipl exed with interactive conponent packet S,
:said interactive conponent packets being-#n transm ssion unit sequence with
respective transm.ssion units headed by said further transport packet. 35
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| signals into a single signal or it may be a statistically controlled
multiplexer. The output of the multiplexer 28 is coupled to a
10 modem wherein it is conditioned for application to, for example a
satellite transponder. The modem may include error coding and
signal interleaving apparatus (not shown).
AVI formation is controlled by a system' program
controller 5. Program controller 5 may have a user interface by
15 which particular programs and respective program signal
components are selected. The program controller assigns
respective SCID's for respective audio, video and interactive
components of respective programs. The presumption is made
that respective receivers will access a program guide to determine
20 which SCID's associate AVI program components, and then select
transport packets from the transmitted signal stream containing
the associated SCID's. The audio, video and interactive
components are assigned different SCID's so that one or more of
the components of one AVI program may conveniently be utilized
25 in the formation of alternate AVI programs. For example,
consider that two similar TV game shows are being concurrently
produced, and that it is desired that both be interactive using the
same user interaction format. The same interactive component
may be used simply by associating its SCID with both AVI
30 programs, if the interactive component is substantially
independent of the video program. Using Differing SCID's also
facilitates editing audio from one program with video from
.another. _
A given AVI program may include a variety of signal
35 component sources. Shown in FIGURE 1 are an interactive
component source 10, a video source 17, and first and second
audio sources 20 and 23 (bilingual audio). The controller 5
communicates with respective sources for time management
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video signals compressed according to the MPEG protocol are
synchronized with the use of presentation time stamps (PTS),
which are provided by a timing element 15. For insight into how
the audio and video are temporally related the reader's attention
is directed to INTERNATIONAL ORGANIZATION FOR |
15 STANDARDIZATION, ISO/IEC JTC1/SC29/WG11; N0531, CODING OF
MOVING PICTURES AND ASSOCIATED AUDIO, MPEG93,
SEPTEMBER, 1993.
- The compressed audio and video signals are applied to
transport packet formers 19, 22 and 25. Audio and video
20 transport packet formers are known and will not be described.
Suffice it to say that the packet formers divide the compressed
data into payloads of predetermined numbers of bytes and
attaches identifying headers including respective SCID's..  For
. detailed information on a video signal transport packet former the
25 reader is directed to United States Patent No. 5,168,356. The
packer formers are coupled to the packet multiplexer for time
division multiplexing the respective signal components. The
tranépbrt packet formers may include a buffer memory for
temporarily storing packetized data to accommodate the
30 multiplexer servicing other components. The packet formers
include PACKET READY signal lines coupled to the multiplexer to
indicate when a packet is available. |
Interactive programs are created, via known
techniques, by a programmer operating the element 10, which
35 may be a computer or personal computer (PC). The interactive
" program, hereinafter application, is compiled and condensed. By
condensed is meant compressed or translated to a more compact
language. Respective portions of the programs are segmented into
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program si gedlangenponents are sel ected. The program controller assigns
10 A third type of module is labeled a SIGNAL. This
module is a special packet able to trigger interrupts. Signals can
be used to synchronize an application to, for example, a particular
video frame (for action games) or to alert an application of special
events (end of application, for example). Synchronization is
15 effected via inclusion of presentation time stamps. A
- programmed system function is performed when the signal time
video presentation time stamp matches the signal module
presentation time stamp.
Once the respective modules are condensed, they are
20 processed by the interactive component source 10 for
transmission unit formation as illustrated in the flow graph of
FIGURE 2. The module is accessed {50} from PC memory and
subjected to error encoding {51}. Error check bits are generated
_ and CRC check bits are concatenated or appended {52} to the end
25 of the module data. The CRC check bits apply to the entire
module, that is, in the preferred embodiment, error ‘encoding is
performed over the entire module, rather than in segments of the
module. The number of bytes comprising a module are counted
{53} and this number is divided {54} by a number N which is
30 equal to the number of code/data bytes included in respective
transport packets. The quotient is tested {57) to determine if the
number of transport packets exceeds a threshold value
representing a desired maximum number of packets per
_ transmission unit. If the quotient exceeds- the threshold, the
35 packets will be divided into a plurality of transmission units
(FIGURE 3). A transmission unit (TU) consists of an integer
number of transport packets (FIGURE 4), one of which contains
‘header 1nformat10n about the TU, and the others of which include
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contains an integer number of transport packets. If there are
insufficient bytes in the module to fill the last transport packet,
the last transport packet is zero padded {56} with null words. The
condensed module is then stored {58} in the memory 11 at a

15 predetermined memory area. -

The size: of a transmission unit is determined at the
discretion of the application programmer. Modules are broken
into transmission units because an AVI may contain alternative
functional applications and thus alternative modules which may

20 Dbe selected by respective receiver users. Ones of these alternative
modules may be relatively short. To preclude a user desirous of
using a shorter program from having to wait for transmission of a -
longer program, the respective modules are broken into pieces
(TU's) and the TU's of the different modules may be interleaved.

25 This process can significantly lessen the time required to receive
one of a number of alternative modules.

Table I, shown in FIGURE 35, lists exemplary types of
header information included in each TU header packet. Note that
the header includes a version number. The version number is

30 included to indicate when a change is made to the application
‘during the presentation of the AVI. A receiver decoder can be

~ arranged to update an executing application responsive to
detecting a change in version number. The Module ID is similar to
a computer file identifier and is provided by the application

35 programmer. The Module Transmission Unit Byte Offset is a
number which indicates the byte location in the module of the
first code/data byte of the payload of the TU. For example if each
TU includes 8 code/data transport packets, and a code/data
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10 After formation of the application and processing of
the modules, the interactive component source 10, under the
control of the application programmer, forms a directory module
which interrelates the application modules for the benefit of the
receiver application hardware. Table II of FIGURE 6 indicates
15 representative types of data included in the directory module.
The Directory module includes a header with an Application
~ identifier, AID, a field which indicates the amount of memory
required to store and execute the application, and a field
indicating the number of modules contained in the application.
20 The data portion of the Directory Module includes data for each
module similar to the header data for the respective modules. In
addition there is a string table which is a list of respective
application module names in ASC11 format.
The Directory Module information is stored in a third
25 predetermined area of the memory 11. The interactive
component source 10 may be programmed to generate the actual
transmission units and transport packets, however in the
embodiment of FIGURE 1, a separate code/data packet former 14
is included. The code/data packet former accesses the respective
30 areas of the memory 11 through the memory controller 12 and
generates packets in a sequence representing a respective
application (FIGURE 7). The sequence for respective modules and
TU's are shown in FIGURES 3 and 4 respectively. The packets
provided by the packet former 14 are coupled to the packet
35 multiplexer 16. o
The packet multiplexer 16 is arranged to provide
packets according to a particular schedule. The video component
of a typical AVI program requires the largest channel bandwidth,




Suffice it to say that the packet formers divide the conpressed data into
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10 ' The multiplexing format of FIGURE 8 presumes that

the program components include only a video and one audio
component, as in a typical TV program. The waveform M
illustrates the multiplexing rate, with one packet being passed by
the multiplexer for each transition of the waveform M. The

15 waveforms V and Al represents the timing of multiplexed video
and audio packets respectively. In this example audio and video
packets alternate. It will be appreciated, however that audio
packets will not traditionally occur at a rate as high as the video
packets. If audio packets do not occur at the audio multiplexing

20 rate, the multiplexer may be arranged to simply not pass an audio
packet in the audio multiplex time slot, or to repeat the last audio
packet. If the channel multiplexer 28 is a statistical multiplexer,
it will be preferable not to pass an audio packet when an original
packet is not available. This is easily arranged by causing the

25 packet ready signal generated by the audio packet former to
inhibit the multiplexer during audio packet multiplex time slots
when audio packets are not available.

The multiplexing format of FIGURE 9 presumes that
the program components include a video component, an audio

30 component Al, and a second audio component A2 or an
interactive data component 0. In this multiplexing sequence, a
video packet is passed for every' second transition of the
multiplexing signal M. During alternate transitions of the
multiplexing signal the other two components are alternated.

35 Video packets are passed at times T1, T3, T5, T7, T9, etc. Audio
Al is passed alternately with A2 or Data D. Audio Al is passed at
times T2, T6, T8, and T12. Audio A2 or D is passed at times T4,
T10. In this sequence it has been presumed that a packet of A2



A first type of nodule is a code nodul e which conprises executabl e code
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the i nteractPI/l@l'ébhponent source 10 for transm ssion unit formation as

illustrated Intheflomgmp@ﬁj % Ier b;sed {50} from
PC nmeno and sub ected o ergror enco |ng ror c ec Its are
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packets be passed every other packet multiplexing time slot. The
sequence S1 presumes video, first and second audio and a data
components. The first and second audio and the data D
component packets are shown regularly alternated during even

15 numbered time periods. The sequence S2 also presumes video,
first and second audio and a data components. However in this
sequence, it is assumed that the data D requires a relatively high
signal bandwidth. A data packet D is indicated as being allotted
every other even time period with the .audio components

20 alternating in the 'remaining even numbered time periods.
'Sequences S3 and S4 assume that the audio components require
significantly more bandwidth than the data component and ‘thus
are shown to have been allotted a greater percentage of the even
numbered multiplex time periods. More than one module may be

25 concurrently transmitted. If they are transmitted concurrently, it
is recommended that transport packets from TU's of different
modules not be interleaved in the packet multiplexing process.
However, entire TU's from different modules may be interleaved.

The specifics of the packet multiplexer 16 will not be

30 described because multiplexing is a mature art and those skilled
in digital signal processing will readily be able to design a
multiplexer to satisfy their particular requirements.. Suffice it to
say that the packet multiplexer 16 may be arranged using three
state logic switches with input ports coupled to the respective

35 component signals and their output ports coupled to the
multiplexer output port. A state machine may be arranged to
control the logic¢ s.\';vitc’hes" responsive to priorities established by
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10 packet scramble key , and control synchronization for the

scramble key. Exemplary coding of the CF and CS fields is
according to the relations:

Gd & function

0 0 Use even key

0 1 Use odd key

1 0  Packet unscrambled

1 1 Packet unscrambled

15

The service layer or transport block is illustrated in FIGURE 12. It

20 includes a one-byte header and a 127-byte code/data payload.
The header includes a four bit field for a modulo 16 continuity

.count (CC) and a four bit service type identifier HD. For the
interactive . code/data packets two service types are utilized which
are identified by the four bit HD field according to the following

25 convention: : '

0000 AUX PACKET

0100 BASIC PACKET
The transport block of the basic packet simply includes the HD

~ byte followed by 127 bytes of module codewords. The basic

30 packets are utilized to transport the codewords of respective
modules, but not the transmission unit header information. The
TU header data and any module header data are conveyed in
auxiliary (AUX) packets. FIGURE 13 illustrates the form of the
service layer of exemplary AUX packets.

35 The AUX packet service layer includes the One-byte
header with the CC and HD data. The CC value for all AUX packets
is ‘a..unique value such as 0000. The remaining 127 bytes of
payload are divided into one or more variable sized auxiliary
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TU header packet. .Nate that .
: transmission unit.
FIGURE 14 shows an exemplary embodiment of a
code/data transport packet former 14. The packet former
15 includes a controller 75 which controls the functional sequencing
of packet formation, and communicates with the system program
controller 5, the memory controller 12 and the packet multiplexer
16. The controller 75 receives the appropriate SCID's from the
program controller 5 and stores them ‘in a storage element 78
20 along with other packet prefix data. The controller 75
communicates with the memory 11 via memory controller 12 to
access application code/data which is then applied to one of two
buffer memories 76 and 77. Header data which is to be conveyed
in AUX packets is applied to the buffer 76, and data which is to be
25 conveyed in basic packets is stored in the buffer 77. A further
storage clement 79 is used to store service layer header data HD,
and CC counter 80 is included for completeness. Alternatively the
storage elements 78 and 79 may be part of memory internal to
the controller 75 and the continuity counter 80 may be realized in
30 software in the controller 75.
Output ports of the respective elements 76-80 are
* realized with three state logic devices, all of which are connected
to a common output bus. Packet data is accumulated in the
respective elements 76-80 and applied to the output bus in a
35 packet forming sequence under the control of controller 75. _
The bus is coupled to an error coding unit 82. Error
coding unit 82 generates cyclic redundancy header error check
bits (CRCH) over the auxiliary group of respective AUX packets



t he header includes a version nunber. The version nunber is 3 0 included
t 0. ndi cate when a change is nade to the application.during the-
-presentation of -the AVI. A receiver decollg- can be arranged to update an
executing a Ilpatlag responsi ve to detecting a change in version nunber.
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TeNOrY 19 be a first in first out FIFO memory. When a complete packet is
stored in the FIFO 81, a packet ready signal is generated. The
data output port of the FIFO and the packet ready 51gnal are
connected to the packet multiplexer 16.

- FIGURES 15, 16 and 17 are flow charts illustrating in
15 progressively greater detail the code/data packeting process.
Before discussing these flow charts several acronyms will be
defined. These are: '
TU = Transmission Unit; TP = Transport Packet;
CC = Continuity Count; TPN = Number of TP's in TU;
20 TUN = Number of TU's in module; ML = Length Of Module (bytes);
TPU = Running index of bytes packeted in a TU in units of 127.
FIGURE 15 illustrates the general process by which the
packet former packages respective applications. Recall that the
transmission media is to be utilized as application storage, thus
25 the application will be repeatedly transmitted, i.e., packeted. The
program controller initiates {100} packaging of an application.
Subject to this command the controller 75 accesses {101} from
memory 11, the number, MN, of modules in the current |
application, and the module header information, and stores same
30 in the buffer 76. An index i is set {102} to 1. The Directory
module is packeted {103}. The first application module is then
packeted {105}. Index i is incremented one unit {106}, which is a
count of the modules packeted. A test {107} determines if the last
module of the application has been packeted. If the last module
35 of the application has not been packeted, the system progresses to
step {105} and packets the next module. On the other hand, if the
last application module has been packeted, a test {108}
determines if the application repeat time has elapsed. If it has,
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respective m{d@5¢swhich consists of forming a TU header AUX packet, followed

by TPN-1 basic packets with application code/data. The index TU
is incremented one unit {126} and tested {127} to determine if the
15 last TU in the module has been completed. If it has not, the
system progresses to step {125). If the last TU of the module has
been completed the routine is exited. -
FIGURE 17 shows the process {125} for TU generation.
At the beginning of each TU, a Transport number index TP is set
20 {136} to zero. The index TP is tested {137}. If the index TP is
zero, a TU header AUX packet is formed {151-157}, else a basic
packet is formed {138-146}. For AUX packet formation, the link
layer prefix including the SCID is accessed {151} from memory.
The fixed AUX CC value is also accessed {152} and appended to the
25 prefix. The AUX packet service layer header HD is next accessed
{154} and appended after the prefix and AUX CC. An auxiliary |
group header is formed or accessed {155} from memory and
appended after the prefix, CC and header HD. The AH header data
is calculated and appended after the auxiliary group header. AUX
30 data associated with the auxiliary group header is accessed {156}
from memory and appended after the AH header. A test {157} is
made to determine if further auxiliary groups are to be included
in the AUX packet. If there are further auxiliary groups, the
system progresses to step {155}. .If not it progresses to step 147.
35 If a basic packet is to be formed, i.e., TP is not equal to
zero, the appropriate prefix data {138} and the CC {139} are
accessed from memory or the controller 75, and the CC is
appended to the prefix. The CC is incremented one unit {140}.



TU s are shown in FIGURES 3 and 4 respectively. The packets provided by the
packet fernmer 14 are coupled to the packet 35 nultiplexer 16. The ‘packet
mul ti pl exer 16 is arranged to provi de packgts according to a particul ar
schedul e. The video conmponent of a typical AVI programrequires the |argest
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passed by  bytes remaining in the module, the remaining module bytes are

10 accessed and appended {144} to the header HD. The index TPU is

~ set to ML {146} and a packet-not-full flag is set.

After respective packets are formed, (AUX or basic)
they are tested {147} to determine whether they are filled. If not
they are zero padded {148} to the requisite number of bytes(127).

15 The index TP is incremented {148} one unit. The basic packets
may be optionally CRC error coded {158}, however this is
somewhat duplicative of the error coding performed over the
entire module. Such CRC error coding may be applied at least to
the application data portion of the respective packets, and/or the

20 service layer header (CC and HD). If a CRC is performed, the CRC
error check bits will be appended to the packet data bytes.

AUX packets are CRC error coded over the auxiliary
group data field and the auxiliary header AH, and CRCH error bits
are appended to the auxiliary group. '

25 The index TP is tested {150} to determine if the last
packet of the TU has been processed. If not, the next packet is
formed {137-149}. If it has the system exits to step 126.

The foregoing process packages modules ad seriatim.

_ Note however that the application composer can easily arrange to

30 interleave portions (TU's) of modules after compilation of the
application; and then arrange quanta of data with indicators
whether the quanta of data are to be packaged in basic or AUX
packets. In this instance the packet former, responsive to such
indicators will form associated data in AUX or basic packets.

35 Applications for AVI programs are repeatedly

~ transmitted. - The periodicity of re-transmission is determined by
the programmer, and is a function of the bandwidth of the
channel, the bandwidth needs of higher priority AVI components,
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If a new interactive program occurs, the directory will

15 change, and this change will alert the receiver to a program
change. Nominally such a change will cause the receiver to dump
the current program in favor of the new program. However, it
may occur that the new program requires very little memory
space and it is intended to revert to the old program in a very

20 short interval. In this instance it is more desirable to simply
suspend execution of the present program rather than dump it, as
the delay in re-recovering the application may be undesirably
long. There may also be instances when an application can not
know when to terminate an application or when to resume

25 execution of an application. All of these situations may be
addressed with the use of signal modules.

A signal module may be a data module or an
executable program. If the former, it may contain a simple time
or other type of code to condition a current application to respond

30 in a predetermined manner, for example, self termination, or
suspension of execution, or resumption of execution etc. If the
latter, it may be a program to condition a receiver to store the
current status of the application it was executing, and then to
dump the present application in favor of a newly transmitted

35 application, or to suspend execution of the present application and
remove it from memory, or to merely suspend execution etc.

The timing or- synchrenization of the signal packets
with associate video or audio, may be effected in several ways.
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is not critical as long as its reception occurs before the

10  programmed event. In the third case, the signal program packet
location is rather critical in effecting the desired result.

Consider that an AVI program is segmented if it is
composed of respective parts which are associated with different
interactive programs, or with non-interactive programs. A

15 program which has a first part which is associated with an
interactive program,- a second part which is a non-interactive
commercial, and a third part which is a continuation of the first
part with associated interactive program has three segments. If

- the signal module is to effect a program change (e.g. suspension of

20 execution at the beginning of the commercial) by the third
method, it must be situated in the program stream sufficiently -
prior to the occurrence of the second segment so that the receiver
has time to respond to the signal program at the occurrence of the
second segment.

25 Signal modules which contain a simple control word or
sequence may be contained in a single packet which comprises the
entire module including directory and header. This single packet
is an auxiliary packet which will create a process interrupt upon
reception by the receiver. Responsive to the interrupt the

30 receiver will initiate the appropriate action indicated by the signal
module. If the signal module is an executable program it may

" contain a plurality of packets, but the header packet of the
module will be an auxiliary packet. In this instance the auxiliary
packet will also cause a receiver interrupt to initiate appropriate

35 action.

this sequent

If the system illustrated in FIGURE 1 is generating
interactive programs of segmented video, the programmer
operating the system can control the interactive component source
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appropriate prepacketed signal module, and insert same in the '

edited product. In fact, selected prepacketed signal modules may

be repetitively inserted at predetermined intervals. Repetitive

insertion may be used to enhance the probability of reception

15 and/or may be used as an implicit signal. In the latter instance a

receiver may be programmed to perform certain functions

indicated by the signal module only if the signal module repeats

with predetermined frequency. When the frequency is broken

the receiver may be programmed to revert back to processing in

20 the mode utilized immediately prior to reception of signal module.

In the claims that follow the term "segmented video
signal” means a video signal composed of respective portions or
segments, ones of which are associated with interactive programs.
‘and ones of which are associated with different interactive

25 programs or not associated with interactive programs,




‘the controller 5 and the respective packet ready signals provided by the
packet formers. FIGURE 11 illustrates an exenplary formof the AVl packets.
. The Packets include a link |ayer which ced®ys a prefix, 5 and a service

| ayer or trapsp bl ock which may be custorized for the particular

servi ce. Thezg#ghk§°conveyed inthe link layer is a two byte field which

i ncl udes four one-bit signals P, BB, CF, CS, and a twelve-bit field for the

SCI D. The signal s P, BB, ' f ' l.t. a bundle
boundary bit, a, co'ntro?'floégp orugsﬁ%?geglgg%}zég s%'?gi‘r‘g%@%b&§ , and contr ol
‘synchr oni zat ABdla/¥isuale pregiam ccomprisingnpl ary coding of the CF aanJSCS
fields is according togat §gurcRl dF Bahs i e even
key 15 . ) Bgu ® ?lf %Ug%&gdgaﬁi%tslafw&ghﬁfbsgg%k\é el?n_scranbl ed
1 1 Pati&halinscranbl ed The service |ayer or transport block is

illustrated in Fl GURE a2soutce2®f ﬁaakp@h%s?acme-bﬂt@brhﬁ%%@édaﬂﬁ’di% 127-byte
code/ dat a pag{ﬁi}aﬁ, The header includes a tfour bit field for a nodulo 16

continuity c (CO and a four bit service type identifier HD. For the
i nteractive code/ data pacesiputenvforeigencrating ean ainteractiviez proghamh are

identified bysddifare@Uiwith LsdilP EompresiedCatlaity 4t Wided OlighMd)9said
interactive program being formed of different modules, respective
said modules including executable codes or data, and including a
directory module linking application modules;

transport processor 'apparatus for packeting said
modules into transport packets and grouping transport packets
from respective modules into transmission units, and forming
auxiliary transport packets including header information for
respective transmission units;

means for assigning first identifier codes SCIDy, to
respective video transport packets, second different identifier
codes SCID,, to respective audio transport packets, and third
different identifier codes SCIDp, to respective interactive program
transport packets; _

a multiplexer for time division multiplexing said -
interactive program transport packets with said audio, and video
transport packets in such fashion that said interactive program is
repeatedly included with said compressed audio and compressed
video signals. '

2. The apparatus set forth in claim 1 further including
error coding apparatus for independently error coding said header
information for respective transmission units in said auxiliary
transport packets.

AT



25 convention: 0000 AUX PACKET 0100 BASI C PACKET. The transport
bl ock ofs the basic packet sinply includes 5& HD byte fol | owed by- 127 byt es
of nmodul e codewords. The basic 30 packet$ e utilized to transport the

codewords: of respective3nodph&sap ?ﬁ?&tu@okett @&thrﬁpmﬁﬁ nwugltetmheader

i nformati on. The TU header . da

nmodul e aﬁp are conveyed in
auxiliary (AU?)‘“‘ﬁHER%Pg “PF'@J more) F rfiG MPgRicy (Wﬂf{o € { FRNGETER
| ayer of exenpvailable,Xapdckaids tradfsport processor iSheorditionadkes iimereave

| ayer include e t

for all AUX pgg gggtrgy%,ﬁ}%?&ﬁ éﬁlﬁ% éﬂ gﬁgﬁ%&g H%ﬁﬂggmﬁﬂ ﬁ%’ﬂ%‘%yt es
of payl oad ar émmvmmleawogomnsponbrpaclmts afnomm s differentxitransnyission 12-
groups. Each ﬁﬂ’cfiﬁ iary group includes a two-byte header field containing
“two flags MF and CFF, an auxiliary field identifier AFID, and a nunber AFS
I ndicating the amount of auxiliary data that follows in a variable length

AUX data field. The fl ag, NFI‘heIChpp@l'a’m5setV\mfthein chintlak avhéreimesaf@X dat a
field is m)d|{11%§b8 gé
a rt pro ssor is conditioned to provide said directory
module, transmlssmt_l units of modules of executable codes, and
transmission units of modules of data in the order recited.

5. The apparatus set forth in claim 1 wherein said
transport processor forms transmission units from integer
numbers of transport packets, and transport packets of a
transmission unit for which there is insufficient module data, are
filled with null words.

6. The apparatus set forth in claim 1 further including
a continuity counter for counting modulo N, (a positive integer),
successive transport packets containing application module data
except said auxiliary transport packets, and said transport
processor including associated said successive count values in said
transport packets, and including a predetermined count value in
all auxiliary transport packets.

7. The apparatus set forth in claim 1 further
including, error coding means for generating error check bits over
respective said modules and concatenating error check bits to
corresponding modules.

| A O G



‘the flag CFF indicates if the AUX data field is zero padded. Onef. the
auxiliary groups will be arranged to convgy the TU header data. This
.particular auxiliary group will include an additional header, AH, which

contains a 16-bit fiel @.i nTheaippagatusesetufibh if claith Rafkkhér in the
transm ssi on-lgg?t iﬁEd a second 8-bit field containing the CC value of the
first basic b & h the transmi ssion unit. FIGURE 14 shows an exenpl ary
enmbodi ment of a céde/ dat sourcenof osignghomedulesr fier conditighingaceeivetorner 1

5 oynoludes spparii! I srlBell of Féli pfoddiSinig Wt ifitheigguenci ng of

packet forma and co ni cat es e system program controller 5,
the menory cOEPBERMSs 12 and the packet nultiplexer 16. The controller 75

receives the appropri awhé¥eind Saidr aransporp’ peocessopnapparatiis Spacketst or es

themin a stQrage elepent_73 20 along with other packet prefix data. The
controller 7§a@€rm§ﬂp£é§fe§n ith the menory 11 via nmenory controller 12 to

access application codséahtmultiplexer stitee diajsionetultipbexesofsaidwo buf f er

menories 76 . t ' ' bey; ng@&ql' s'is
applied to tﬁ’?ﬁ%‘fy?‘ér @%@rgﬁg @git‘\gﬁ%i PE“:“?St gvfglg é c%ﬂr?\ge e kl,eﬁscllgsi c
packets is sfompfessed udigr signayzand, ¢opresponding: sgamentsedf satd i s used to
store servi cgohfptessdieaddeo déignald), afd dncladiagnpaekdts of daid! sigadl f or
conpl et eness. A&ternatlvielg t he.st qQrage eI{ements 78 an 28 TRy he spaart of
menory int er /¢ qlgs correlated with changeés of segments of said compresse

video signals and programmed to affect the execution of an

interactive program associated with a segment occurring prior to a

respective segment change.

9. The "apparatus set forth in claim 8 wherein said
compressed video signal includes first and second successive
segments, said first segment is associated with an interactive
program, and said second segment is not associated with an
interactive program, and said multiplexer is conditioned to
include a signal module containing codewords which will
condition said receiver apparatus to suspend processing of said
interactive program associated with said first segment on the
occurrence of said second segment.

10. The apparatus set forth in claim 8 wherein said

compressed video signal includes first and second successive

- segments, said first segment being associated with a first
interactive program, and said second segment being associated
with a second interactive program, and wherein said multiplexer

. is conditioned to include a signal module containing codewords
which will condition said receiver apparatus, on the occurrence of
said second segment, to store processing status data relating to the
current state of processing of said first interactive program, then
to remove said first interactive program and load and execute said
second interactive program.
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the controller 75 and the continuity counter 80 may be, realized in 30.
software in the controller 75. Qutput ports of the respectlve elenents
.76~ 80 .are realized with three state | ogi c-BRvi ces, all of which are

connected to a common out put,,bus. Packet daja.s, accynmul ated ip the
respective el enents 76- g&) ha’eaﬁﬁppﬁfufosetthé’%t‘ﬂu?f%ﬁb &arw@rsm %ket
form ng sequesowrcendrsighal anodules i sanmtcrmhpmeﬂﬁrhxdlhemlsaﬁm timeoupl ed to

header crror %‘%’@? in; 3“‘{’5&@5“10%‘“?%%%‘%@1’4 ipschre SshERIOL A
packet s - 1with (peaticular| feasses 1of spichsompreased cadeat sigaabs tor appends
the CRCH to tf%cﬁiénpz.%c'é%cu%? of 3aid ?igﬂﬂh e With & Chilfigh SoPer ! o7 med

over the auxi z rOl}l ({1 but not t aUXI liary
group header . S&gf@ @%Cﬂ COMPIRS i videa §18z§l|§ nded to the auxiliary

group. The error coding unlt may al so be conditioned to generate CRC error.
codes aver 1t orat 1 on, 501 Sl 1 355 lsByntion e 38316 V5 b 2"
packets. The meraﬁtsveareomponeamoloédan oaudimﬁidaeo-mwaqtlﬁé phogtamay '
(hereinafter AVI) comprising:
forming transport packets of compressed audio signal
with respective packets including a payload of audio signal data
and an identifier SCID,; for identifying the transport packet as
containing audio component' data;
forming transport packets of compressed video signal
with respective packets including a payload of video data and an
identifier SCIDy; for identifying the transport packet as containing
video component data;
generating an interactive application associated thh
the audio or video components; |
segmenting the interactive application into modules
similar to computer files, respective modules containing
executable codes or application data;
dividing respective modules into one or more
-transmission units including integer numbers of transport packets,
each transport packet including an identifier SCIDp; for identifying
the transport packet as containing interactive component data.
generating a further transport packet for respective
transmission units, said further transport packet including
transmission unit header information describing the information
contained in the respective transmission unit; and
time division multiplexing the audio, and video
component packets with interactive component packets, said
interactive component packets being in transmission unit
sequence with respective transmission units headed by said
further transport packet.
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10 be afirst infirst out FIFO nenory. \WWen a co%gt\e packet_is stored
in the<«FIFO 81, a packet ready signal is generated. ThH&*data output port of
. the FIFO and the packet ready signal are-28mnected to the packet

mul ti pl exer 16.- FI GURE? 15, 16 ang é? arf- f%b,w charts jillustrating in 1 5
progressively greater Hotailne methodesetaforth Jiny claimy 12, cwhereinpsaid, o
di scussi ng t$E€IDHi| SCIDg| andsSCHDGH arec different waluesoe defi ned. These are:

TU  Transm ssion=Unit; TP  Transport Packet; CC [err] Continuity
Count ; TPN [ er r% Nunber of TP's in TU; 2 0 TUN [err] Nunber of
TU s in nodule; M [eri4. Ldhs mathodbsetl fonthyinecjainTHI2 [wehereirRisaid ng i ndex

of bytes pa%&&ﬁ@ i;%gﬁef] Ys! Qn“ﬁhtﬁiaﬁ? ﬁ%ﬁsp&hggﬁa(éﬁ and ¢ " fetRod N6F
general process f I ch the, packet forner” packages respective
appl i cat i ons8eNGEatiNg am Auxilary r Hanspar; mcﬁéﬂilé"f‘&dqsé be utilized as

application storage, tEﬁﬁviafng tsaid aSOIDg} | 0 'predéteréned Fivdddl y
transmtted, i.e. .. packeted. 1 TI’¢ pror&{)am cont.ﬁol | er C{kﬁtt | at ea {10?&
packagi ng ofc%"é%?i?:%'”‘oﬁ.a %b'&;ta 4t AUXLU ARG Rt Ps: fafa-¥ 95
accesses { 10HD,f andr cenaatgndting tthe courtevalueNCQOfamd thé cauxiliary epacket ent
appl i cation, d 2] hga 3l atdy and stores sane 30 in the
buffer 76. A mgé'%ewq}guiélg’, ﬁggf lpgf,‘ﬁ?lg?h%egapé’ctory modul e i.s, packeted
{103}. The first appl i BeReTaHNEDAD AuXilianye STPHPK AnElydingan Juidiary | s
increnent ed grsup/Miata{fiefd .anthianh auxildary group header, said auxiliary

group header including a codeword AFID identifying data included

in said auxiliary group data field, and a field AFS indicating the

number of bytes of data in said auxiliary group data field, and

concatenating the auxiliary group header to said SCIDpj, CC and HD

data; and . -

including said transmission unit header information in

said auxiliary group data field.

15. The method set forth in claim 14 wherein the
method of generating an auxiliary transport packet further
includes;

generating further auxiliary group header fields, "AH,
including a first field which indicates the number of transport
packets in the corresponding transmission unit, and a second field
indicating the continuity count value of the first transport packet
of a transmission unit after the occurrence of said auxiliary
transport packet.

16. The method of claim 12 further comprising the
step of, interleaving whole transmission units of different modules
exclusive of interleaving respective transport packets of different
transmission units; -
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‘count of the nodul es packeted. A test {107} determines if the last nodul e
of the application has been packeted. If the | ast nodul e 35- of “the -
appl i cati on has not been packeted, the sy m progresses to step {105} and

packets the next nodul ication nodul e
has been packeted, a tZZt %%%%ggr ﬁ?ﬁ@@“ %Exgﬁ |cfi)?fﬂc% repeat tine
has el apsed. mﬁludtmaas -14- the system returns to step {101}, or to
step {102}, to begin repRAHA0IDHif aofyetm%aﬁletwhidtﬁ iAERIdesadald

Al ternati vel i f ,the repea of pse he systemwaits {109},

bef or e repac%&BFﬂﬁnghg‘%ﬁBPé‘E&s mpuaeg tn “an aqulcaﬁ"@JRE 16 illustrates-

Etltgzgmlgul e packgt f or médrming “Ehesdﬁrebf t“rir@dlrl\}ﬁ m:‘d laﬁtmhsgﬂil%ﬁoxbwt;ﬁ@urm ng
rom-t engt of the nodule in bytes

t he nunber, %‘RI P%P%bpgﬁﬂc?gz%nahﬁlts in the nodul e, and the nunber, TPN,

of transport packet s |tlmmedlrvesxpncmwh1plemngnthe| direttary umodule AVt i ndex

Is set {123} u n 24} to

zero. A trantsl{ep ﬁ?{éﬁ 32(&?! QhE or ne i Qg ?Q“v&t%gkg{gngﬁg?gg?hﬁﬁ%kh@a TU

madatles r of | s
header AUX p esiof | d“H?l'aﬂiNlel @ W&bkets wi th application
code/ data. The index TU '

18. The method set forth in claim 17 further including,
repeatedly multiplexing transmission units of said directory
module and said application modules, with said audio and video
components, as an AVI program. '

19. The method set forth in claim 12 or 14 further
including, error coding each said module and concatenating error
check bits to each such module.

20. The method according to claim 12, including

generating signal modules for conditioning receiver
apparatus to suspend or renew processing of said interactive
program;

forming transport packets of said interactive
application and of said signal modules; and

time division multiplexing the audio, and video
component transport packets with associated interactive
application transport packets, and inserting signal module
transport packets correlated with changes of segments of
segmented video signal to condition respective receivers to
suspend or resume an interactive application at respective
segment changes.

21. The method according to claim 20, including

error coding said signal files and interactive program
files and concatenating error check bits to corresponding error
coded files.
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I's incremented one unit {126} and tested {127} to determine if the 1 5 | ast
TU. n the nodul e has been conpleted. If it has not, the system progresses
to step {125}. If the last TU of the nodul e has beerTEc

s exited. FIGURE 17 shows the process {125} for TU|

. beginning of each TU, a Transport nunber_jgidex TP i scaet >
zero. The index TP is tested {137}. If the i ndex TP i s zero, a TU header

AUX packet is fornmed {151- 157} el se a basic packet |s for{nﬁd {Sa&% 146} .
For AUX packet formation, -th M{E $GRedi ng e S
accessedp{ 151} from rrermry I Xe @k@atT ue'I's also accessed {152}
and appended to the 25 prefix. The AUX packet service |layer header HD is
next accessed {154} mpmmmmmemmmammﬂéxqsﬁndagﬂ Ielra%e
group header is formed or acc _ nd appende

prefix, CC and header  HD. Thegmégr%’ﬁéggwmgﬁi ted and appended
after the auxiliary group header. AUX 30 data associated with the

auxi liary group header -is accessed {156} from nenory and appended after the
AH hea éi/ A test {15Appasatusdando adgnethadhefarf formatting aexedutable gr oups

are to be | oederlohd nidrhe dieihing h%radtgl;t ha?ﬁ;m@itf‘mfé”mﬁ{ VidSh' bapy

gr oups, t he system resses Ste rogr esses 0 st ep
147. 35 audio pro “} Q‘%&E‘i aﬁk@cll-‘# et 6née°%vmnt a@CCSSTP i s not

equal to zeinuludés comprassing o118, 621)< Zrtia hAdSlidey prografms{ h8brding

to a protocol such as MPEG. The compressed audio and video

15 (A/V) programs are segmented (19, 22) into transport packets
and identified by first and second service identifiers SCIDaj and
SCIDvy;j. Interactive application programs associated with A/V
programs are compiled (10) into functional modules and
condensed. Further modules designated "Signal modules”, are

20 generated to condition respective receivers to suspend or resume
execution of an interactive application. Signal modules are
multiplexed in the packet stream to appropriately reprogram
respective receivers on the occurrence of such changes in received
signal components. A module may be executable software or data.

25 A module includes code/data and a header. The code/data
portion of each module has cyclic redundancy coding (CRC) check
bits appended to the module. Respective modules are segmented
(14) into transport packets. The transport packets are formed into
transmission units comprising an integer number of code/data _

30 transport packets and a header transport packet. Video packets,
audio packets and module packets are subsequently time division
multiplexed (16) for transmission.

Fig 1l
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.accessed from nenory or the controller 75, and the CCis appended to the

prefix. ‘The CC is-increnented one unit {140}. -15- The basi c packet
service | ayer header HD is sourced and appended {14 3 %TQQQ;EEENi dex
TPU i s subtracted fromthe nodule I ength and test ed{{{H39> 1

h ASEBr m n

there are a full packets worth of nodul e bytes renainin

there are, a 5 packets worth of bytes (12/g8bytes in I's exanple) are

sourced {143} fromthe nenory 77, and appended to the HD. The index TPU is

i ncrenment ed Alternatively, if there are | ess than a ful

packet of bytes emaininpg in the ngdule, the remaining nodule bytes are 10

accessed and appended {14_4,_}-_LPtbeg‘header HD. Thewindex TPU is set to M.
il |

{146} and a pack%gmt-f flagHi® set. After rgégective packets are
formed, (AUX or iy c) they are te®ted {147} to erm ne whet her they are
filled. If / are

yero padded {148} to the EEquisite nunber of
o Nflex TP is increnented {148} one unit. The basic
odti Shafly CRC error coded {158}, however this is sonewhat

H

_bytes(127)-
packets may b
duplicative o
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.entire modul e.
| ayer header (CC
wi |

be appended to the packet data bytes.

and HD) .

Such CRC error coding may be applied
appl i cation data portion of the respective packets,
If a CRC is perforned,

at

least to the

t he

Ok Ehe 20
% ; _(éf%edk“'

AUX pack

over the auxiliary group data field and the auxiliary header AH, and CRCH

The i ndex
,TU has been

error bits are appgn
TP is tested{150}

processed. Iif not,
systemexitg to s}

GETIMODULE

f or egpi

seriatim Ndte however—gmatr t
3 0 interl egve portjors

and t
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10f n

appl i cation;
quant a of da
t he packet f
in AUX or bd
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t he progranm
bandw dt h n¢g

to s
52
Bwiod

er, ahdF MQDULEC{i on
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| f
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-16- the total data included in the application, and buffer nenory size in’
the decoders. The re-transm ssion of the application nmay be effected by
arranging the tining of the packet multiplexer to allot predeternined

mul ti pl exi ng periods to the application at a rate 5 which will produce the
desired application re-transm ssion rate. There are instances in which
undesi rabl e di spl ays may be produced by an interactive program Consider
the instance where an interactive program occasions the display of. an
overlay image atop the associated video. Assune that a non-interactive 1 0
commercial is included in the video.  The interactive programnmay have no
means of determning that the video source changed and may undesirably
continue to display the overlay image on the commercial. If-a new
interactive programoccurs, the directory will 1 5 change, and this change
will alert the receiver to a program change. Nom nally such a change wil |
cause the receiver to dunp the current programin favor of the new program
However, it may occur that the new programrequires very little nenory
space and it is intended to revert to the old programin a very 20 short
interval. In this instance it is nore desirable to S|nply suspend execution
of the present programrather than dunp it, as




t he delay in re-recovering the application nay be undesirably long. There
may .al so’be instances when an application can not know when to_tern.nat-e-am ==
application or when to resune 25 execution of an applicati HmsﬁtN
situations nmay be addressed with the use of signal nodul es. B §|'gnﬁ¢pmne
may be a data nodul e or an executable prog/@&m |f the former :::-- :
contain a sinple tinme or other type of code to condition a current

application to respond 3 0 in a pr ‘dﬁﬂgrm ned manner, for exanple, self

term nation, or suspension of execu resunption of execution etc. If
the latter, it may beﬁﬂ&arogramto con@UNGTION r ecei ver to store the

current st at us of tl e,ejp lméwl_(glldt Was execuring, and then tjo dunp the

present application T35 T TYOTAL B"YT'ES’ NMODUCE CEUDING CRE T cation, or to
suspend execution of :lec HHSB?IL‘E HsOﬂ‘hUMB‘E'#Wﬁmm menory, or
to merely suspend ex 3K NUNPF | E pry of the
signal packets wt h%,i , - 7 i n several
ways. -17- Firstl ' he occurrence

of a particular start or header etc., Ff@ sf t he associ ated audi o or

TABLE |l

BOS EUNCTION
32 APPLICATION IDENTIFIER (AID)
32 DECODER MEMORY REQUIREMENTS FOR APPLICATION
16 TOTAL MODULE COUNT

for each module

16 POINTER TO MODULE STRING TABLE

16 MODULE IDENTIFIER

32 MODULE VERSION NUMBER

32 LENGTH OF MODULE INCLUDING CRC

32 DECODER MEMORY REQUIREMENTS (IF CODE MODULE)

32 OTHER FLAGS

STRING TABLE FOR MODULE NAMES, STRINGS ARE NULL

TERMINATED
FIG. 6
APPLICATION
7\
7 _ N
DIRECTORY CODE DATA
MODULE MODULE MODULE
FIG. 7
T
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vi deo si gpal Secondly, ii-nay ncl ude al PTS (presjgntation tj. st anp)
and be pr gr ; X ' | ' r
vi deo dat or wi fhi i ' [ ) audi

or video ' By et be—exer ——rrredtat Bty
upon receptlon In the first two cases IfcL)‘uéslgcation of a signal packet in
t he packet streamis not critical as Io ts reception occurs before
the 1 0 programed event. |In the third case, the signal program packet

|l ocation is rather critical in effecting the desired result. Consider that
an AVl programis segnented if it is conposed of respective parts which are
associated with different interactive prograns, or- wth non-interactive
prograns. A 1 5 programwhich has a first part which is associated with
an interactive program a second part which is a non-interactive
commercial, and a third part which is a continuation of the first part with

associ ated i tive; ram h ree s S. f—the sig bdul e i s
to effect Mo program chénge fe.g.Jsuspgnsi oh of RO ekecutjon aj the

begi nning of the cometci al y the third metho It nmust be situated in
the program g4ream suffdciehtly pyior to t occurre e of theggecond
segnent s¥ that the rege¢i vetk has{tine to rE‘Epond to e si gnal | program at

t he occurrence of the second segnent. - Signal nodul es which
contain apyi nple f}ntrol wotd or r] T]
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.sequence nmay be contained in a single packet which conprises the entire
nodul e fncluding directory and header. This single packet is an auxi
packet which will create a process interrupt upon recepti
receiver. Responsive to the interrupt the 30 receiver fisignct ;
appropriate action indicated by the signal nodule. |If thd signal "hodule is
an executable programit may contain a péggality of packets, but the header
packet of the nodule will be an auxiliary packet. In this instance the
auxiliary packet will also cause a receiver interrupt to initiate
appropriate 35 action. If the systemillustrated in FIGURE 1 is generating
I nteractive prograns of segnented video, the progranmer operating the
system can control the interactive conponent source -1 8- 10 to create
t he appropriate signal nodul es which mLJI the Jne inserted into the signal
stream by the programcontroller 5, at prodEi te instances.
. Alternatively, consider a facility forgedi{i @ nunber of prerecorded AVI
and/ or non-AVI prograns to 5 generat(,&fé?exanpl e, an AVI programw th
segnent ed video signal by selecting segnen of prograns froma plurality
of

o

e\ as BEEN
“tElTé?Aﬁ:“t he

-
©

i -

FIG. 14

©
»
S
=
=
o <
0 L P
E u
- =
E E ' V4 L P / Vs
o] p” o
(o] > o .
o No "gg WEE q‘lﬂ 2 w
g & 32| (88| |68 o3| |8k
E 98 25| |°2%] [Bap|[TZ]| |3
| = a 3 o
00 *
=0 -
™~
F.
3
@
[T

heet Has Been Replaced

"



stored signals. In this in
nodul es. At
edi ted program product,
si gnal nodul e,
pr epacket ed si gna
i nterval s.

th

st ance,

e editor will

reception 1 5 and/or

it

I nstance a receiver
I ndi cated by the signal

pr edet er mi ned frequency.
programmed to revert bag

k MODUIESMN NnglT

crrorm

the editing apparatus nay i ncl ude a
furt.her storage el ement containing a selection of prepat
i nterfaces between respective program1l 0

sel ect the apqg
and insert sare in the edi 7ggl product.

nodul es may be repetitively inserted at predetern1ned
Repetitive insertion may be used to enhance the probability of

PRLKAGE APPLICATIONTD

re ket ad

segrent st ohstdiey
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In fact, sel ected"
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I medi ately prior to reception ﬁ signal nodule. |n the clains that follow
the term "segnented video ﬁL yet—eqns a vi deo sfgnal conposed of
respective portions or seg é;I =dned—102 whi ch ar € ggssociated with
interactive progranms and ones of whi ch are associ ated witlh different
[Eg?ractlve 25 progra FPWCIPB]REE‘?aﬁlf Ejm\;\“h i hteractijve prograns.
MODULE
> warr 108
PACK MODULEl 705 NO
108
- I-l+1 ™ REPEAT
A o6 YES \TIME ?
Mhl?
FROM 103
START [0
FIG. 16
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EXIT TO 106 ‘

122

y
ISETTU =0 123
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CLAIMS: 1. Apparatus for generating an interactive audio/visual program

compfi*sing: a source of tra as ar § packets of conpressed video signal; a
.. source of. transp‘blsﬁh corrpressed audi 0 si gnatc=-a:.cORPULLE: _f_er*----
generating an i nt am associ ated w th sai:diegmressed: agdivo;: and
video signals, sa program ber ng formed ‘rof di fif-er eat :nodul és,
respective said nodul es i ncI udi ng execu® &l e codes or=HETE-=Tand- FREFERF ng a
“directory nodule |Iinking application nodul es; transport processor apparatus
for packeting said nodules into transport packets and groupi ng transport
packets from res(plgés i% dules into transm ssion units, and formng

auxiliary transpor ts including heafer Tniornation for respectfve
transm ssion units; ans for assigni ng f identfi gbnﬁ%fdes SCIDvf to
respective video tran port packets, se f i er codep
SCl Da, to respectijyeg IN0 transpor g rd different
I dentifier codes Spfﬁl; gt}qssespect ive | 2+-Act i ve program transport
packets; a nultipl u;\cr r tinme division MNOtiplexi ng sai d
137 YES AUX PACKET st
: ———»{ GET PREFIX |
PACKET . — GET AUX CC
152 |AND APPEND
[ GET PREFIX |-138
GET CC AND 139
APPEND | 7 4 GET AUXHD
15471 AND APPEND
~140 e
{CC =CC +1 . : GETAUXGP. |
v HEADER [155
GET BASIC HD AND APPEND
AND APPEND }141 y
: GET AUX DATA 1586
AND APPEND _ |
142
NO
MORE AUX
YES YES GPS
' 1
144 NO o
143 Z
GET127BYTES| |GETML-TPU
AND APPEND BYTES AND
APPEND
Y 2
TPU = TPU + 127 TPU = ML 146
7 1 I 158,
CRCHICBC
FIG. 17
ZERO 22 |

148



I nteractive programtransport packets with said audi o, andi\ EET
packets in such fashion that said interactive programis rg
included with said conpressed audio and conpressed video siigp@és....2....Fhe -
apparatus set forth in claim1 further including error codi
I ndependently error coding said header information for respective
transm ssion units in said auxiliary transport packets. -20- 3. The
apparatus set forth in claim2 whereir23ansnission units of nore than one
nodul e may be concurrently avail able, and said transport processor is
conditioned to interl eave conplete transm ssion units fromdifferent
nodul es, but . inhibited fron1|nterleaV|no transport cackegfrfron1d|fferent

transni ssi on uni t APPARALEUS g1O1) L rein said

transport processor is condN HNHHERMfEI‘ﬁEI ’ﬂ&’ SHGIN ALy ectory nodul e,

transm ssion units of .nbdul es of executable codes, and transm ssion gni ts
of nodules of data in the order recited. 5. The apparatus set forth in
claiml wherein said :

Abstract of the Disclosure

Apparatus and a method for formatting executable codes and data, for
reliable and convenient access includes compressing ( 18, 21 ) audio and vidéo
( A/V ) programs. The compressed programs are segmented ( 19,22 ) into
transport packets and identified by first and second service identifiers.
Interactive application programs associated with A/V programs are compiled ( |
10 ) into functional modules and condensed. Further modules designated
"Signal modules", are multiplexed in the packet stream to appropriately
reprogram respective receivers on the occurrence of changes in received signal
components. A module may be executable software or data. A module
includes code/da_ta and a header. Respective modules are segmented ( 14 ) into
transport packets which are formed into transmission units c‘ompfising an
integer number of code/data tramport packets and a header transport packet.
Video packets audio packets and module packets are subsequently time division

multiplexed ( 16 ) for transmission.

Figure 1



transport processor forns transm ssion units frominteger aunbers..of:- - "
transport packets, and transport packets of a transni ssiop pgritzoforwhich:®
there i's insufficient nodule data, are filled with null words. 6., T,

l
apparatus set forth in claim1 further including a conti nuu‘cyocount 3%5 J

counting modulo N, (a positive integer), sdd8essive transﬁmp-pmya%k”e‘t%‘"““‘::

contai ning application nodul e data except -said auxiliary transport packets,
and said transp i ncl udi ?é associ ated sai d successive count

values in said tiransgort padkets, andfi ncluding a predeterm ned count val ue
inall auxiliar tragﬁjrt ¢

=/Q The appar at uTset forth in claiml
further including, ergﬁr cogi ng meanszf_or gener ati ngserror check bits over
respective said jnodulies and |concat enating error che bits to correspondi ng
- ‘modul es. - -21- i aratus set forth in ctaim, further including;
u

a source of signa for conditioning receiver apparatus to suspend
or renew processi I ntpractive
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prograns; wherein said transport brocessor appar at us paCKEtSsz;ckLﬂQdul QS
i

and said nultiplexer tine division nultiplexes said interactifye progrzarngv ,wg
transport packets with associ ated packets of conpressed audi

correspondi ng segnents of said conpressed video signals, and b=sex

packets of said signal nodul es correl at@ysm t h changes of segnents of said
conpressed video signals and programmed to affect the execution of an

i nteractive program associated with a segnment occurring prior to a
respective segnent change. 9. The apparatus set forth in claim8 wherein
sai d conpressed vi dgo AR i ncludes first and second suc i segnents,
said first seagment i etdted with an interactive progra afnd said
second segnent is not as¥ociatedS®ith an interactive program and sai d

mul ti pl exer i con Jlldmoggbulgsl ncl ujmr—gﬁa-l—nvd'u e cont ai ni ng codewor ds
which will copditiomsargTecerver gpparatus to su

b7pr ocessi ng of said

I nteractive. pyogram dgg th jsaid firstsEgnent he occurrence of
sai d second spgrent .| 1DQ ORE fdppar atjus set <<QUOTIENTLTH? 8=nrenei n sai d
conpressed vi Heo signa cludes firpgt and secdO ents, said
first segnent bein% i withjp first -
_ A _ 52 SINGLE
CODE ATEND {” TU
OF MC;DULE _ [ MULTIPLE TU'S|
COUNT | 53
MODULE
BYTES ARRANGE MODULE
* BYTES SEQUENTIALLY | 58
IN MEMORY LOCATION B
DIVIDE MODULE |
BYTENO.BYN.. | - - | - _ *
' ARRANGE HEADER -
BYTES SEQUENTIALLY |59
IN MEMORY LOCATION A [
ADD NULL ARRANGE CONTROL
BYTES INFORMATIONIN 80
MEMORY LOCATION C
MODULE
/ N\ N
TRANSMISSION TRANSMISSION ove TRANSMISSION
UNIT 1 UNIT 2 ' - UNITN

N ' X > X >l |,&<———R>lcnc|zpl
HEADER CODE/DATA HEADERG CODE/DATA HEADER CODE/DATA
FIG. 3

TRANSMISSION UNIT
N\

AUX TP BASIC TP || BASIC TP || BASIC TP || BASIC TP || BASIC TP
PACKET PACKET PACKET PACKET PACKET PACKET

HEADER CODE/DATA CODE/DATA CODE/DATA CODE/DATACODE/DATA
FIG. 4




I nteractive program and sai d second segnent being associ at ed Wlth a second
interactive program and wherein said nmultiplexer is condi ; I oned Lg y@& @g
a signal nodul e containing codewords which wll condi ti on Sai-ds rec

appar atUs, on the occurrence of said second segnent, to store: processing::
status data relating to the current staté8of processing of said first
interactive program then to renove said first interactive programand | oad

and execute said second |nteract|yggggqgram -22- 11. The apparatus set
forth in claim8 wheterfr—sea+d—sot+ee—oF m.c' FeehH-es—-s—sah d conput er
which inserts tine ps in said si JRdNGH | es, which tinefstanps are

associ ated with pariécyl MOOUWLEER of said conpressed video signal, to
synchroni ze execut|i 32 gf TOTAL BYTESIN MODULEWNCLUDINGIORE of |segnent s of

sai d conpressed vi{dg® i MODULE YERSIONRNUMBER the transm ssjon of audio,
vi deo and interactfi 32 doMODUIE TRANSMISSIONUNITBYTE'OPESET Y& program
(hereinafter AVI) cmrlggngrﬂm%@pmmg@qmume conpressed audi o
signal with respective packets Inc UFIIE a5pay oad of audro signal data

TABLE [
BITS EUNCTION
32 APPLICATION IDENTIFIER (AID)
32 DECODER MEMORY REQUIREMENTS FOR APPLICATION
16 TOTAL MODULE COUNT
. for each module
16 POINTER TO MODULE STRING TABLE

16 | MODULE IDENTIFIER

32 . | MODULE VERSION NUMBER

32 LENGTH OF MODULE INCLUDING CRC

32 DECODER MEMORY REQUIREMENTS (IF CODE MODULE)
32 OTHER FLAGS

STRING TABLE FOR MODULE NAMES, STRINGS ARE NULL
TERMINATED

FIG. 6

APPLICATION
/\
/ ' \

DIRECTORY CODE DATA
MODULE MODULE MODULE

FIG. 7




e e Y|

and an identifier SClDai for identifying the transport packe -q§ Gonpalﬁrng:,l\
audi o conponent data; form ng transport packets of conpressﬁ i deg - -Si.gmak.: s
with respective packets including a payload of video data anq an |déht|f|er i
SCIDvi for identifying the transport pac 2 as containing vndeo_geﬂﬁﬁnﬁﬁt———==5
data; generating an interactive application associated with the audio or

vi deo conponents; segnmenting the interactive application into nodul es

simlar to conputer files, respective nodul es containing executabl e codes

or appl|cat|Fn—da£an2—vrdrpg r egpe LﬁﬁhgdeTEs I nt or WUTE—WEaah_
transmni ssMni unit | udi ng—Lntleger | s of.LLanE;gprpackets,
transport pagket inclugjng an idgntifier SQDlerr] f I dentifyjng the
transportvpaEEet as cog‘alnang |ﬁperactiveiLonponentlBata; gengtating a

further transport_pac gt Tof_ respective transmssion units, sald turther
transport acket [hcl uding i sSi i i nf or phti i bi ng
t he inforat e ' ' e

Tt retT ' ;
di vision mul tiplexing the audi o, and vi @: gponent packets with
i nteractive conponent packets, said int e conponent packets being in
transm ssion unit sequence with respective transm ssion units headed by
said

m_ L L [
am2orp i ] - L

| | i i | 1 | b | | [
™M T2 T3 T4 715 T6 Tr T8 T9 Ti0 Ti1 Ti2

S1}1 V D vV | At vV | A2 A ] vV | At \) A2

S2| V D Vv At v D vV | A2 vViD V | Al

ss|v]|o v Jarlv]a]v]a ] vija]vi]o
saf v o[v i an]via]vial] via] v|at
1 1 T T T T T 1 1 1 1
Tt T2 T3 T4 T5 T6 T7 T8 T8 Ti0 Ti1 T2

>

TIME - FIG. 10



further transport packet. -23 - 13. The nethod set fort ‘BEPLmlC&]\mn{Lﬁ» —.:
wherein said SCDDi, SClDai, and SCID[err] are different values. 14. The
method set forth in claim12 wherein said further packet if Diameauxz,l‘l]@,\iylbﬂp

]

transport packet and the met hod of generating an auxili ary-crarsPor

i ncl udes; providing said SCIDDi, a prede?& mned fixed continuity count
- val ue CC, and an auxiliary packet type data-word HD, and concatenating the
count value CC_and the auxiliary packet type data-word HD to the
i dentifier SC KE-gener atinhg an auxiliary group including an guxiliary
L

group data figql AN auxi |l i arTRANSRORE BLOCKsdR8 BMI&ES | ary |group header
i ncluding a cdg AFI D identifying data included in said auxiliary group

data field, and a fiel d AFS-indi_ cating the nunber of bytes of data in said
~auxiliary group data ﬁge,ﬁcgs and conca-tenatl ng the auxiliary group header to

.said SCI DD, frerHE- e er—ant—retuding Satgl transm ssi ungy & header
i nf ormati on |£[C;saggl he | € eI(;T %nill

ary grOUpsng a fi

1 BYTE
CC|HD TRSNSPORT DATA - 127 BYTES
/ 4-BIS™
TYPE| D
FIG. 12
0000 - - AUX
0100 - BASIC
1 BYTE
cc |HD AUX AUX AUX ZS
: GROUP | GROUP GROUP
MF|CFF| AFID | AFS | AH AUX - DATA FIG. 13

8 BITS

L’ AFS = AUX DATA SIZE
AFID = AUX FIELD IDENTIFIER
CFF CURRENT FIELD FLAG (1= NO ZERO PAD)
MF = MODIFIABLE FLAG (1 = DATA MAY BE MODIFIED)
AH = TP PACKETS/MODULE AND CC OF FIRST BASIC PACKET



15. The method set forth in claim14 wherein the nethod of nerating.an

auxi liary transport packet further includes; generating fur e Awehdsngl Yooy |

group header fields, AH, including a first fiel d which i nd| at es th,eg gggqugtj
C

of a transm ssion unit after the occurrence of said auxili ary transport
packet. 16. The nethod of claim 12 further conprising the step of,

interl eaving whol e transm ssion units of different nodul es exclusive of

i nterl eaving respective transport packets of different transm ssion units.
-24- 17. The nmethod set forth in claim12 further including; formng a

di rectory nodul e which includes data indicating the nodules included in an
application; formng the directory rmdu-lg i nt 5 transm ssion unit and
transport packets and Qo
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time division nmultiplexing the directory nodule with the audio, and the
vi deo conponent packets before multiplexing nodul es of said |nteract|v
application. 18. The nethod set forth in claim17 further i
repeatedl’y nul tiplexing transm ssion un|t§ of said directory RERh %FNTDHﬁgr
said application nodules, with said audio £nd vi deo conmponefits, as “an AVl
program 19. The nethod set forth in claim12 or 14 further Hﬁ?ud' """"""
error codi ng each said-nndule _and concaten tlng error check
such nodul e. 20. The |RACKAGE ARRLIGATIGNC i ncl udi ng generating

si gnal nodul es for cond|t|0n|ng%agQELMeL_appaLaLuf ag s? d or renew
processing of said inter FYUMBE Fol:ll formng tfa #t gickets of said
i nteractive application l:ngtﬂ: g ofodul ep; and tine division

mul tipl exi ng the audi o, 1ent transport packets with

associ ated interactive appllcatiqn~LLanspaLL packets, and inserting signal

modul e transport packets c réeratgd changes segnents of segnented
vi deo signal to condition |vers to or resune an
L

interactive application.at_resp rtuue,qunent chapges.

PACK DIRECTORY K
MODULE 103 109

| i WAIT
PACK MODULE | 105 ' NO
7 108

e P‘IOG

_ YES
07
i=MN?

S
NO\/ YES

FROM 103
START | 121 .

GET ML; TUN; TPN [N

Y
[SETTU=0]"123

FIG. 16

SETTPU=0 | 124

FORM TU 7125

TU=TU+1[26

EXIT TO 106



e

21. The nethod according to claim 20, includi ng error codi n%.sjiu dagpalﬁ
files and interactive programfiles and concatenating errolﬂ check bl ts 5.

correspondi ng error coded files. _ \l s 2 ‘QUV .............. ‘

| bate ____,

[ Ratapppolioe Yohuhipst

i ||_

8/8.

FROM 124

¢ EXIT TO 126
SET N YES
TP=01]136

}4 - NO

=z YES AUX PACKET 151
gr=2-= GET PREFIX |
PACKET | —[GET AUXCC

152 |AND APPEND

[GET PREFIX }-138

GET CCAND|_, 4o
APPEND _["GET AUXHD
15471 AND APPEND
- —y
CC =CC +1 140 . ARG
v HEADER | 155
GET BASIC HD AND APPEND
AND APPEND }141 v
AND APPEND _|
142
MORE AUX

YES GPS
et NO 157
143 Y
GET127BYTES| |GETML-TPU
AND APPEND BYTES AND
APPEND
y —3
/1 158,
® CRCH/CRC
FIG. 17
ZERO 149
PAD | TP=TP +1 |-
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