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SCALABLE FILTERING TABLE

RELATED APPLICATIONS

[0001] This application is a continuation-in-part of co-
pending application Ser. No. 09/558,787 entitled BROAD-
CAST RECEIVER, CONTROL METHOD THEREFOR,
AND PROGRAM, which was filed on Apr. 26, 2000. The
co-pending application Ser. No. 09/558,787, CONTROL
METHOD THEREFOR, AND PROGRAM, filed on Apr.
26, 2000, is hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to the architecture of
storage registers and buffers within broadcast receivers or
settop boxes which receive transport streams of digital data.
More particularly, the present invention relates to a scalable
architecture for use in storage registers such as a filtering
table used in a broadcast receiver.

BACKGROUND OF THE INVENTION

[0003] In current settop boxes (STBs,) and broadcast
receivers, processing that separates multiplexed transport
stream data into various types of data (such as video data and
audio data) is performed by hardware. Accordingly, the
FIFO buffer (fixed to a size determined by the maximum bit
rate of input transport stream data), required to temporarily
store input transport stream data, is realized as part of the
hardware.

[0004] The bit rate of the input transport stream data
differs depending on the country, the broadcaster, etc.
Accordingly, after using the hardware to determine the
design, as described above, when an STB for another
destination or another broadcaster is developed, a problem
arises in that since the bit rates of the input transport stream
data differ, the hardware design must be substantially modi-
fied to achieve optimal size (area) so as to prevent the input
transport stream data from overflowing.

[0005] In digital broadcast receiving devices such as set-
top boxes (“STBs”), etc., a multiplexed transport stream of
digital data is received for processing. An overview of
standards for digital transmission is seen in the International
Standard ISO/IEC 13818-1 “Information Technology—Ge-
neric coding of moving pictures and associated audio infor-
mation: Systems,” (hereinafter “MPEG 27) which is herein
incorporated by reference. Although the discussion of prior
art is directed to the transport stream architecture used in
MPEG 2 for exemplary purposes, it is understood that the
invention disclosed herein may be used in conjunction with
any packetized digital stream of data.

[0006] Within MPEG 2 transmission, digital data, such as
the video portion of a movie, is originally packetized into
PES Packets which together form the packetized elementary
stream (“PES”). PES packets are variable in length, includ-
ing a 6 byte protocol header and an optional protocol header.
Because of a variety of technical limitations, from synchro-
nization, jitter control, and error management, packets of
this length are not well suited for point-to-point broadcasts
in a broadcast media. Within MPEG 2 therefore, separate
standards exist for “lossless” environments, such as a DVD
movie being shown at home, and “lossy” environments,
such as point-to-point digital broadcasts. The preferred
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approach for a “lossless” medium is a “program stream” and
the preferred standard for a “lossy” medium is a transport
stream (TS). Within a Transport stream, each PES packet is
further divided up into standardized transport stream packets
(“TSP”s) which are defined by a fixed length of 188 bytes.
FIG. 1 shows digital audio information 100 being pack-
etized into a set of variable length PES packets 102-110.

[0007] Further packetization is illustrated using PES audio
packet C 106, which is seen to be further packetized into
multiple fixed length transport stream packets 120-126. As
noted, the MPEG 2 standard has fixed these packets to a
length of exactly 188 bytes. FIG. 2 illustrates digital video
information 200 being packetized into variable length PES
packets 202-210. PES video packet C 206 is seen to be
further packetized into multiple fixed length transport stream
Packets 220-228.

[0008] FIG. 3 illustrates how a PES packet is broken up
and stored in a series of transport stream packets. A simpli-
fied PES packet 300 is shown comprising a header 302 and
a data payload 304. Although a PES packet is a continuous
stream of data, the payload 304 is broken up into imaginary
partitions 306-312 for illustrative purposes, delineated by
dotted lines. The PES packet is sent in a series of transport
stream packets 320, 322, 324 and 326. Each of the transport
steam packets 320-326 include a header and a data payload.
When broken up and stored in a series of transport stream
packets 320-326, the PES header 302 is stored in the first
portion of the payload 340 of the first transport stream
packet 320. The remaining area of the payload 340 of the
first transport stream packet 320 is filled with data 306 from
the PES packet payload 304. The next data 308 from the PES
packet payload 304 is stored in the payload 342 of the
second transport stream packet 322. The next data 310 from
the PES packet payload 304 is stored in the payload 344 of
the third transport stream packet 324. The process continues
through to the last data 312 in the PES packet payload 304
which is stored in the payload 346 of the last transport
stream packet 326 formed from that PES packet 300.
Because all transport stream packets must be 188 bytes in
length, if the last remaining data 312 from the PES payload
304 is not large enough to fill the payload 346 of the final
transport stream packet 326, the unused portion of the final
payload 346 is filled with stuffing bytes OxFF (all ones).

[0009] FIG. 4 is a more detailed representation of a PES
Packet as seen in FIGS. 1 (102-110), FIG. 2 (202-210) and
FIG. 3 (300). According to FIG. 4, a PES Packet 400
comprises a six-byte header 402, an optional PES header
404 ranging from three to two-hundred fifty-nine bytes, and
a payload 406 of up to 65,526 bytes. The PES packet header
402 itself comprises a three-byte start code prefix 410, a
one-byte Stream ID 412, and a two-byte PES packet length
indicator 414. Some well known Stream IDs 412 include:

[0010] 1.110x xxxx—MPEG-2 audio stream number

X XXXX.

[0011] 2.1110 yyyy—MPEG-2 video stream number
yyyy; and

[0012] 3. 1111 0010—MPEG 2 DSC-CC control
packets.

[0013] The PES optional header 404 includes a two bit
PES_Scrambling_Control 422 which defines whether
scrambling is used and the chosen scrambling method, a 1
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bit PES Priority indicator 424 which indicates the priority of
the current PES packet 400, a one-bit data alignment indi-
cator 426 for indicating if the payload 406 starts with a video
or audio start code, a one-bit copyright indicator 428 show-
ing if the information contained within the payload is
copyright protected, a one-bit original-or-copy indicator 430
showing if this is a copy or an original elementary stream.
The one-byte flag field 432 indicates whether certain other
optional fields exist in the optional field 436 area. These
flags 432 (and their corresponding optional data fields if they
exist) include a “presentation time stamp” (“PTS”), and a
“decode time stamp (“DTS”) flag 440. The decode time
stamp is necessary because video pictures may arrive at the
decoder in a different order than they will be presented.
Accordingly, it is possible that a picture will have to be
decoded some time before it is presented for viewing in
order to allow the decoded portion to act as a reference for
a B picture. The DTS therefore indicates the time wherein
the packet must be decoded. The PTS indicates the time
when the picture must be presented. As discussed in con-
junction with FIGS. 6 and 7, the PTS and DTS time stamps
are encoded by the encoder’s clock. The decoder clock must
therefore reference itself to these time stamps. These pre-
sentation time stamps and decode time stamps which are
introduced at the PES level should not be confused with the
program clock reference (PCR) 516 (FIG. 5) which is stored
in the adaptation field 514 of a transport stream packet 504,
and also explained further in conjunction with FIG. 7.

[0014] Returning to the PES packet, an ESCR flag 442
indicates the presence of an elementary stream clock refer-
ence in the optional field 436. An elementary stream rate flag
444, if on, signals an optional field with information on the
rate at which the elementary stream was encoded. The trick
mode flag 446 indicates that the audio or video is not the
normal elementary stream. This might occur, for example,
after DSM-CC has signaled a replay. Following the addi-
tional copy info flag 448, the PES CRC flag 450 indicates the
presence of a cyclical redundancy checksum within the
optional field 436 to facilitate error checking for the previ-
ous PES packet. The PES extension flag 452 indicates the
presence of data used for supporting MPEG-1 streams.
Because the presence of optional fields 436 indicated by
these flags creates an uncertain length of the total header
area, a one-byte PES header data length field 434 helps
define the total length of the header, which has the corollary
effect of defining the length of the payload 406. Stuffing
bytes 438 may be used to fill out a PES packet to a desired
length.

[0015] FIG. 5 discloses the syntax of a transport stream
packet according to MPEG 2 standards. In order to manage
the transport stream 616 (FIG. 6) and identify the compo-
nent packets 120-126 (FIG. 1), 220-228 (FIG. 2), within the
transport stream 616, each transport stream packet (“TSP”)
has various overhead fields. Each transport stream packet
502, 504, 506, holds exactly 188 bytes. Each packet 502-506
is made up of a header 508 and a payload 510. The
illustration of FIG. 5 includes a blow-up or expanded
portion of the header 508, which is seen to include a packet
identifier or PID field 512 among other fields. The PID field
512 is currently thirteen bits in length, ranging in hex values
from 0000 to 1FFF, currently assigned as follows:
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TABLE 1

Values for PID Field

Value Description

0x0000 Program Association Table

0x0001 Conditional Access Table

0x0002 Transport Stream Description Table

0x0003-0x000F
0x0010 through Ox1FFE

Reserved

May be assigned as network_PID,
Program__map, elementary-PID, or for other
purposes.

Ox1FFF Null Packet

[0016] According to the Table I, the PIDs in the range of
0x0010 through OXIFFE are used as identifiers for a par-
ticular type of data in a data stream, thereby distinguishing
the audio and video packets of FIGS. 1 & 2. As previously
noted, the “type” of data, whether audio or video, is stored
in the PES packet. Accordingly, the PID is not used to
designate the “type” of data, but is simply an identifier
arbitrarily assigned to a particular collection of transport
stream data packets. As noted earlier, the transport stream
packet 504 includes a program clock reference (PCR) 516 in
the adaptation field 514, the function of which will be
explained further in conjunction with FIG. 7.

[0017] The fragmentation of the PES Packet 300 into
multiple transport stream packets according to FIGS. 1-3 is
not the final step in creating a transport stream. FIG. 6
illustrates a block diagram of a system for encoding, pack-
etizing and multiplexing audio and video data into a trans-
port stream. Video data 602 is input into a video encoder 604
where the video data is appropriately encoded. The encoding
process refers to the preparation of PES packets, and may
also involve the use of various compression schemes for the
payload of the PES packet. MPEG 2 does not specify or limit
the data format in the payload of the transport stream packet,
and only sets forth a standard for the syntax of the transport
stream packets themselves. Accordingly, the video encoder
604 and audio encoder 610 have the capability to utilize data
compression techniques, or any other form of data manipu-
lation. MPEG 2 transmission is not dependent on the type of
data being stored in the payload. The data may be com-
pressed, uncompressed, audio, video, games, or software.
However, it is vital that the decoder at the other end of the
stream is compliant, or the information in the PES payload
will be meaningless. When transmitting audio and video
data, the decode time stamp (DTS) and presentation time
stamp (PTS) are added during the encoding process. These
time stamps are not needed for other types of data which can
theoretically be transmitted over MPEG 2, such as software,
games, or still photographs.

[0018] An output of the video encoder 604 is coupled to a
packetizer circuit 606 where the encoded video data is
packetized, forming a PES stream. Audio data 608 is input
into an audio encoder 610 where the audio data is appro-
priately encoded. An output of the audio encoder 610 is
coupled to a packetizer circuit 612 where the encoded audio
data is also packetized, forming an audio PES stream.
Presentation time stamps and decode time stamps are typi-
cally generated at the encoders 604, 610, and respectively
inserted into the PES packet header 404 by the packetizers
606, 612. As a result, video and audio data which are related,
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belonging to the same TV program or movie, are marked
with the same time stamp by encoders using the same clock
reference. Accordingly, the video and audio portions of the
same movie or TV program, though transported in separate
digital packets, can be reconstructed and synchronized at the
output, thereby maintaining “lip synch.” The packetized
video data from the packetizer circuit 606 and the packetized
audio data from the packetizer circuit 612 are then sent to a
transport stream multiplexer circuit 614 where the packets of
encoded audio and video data are then multiplexed together
into a single transport stream 616. Accordingly, the transport
stream packetization illustrated in FIGS. 1-3 takes place in
the transport stream multiplexer 614 of FIG. 6. The trans-
port stream multiplexer 614 then generates a time-multi-
plexed stream of data 616 as represented by the transport
stream packets 220, 222, 120, 224, 122, 124, from FIGS. 1
and 2.

[0019] A time stamp called a program clock reference 516
(FIG. 5) is embedded in the extended header of select audio
or video transport stream packets at the transport stream
packetizing and multiplexing stage. The clock references
occur at intervals up to 100 msec in a transport stream.
Accordingly, MPEG standards require that the PCR be
transmitted at least once every 100 msec. When the data
stream is eventually received at an output, a phase-lock loop
is used by the receiver to synchronize the receiver to the
PCR value in the transport stream packet, and to adjust the
local clock accordingly. This ensures that the movie or TV
program will be displayed at the same speed it is being
transmitted, without faster or slower portions. This feature is
needed largely because transport stream packets are intro-
duced to the transport stream asynchronously. That is, the
length of time separating two successive video transport
stream packets may be longer than the “actual” time sepa-
rating the moving events pictured by the packets. Similarly,
two packets may be transmitted consecutively with less
transmission time separating them than actually occurred in
real life. Without PCR values to guide the receiver, a video
display would undulate—in an “accordion” fashion . . . fast,
slow, fast, slow—according to the time between transport
stream video packets. With the PCR values, the receiver
regulates the presentation of the data to the same speed at
which it was transmitted. This is particularly important in a
“lossy” environment such as broadcast transmission. If a
certain fraction of packets are interrupted due to noise or
interference, the receiver can, upon receipt of the next PCR
value, re-orient itself with the broadcaster. If, however,
because the multiplexing of audio and video components of
the same TV program are asynchronous, the program clock
reference within the transport stream packets does not
guarantee that the relative stream position of the audio
packets to the video packets creates a proper time reference
between them.

[0020] FIG. 7 shows the time-multiplexed transport
stream 616 of FIG. 6 as it is demultiplexed and processed
into the original digital audio information 100 and video
information 200. The transport stream 616 enters an input of
a transport stream demultiplexer 702, which separates the
transport stream 616 into separate audio and video compo-
nents. The video component is transmitted from a video
output of the transport stream demultiplexer to an input of a
video decoder 706 and output as a decoded video stream
710. The audio component is transmitted from an audio
output of the transport stream demultiplexer 702 to an input
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of an audio decoder 708 and output as a decoded audio
stream 712. As noted, if a video packet must be examined in
an order different than it is to be presented to help interpret
the contents of other packets, the decode time stamp value
will define this order. The presentation time stamp values
relate video and audio data from the same movie to ensure
lip synch between the video and audio portions. The decoder
clock must therefore reference itself to these time stamps.
The decode and presentation time stamp values are static in
the sense that they are equally applicable for a broadcast
transmission of a movie, or the storage of a moving picture
on a DVD. The program clock reference value, on the other
hand, is necessary only in transport stream environments
such as broadcast video, wherein a receiver must remain
synchronized.

[0021] In digital TV broadcasting, multiple TV programs
and movies can be multiplexed into a single MPEG-2
transport stream, forming a multicast. The audio and video
encoders for the same movie must be synchronized to the
same clock to ensure synchronization, but unrelated movies
and programs need not be synchronized, and therefore, may
be encoded independently using different encoders with
different time bases. FIG. 8 is similar to FIG. 6, but
illustrates the multiplexing process when multiple TV pro-
grams or movies are multiplexed into a single transport
stream. Program_ 1 is a musical TV program of a vocal
concert. The video data 802 from program__1, symbolized in
FIGS. 8-10 by a human figure, enters the input of the first
video encoder 804. After encoding, it is directed to the input
of a PES packetizer 806, forming the video_1 program
elementary stream (PES) 816. The audio data 810 of pro-
gram__1, symbolized by a musical note, enters the input of
the first audio encoder 812. After encoding, it is directed to
the input of a PES packetizer 814, forming the audio_ 1 PES
818. Clock 1808 is used to create a common time base for
the presentation time stamps stored within the optional field
436 of the PES packet of FIG. 4. These time stamps are
thereby embedded in the packets comprising the video 1
program elementary stream 816 and the audio 1 program
elementary stream 818, thereby ensuring that they are ref-
erenced against the same time base. This allows the decod-
ing process to synchronize the video and audio portions of
program__1 when the concert is reproduced at a user output
such as a TV. English subtitle_1 data 852 is used for
exemplary purposes to illustrate that any number of other
component parts, such as subtitles, could be associated with
program__1. Because subtitles must be synchronized with
the audio and video portions, the PES packetizer 854 of the
English subtitle 1 data is also controlled by the clock 808
associated with program_ 1.

[0022] Program_ 2 is a movie, the video portion of which
is graphically symbolized by a dog. The video data 820 from
program_ 2 enters the input of the second video encoder
822. After encoding, it is directed to the input of a PES
packetizer 824, forming the video_ 2 program elementary
stream 832. The audio data 826 of program_ 2, symbolized
by a graph of a sound envelope of a dog barking, enters the
input of the second audio encoder 828. After encoding, it is
directed to the input of the audio PES packetizer 830,
forming the audio_ 2 PES program elementary stream 834.
Program_ 2 is also seen to have an English subtitle compo-
nent 860 which is similarly processed. Clock 2 is similarly
used to generate a common time base for the presentation
time stamps stored in the optional field 436 of a PES packet
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as illustrated in FIG. 4. The presentation time stamps are
thus embedded in the video_ 2 PES packets forming the
video_ 2 program elementary stream 832, the audio_ 2 PES
packets 834 and the English subtitle 2 PES packets 864 to
allow synchronization upon decoding. Because program__1
and program_2 are unrelated, and do not need to be
synchronized with each other, separate clocks 808, 836 may
be used for the separate programs. The video_ 1 program
elementary stream 816, audio_1 program elementary stream
818, English subtitle 1 program elementary stream 856,
video_ 2 program elementary stream 832, audio_ 2 program
elementary stream 834, and English subtitle 2 program
elementary stream 864 are input into a transport stream
multiplexer 840. The multiplexer 840 further packetizes the
PES packets into transport stream packets, as previously
illustrated in FIGS. 1-3 discussed above, and time multi-
plexes them into a common multi-program transport stream
850, as further illustrated in FIGS. 9 and 10. The clock
circuit 3842 is coupled with the transport stream multiplexer
840 to generate program clock reference (PCR) time stamps
stored in the PCR field 516 (FIG. 5) of the packets within
the transport stream 850. These time stamps are embedded

in select transport stream packets 1002, . . . , 1028 (FIGS.
10, 11).
[0023] FIG. 9 illustrates an example of two transport

streams TS1 and TS2 multiplexed into a single transport
stream, TS3. Packets from the transport stream TS1 are
illustrated as having a series of time stamps from a first
multiplexing process, the time stamps represented as PCR
1-a and PCR 1-b. Similarly, the packets from the transport
stream TS2 are illustrated as having a series of time stamps
from a second multiplexing process, the time stamps repre-
sented as PCR 2-1 and PCR 2-b. When the two transport
streams TS1 and TS2 are multiplexed into a single transport
stream, TS3, the multiplexing process strips out the old PCR
time stamps from the transport stream packets of TS1 and
TS2, and inserts new PCR time stamps, illustrated as PCR
3-a, PCR 3-b, PCR 3-¢ and PCR 34 in the succession of
transport stream packets. In addition to updating some of the
time stamps, other overhead features such as new PIDs are
typically updated as well, and new program map tables
PMTs are generated to reflect the information contained in
the new combined stream. These overhead changes are
largely transparent to the end user, however, and the payload
data from the original data stream remains unaffected when
the streams are combined. FIG. 9 illustrates packets com-
prising payload data and select overhead data being com-
bined from the transport streams TS 1 and TS 2 into the
transport stream TS3. The illustration shows the select
overhead data being updated in transport stream 3 while the
payload data in the form of Video 1 and Video 2 remain
unaffected.

[0024] FIG. 10 is an illustration of an exemplary multi-
program transport stream 850 generated through the multi-
program multiplexing apparatus of FIG. 8. The multi-
program transport stream 850 is comprised of a series of
transport stream packets 1002, . . . , 1028. In this example,
video_ 1 transport stream packets 1002, 1012, 1024 have
been assigned a PID of 0027h by the transport stream
multiplexer 840 of FIG. 8. The audio 1 transport stream
packet 1006 has been assigned a PID of 0034h, the video_ 2
transport stream packets 1004, 1010, 1020 have been
assigned a PID of 0061h, and the audio_ 2 transport stream
packet 1016 has been assigned a PID of 0042h. Two separate
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English subtitles transport stream packets 1026, 1028 are
respectively assigned PIDs of 0039h and 0051h, and a
French subtitle transport stream packet 1022 has been
assigned the PID of 0072h.

[0025] Because the time-multiplexing is asynchronous,
there is no reliable way of relating a subtitle or audio portion
of a program or movie to its respective video portion simply
by its respective position in the transport stream 850. In
order to relate the correct component parts of the same
program during output processing, multi-program transport
streams 850 have additional transport stream packets not
typically found in the single program transport stream 616
(FIG. 6). These additional transport stream packets include
a program association table (PAT) 1008, which is always
assigned a PID of zero, and multiple program map tables
(PMTs) 1014, 1018. The function of these transport stream
packets can be understood by examining the blow-up ver-
sions of the PAT 1008 and the PMTs 1014, 1018 in FIG. 10.
The PAT 1008 lists all programs currently included in the
transport stream. As seen in FIG. 10, there are five pro-
grams, each cross referenced to PID numbers representing
that program. For as many programs as are referenced in the
PAT 1008, the transport stream includes a program map table
(PMT) designated by the PID referenced in the PAT 1008.
Program_ 1 has a PID value of 0025h, and program_ 2 has
a PID value of 0057h. Examining the blow up of the PMT
1016 of program_ 1, it is seen that the video transport
packets having a PID value of 0027h, the audio transport
stream packets having a PID value of 0034h, and the English
subtitle transport stream packets having a PID value of
003%h are all component parts of program_ 1, the vocal
concert. Similarly, examining the blow up portion of PMT
1018 of program_ 2, it is seen that the video transport stream
packet having a PID value of 0061h, the audio packets
having a PID value of 0042h, the English subtitle packets
having a PID value of 0051h and the French subtitle packets
having a PID value of 0072h are all component parts of
program_ 2, an animal movie. By regular transmission of
the PAT 1008, a broadcast receiver is able to know how
many programs are present, and the PID of the respective
PMTs 1014, 1018 of those respective programs. A “channel
selection” or program schedule for cable TV may thus be
generated with the assistance of the PAT 1008. Once a user
selects a particular channel or program, the broadcast
receiver 1200 (FIG. 12) identifies the component parts of
that channel by referencing the PMT 1014, 1018 of that
particular channel. It should be understood that the other
programs 3, 4, 5 within the PAT also have a corresponding
PMT.

[0026] FIG. 11 shows the multi-program transport stream
850 of FIGS. 8 and 10 being filtered through a prior art
filtering table 1102 of a broadcast receiver. Upon selection
of a program by a user, the PAT identifies the PMT for that
program. In the example of FIG. 11, the filtering table 1102
can be seen to hold the PAT 0000h, the PMT 0025h for
program__1, and the video 0027h, audio 0034h, and subtitles
003%h associated with program_1 according to the PMT
1014. Additionally, the filtering table 1102 identifies two
hypothetical overhead PIDs, 00A2 and 07B0. According to
the exemplary system illustrated in FIG. 11, therefore, there
are currently seven PIDs identified in the filtering table 1102.
The filtering table 1102 acts to receive only those transport
stream packets defined by an approved PID listed in the
filtering table 1102. An examination of the transport stream
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packets 1002, 1006, 1008, 1012, 1014, 1024, 1026 stored in
the filtered packet input FIFO buffer 1104 discloses that they
are the same packets in the same order as found in the
multi-program transport stream 850, except that those pack-
ets identified by PIDs not listed in the filtering table 1102
have been filtered out, and are not stored in the filtered
packet input FIFO buffer 1104. Only the approved transport
stream packets 1002, 1006, 1008, 1012, 1014, 1024, 1026
from the transport stream 850 which include PID values
matching those within the filtering table 1102 are received
and stored in a general input FIFO buffer 1104. From the
general input FIFO buffer, the filtered transport stream
packets are sent to a demultiplexer 1106, and are separated
into their component PIDs in various component buffers,
such as an audio buffer 1108 for packets that include the
audio PID 0034h, and a video buffer 1110 for video packets
that include the PID 0027h.

[0027] Filtering tables currently used in broadcast receiv-
ers typically have thirty-two PID registers to select transport
stream packets. Because filtering tables currently in use are
a fixed hardware component, broadcast receivers cannot be
configured for filtering more than thirty-two distinct PIDs.
There are two disadvantages of this fixed architecture. First,
the number of PIDs required to be included in the filtering
table could exceed the capacity of the filtering table. To
upgrade a fixed architecture filtering table requires a costly
hardware update. Moreover, upgrading a filtering table with
a new fixed architecture filtering table of greater capacity
does not resolve all issues. It is commonly recognized by
those skilled in the art that digital devices normally operate
at a more rapid speed in the “lower” addressable regions.
Accordingly, if a filtering table were expanded to some great
number of registers, it would be very flexible, but not
optimal in terms of speed or cost. These conflicting interests
create a dilemma in the manufacture of filtering tables. An
optimal filtering table is the smallest size necessary to
function in a given application at a given time. However, the
most flexible filtering table is the one with the largest
capacity, such that it can store more PIDs or other param-
eters as more PIDs are allocated to define more kinds of data.

[0028] A second limiting factor in fixed architecture fil-
tering tables is the bit field for storing the PID. Currently, as
established by international standard ISO/IEC 13818-1, the
PID bit field is thirteen bits. If international standards
increase the bit field 512 (FIG. 5) designated for storage of
the PID in MPEG 2 from thirteen bits to some greater
number, present fixed architecture filtering tables will be
obsolete, and must again be upgraded. Again, however,
creating an unnecessary large bit field for “growth” is again
a sub-optimal solution. The same dilemma, optimum flex-
ibility for growth vs. optimum efficiency in cost and per-
formance is repeated.

[0029] Another limitation of the prior art is experienced
through the actual data storage. An optimal FIFO Buffer
1104 is the smallest necessary to store the incoming data.
However, the bit rate of a data transport stream 850 differs
according to country, broadcaster, and even through momen-
tary changes in the system use. Because the FIFO Buffer
1104 and the post-multiplexing buffers 1108, 1110 must be
able to store incoming data as fast as it is received through
the filtering table 1102, a fixed hardware structure as pres-
ently used limits the rate at which input data may be
received. With fiber optical transmission and processing
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technology advancing rapidly, the ever faster input rates for
incoming data create the corollary need for a greater capac-
ity among the input buffers. Alternatively, faster processing
of incoming software might reduce the required size of any
of the input buffers 1104, 1108, 1110. Similarly, without any
changes in transmission rate or processing speeds, one
program may have five languages, and closed captioning in
each. Another may simply be broadcast in one language with
no closed captioning. These differences mean that different
amounts of data will be filtered through the filtering table
and marked for storage in the various buffers, requiring
buffers of greater or lesser storage capacity. Accordingly,
even without technological advances, the input tables 1104,
1108, 1110 may prove too small, thereby limiting the pro-
gramming receivable by the broadcast receiver, or too large,
thus being sub-optimal. The same dilemma arises again in
fixed architecture data buffers such as the filtered packet
input FIFO buffer 1104, and the post-multiplexing data
buffers such as the audio buffer 1108 and video buffer 1110.
The optimal size on a FIFO input buffer 1104 for perfor-
mance and cost is typically the smallest size necessary to
satisfy system demands. However, if the FIFO input buffer
1104 is optimized to the smallest functional buffer, as the bit
rate increases for any variety of reasons, the hardware
comprising the FIFO input buffer 1104 must be replaced
with a buffer of greater capacity to prevent the filtered
transport stream data from overflowing. Similarly, the audio
buffer 1108 and video buffer 1110 may not be increased or
decreased without new hardware.

[0030] A final limitation of the prior art stems from the fact
that hardware is configured for a fixed number of “filtered-
data buffers” such as the audio buffer 1108 and the video
buffer 1110. A broadcast in forty languages would require
not only forty or more registers in the filtering table 1102, it
could, depending on the architecture, require over forty
post-demultiplexing buffers 1108, 1110 in which to segre-
gate incoming data. Once again, a hardware architecture
which is mapped with a fixed number of filtered-data buffers
must be replaced with a new chip to respond to the changing
demands for the number of storage buffers, as well as the
capacity of each of those buffers as already noted. With a
fixed architecture, the alternatives are, again, conflicting. A
broadcast receiver with a greater number of buffers 1104,
1108, 1110 is more flexible, but a broadcast receiver with the
minimal number of buffers necessary is optimal in terms of
cost and efficiency.

SUMMARY OF THE INVENTION

[0031] The present invention provides a flexible memory
architecture that allows a filtering table to be scaled to an
optimal number of parameters without performing a hard-
ware upgrade to the system including the filtering tables.
The present invention further provides a flexible memory
architecture that allows a filtering table to be scaled to
accommodate variable bit lengths of PIDs or other packet
parameters as standards are upgraded or changed. The
present invention further provides a flexible memory archi-
tecture that allows a FIFO input buffer and various filtered-
data buffers to be scaled to an optimal size in response to
changing bit rates of an incoming digital stream. The present
invention further provides a flexible memory architecture
which allows the creation of an optimal number of filtered-
data buffers for storing different types of de-multiplexed
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data in response to changing character of a data transport
stream or changing specifications within the filtering table.

[0032] According to the present invention, a broadcast
receiver processes digital data from a multiplexed digital
transport stream. The transport stream comprises a plurality
of transport packets, wherein each transport packet is
defined by a parameter identifier. The broadcast receiver
comprises a receiving unit for receiving the multiplexed
transport stream, a memory area for storing incoming digital
data, a scalable filtering table for identifying at least one
parameter identifier among a potential plurality of parameter
identifiers within the multiplexed transport stream data, the
scalable filtering table comprising a first logical register for
storing a digital value corresponding to a parameter identi-
fier within a transport packet, wherein the filtering table
allows a transport packet defined by a parameter identifier
having a corresponding digital value stored within the
filtering table to be stored in the memory area of the
broadcast receiver; and a controller configured to vary a
number of logical registers within the scalable filtering table,
to optimally store a select number of distinct digital values
within the filtering table corresponding to select parameter
identifiers. According to one embodiment, the parameter
identifier is a packet identifier in an MPEG 2 digital trans-
port stream. The controller is configured to generate a digital
value according to a packet identifier present within a
transport packet within the transport stream and to store the
digital value within the first logical register of the scalable
filtering table. According to one embodiment, the controller
is capable of scaling a bit length of each logical register
according to a select bit length, which is advantageously
determined by the controller by measuring a maximum bit
length of the packet identifiers within the multiplexed trans-
port stream. The scalable filtering table is advantageously
comprised of an erasable medium capable of storing digital
information. As an erasable medium, the scalable filtering
table may be dynamically re-scaled and re-configured as
often as necessary to conform to dynamic changes in trans-
port stream parameters.

[0033] A broadcast receiver receives digital data from a
multiplexed transport stream. The transport stream com-
prises a plurality of transport packets, wherein each transport
packet is defined by a packet identifier. The broadcast
receiver comprises a receiving unit for receiving the multi-
plexed transport stream, a filtering table for identifying at
least one packet identifier among a potential plurality of
packet identifiers within the multiplexed transport stream, a
scalable input buffer for receiving input data from the
multiplexed transport input stream a scalable input buffer,
and a controller for scaling the scalable input buffer. The
controller scales the scalable input buffer according to a bit
rate of the multiplexed transport input stream. According to
one embodiment, the controller generates a plurality of
scalable input buffers, including post-multiplexing input
buffers for storing a homogeneous data type selected from a
group including video data, audio data and system data.

[0034] One embodiment of the present invention com-
prises a method of scaling a filtering table within a broadcast
receiver. The filtering table comprises a first column in an
erasable digital medium, wherein the scaling filtering table
is used to assist in selectively filtering select data packets
from a multiplexed transport stream of digital data compris-
ing a plurality of data packets. The method comprises the
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steps of determining a desired number of select digital
parameters from among a first family of digital parameters,
mapping the first column to create a first select number of
digital fields such that the first select number of digital fields
sufficient to store the select digital parameters; and storing
the select digital parameters from among the first family of
digital parameters in respective digital fields within the first
column. According to one embodiment, the first family of
digital parameters is the packet identifier of an MPEG 2
transport stream packet. According to one embodiment, the
scalable filtering table further comprises a second scalable
column for storing a second family of digital parameters.
The size of the second column is established by determining
a desired number of select digital parameters from among
the second family of digital parameters, mapping the second
column to create a second select number of digital fields
such that the second select number of digital fields within the
second column is sufficient to store the select digital param-
eters from among the second family of digital parameters,
and storing the select digital parameters of the second family
of digital parameters in respective digital fields within the
second column. According to one embodiment, the field size
necessary for storing a second digital parameter from among
a second family of digital parameters is determined by
measuring the field size of a the second digital parameter
within the multiplexed transport data stream from the second
family of digital parameters and mapping a second digital
field within the second column such that the second digital
field is large enough to store the second digital parameter.

[0035] These and other advantages will become apparent
to those of ordinary skill in the art after having read the
following detailed description of the preferred embodiments
which are illustrated in the various drawings and figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] The accompanying drawings, which are incorpo-
rated in and form a part of this specification, illustrate
embodiments of the invention and, together with the
description, serve to explain the principles of the invention.

[0037] FIG. 1 illustrates digital audio information from a
“continuous” collection of digital audio data being pack-
etized into PES packets, which are further packetized into
transport stream packets.

[0038] FIG. 2 illustrates digital video information from a
“continuous” collection of digital video data being pack-
etized into PES packets, which are further packetized into
transport stream packets.

[0039] FIG. 3 illustrates a more detailed diagram of a PES
packet being divided into a plurality of transport stream
packets.

[0040] FIG. 4 illustrates the fields within a PES packet.

[0041] FIG. 5 illustrates the fields within a transport
stream packet according to standards recommended for
MPEG 2 transport stream transmission.

[0042] FIG. 6 shows the encoding of a single program
transport stream.

[0043] FIG. 7 shows the decoding of a single program
transport stream.

[0044] FIG. 8 shows the encoding of a multi-program
transport stream.
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[0045] FIG. 9 illustrates the process of combining two
separate transport streams into a single transport stream.

[0046] FIG. 10 shows component portions of a multi-
program transport stream, including the program association
table, and program map tables.

[0047] FIG. 11 shows the filtering and storage of a multi-
program transport stream according to a filtering table of
fixed topology found in the prior art, and stored in buffers of
a fixed topology according to the prior art.

[0048] FIG. 12 shows component portions of a broadcast
receiver.
[0049] FIG. 13 is an illustration of a scalable memory area

including a scalable filtering table and scalable buffers.

[0050] FIG. 14 illustrates alternative approaches for scal-
ing a filtering table to accommodate variable length PIDs
according to the present invention.

[0051] FIG. 15 illustrates an application of a masked
comparison in the filtering process.

[0052] FIG. 16 illustrates a scalable memory area for
accommodating a greater or fewer number of values accord-
ing to the present invention.

[0053] FIG. 17 illustrates a flow chart for scaling input
buffers on power up.

[0054] FIG. 18 illustrates various scalable parameters
within a scalable filtering table.

[0055] FIG. 19 illustrates two different views of the same
filtering table, variously scaled for five values and twelve
values.

[0056] FIG. 20 is a flow chart illustrating the automatic
re-scaling of a filtering table in response to user program
selection.

[0057] FIG. 21 is a flow chart illustrating the automatic
re-scaling of the field size of a given parameter in the
filtering table in response to a variation in the bit-length of
the incoming parameter.

[0058] FIG. 22 illustrates a multi transport stream filtering
unit and settop box.

DETAILED DESCRIPTION OF THE
INVENTION:

[0059] Reference will now be made in detail to the pre-
ferred embodiments of the invention, examples of which are
illustrated in the accompanying drawings. While the inven-
tion will be described in conjunction with the preferred
embodiments, it will be understood that they are not
intended to limit the invention to these embodiments. On the
contrary, the invention is intended to cover alternatives,
modifications and equivalents, which may be included
within the spirit and scope of the invention as defined by the
appended claims. Furthermore, in the following detailed
description of the present invention, numerous specific
details are set forth in order to more fully illustrate the
present invention. However, it will be apparent to one of
ordinary skill in the prior art that the present invention may
be practiced without these specific details. For example,
although reference is made to transport stream architecture
according to ISO/IEC 13818-1 (MPEG 2) standards, those
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skilled in the art will understand that the objects of the
present invention are applicable in any digital transport
stream comprising packetized data which is distinguishable
through a digital code or codes contained in a packet header.
In other instances, well-known methods and procedures,
components and processes have not been described in detail
so as not to unnecessarily obscure aspects of the present
invention. For example, there are numerous fields within a
transport stream packet header 508 (FIG. 5) which are
subject to evaluation by a filtering table discussed herein.
Specific reference is made to the PID field, and general
reference is made to “parameters.” Those skilled in the art
will understand that a general reference to “parameters™ is
not limited to the PID field as recited in specific examples
herein, but that the principles are applicable to any digital
field, particularly those fields which comprise the transport
stream header according to the MPEG 2 morphology
depicted in FIG. §, and is applicable to any parameters
stored in a packet header of any transport stream.

[0060] As used herein, the term register refers to a
memory storage location including a register, entry and/or
field including a memory storage location on a magnetic
medium, within a flash memory, RAM or any other appro-
priate memory storage.

[0061] Some portions of the detailed descriptions which
follow are presented in terms of procedures, logic blocks,
processing, and other symbolic representations of operations
on data bits within a computer memory. These descriptions
and representations are the means used by those skilled in
the data processing arts to most effectively convey the
substance of their work to others skilled in the arts. A
procedure, logic block, process, etc., is here, and generally,
conceived to be a self-consistent sequence of steps or
instructions leading to a desired result. These steps are those
requiring sensing or physical manipulations of physical
quantities.

[0062] FIG. 12 shows the structure of a broadcast receiver
or Settop Box 1200 according to one embodiment of the
present invention.

[0063] A user uses an input unit 1205 to select a channel
or program being broadcast over a multi-program transport
stream. Additionally, the input unit 1205 may perform
functions such as selecting options, switching-on and reset-
ting of the main power, etc. The input unit 1205 supplies an
operation signal to a control unit 1203 via a bus 1208. Those
skilled in the art will understand however that the separate
component parts 1202-1207 could be merged into a single
integrated control unit capable of performing the multiple
functions represented by the individual blocks in FIG. 12.
Accordingly, the bus 1208 is optional according to the
architecture of the Settop Box 1200.

[0064] A receiving unit 1202 receives externally-supplied
multiplexed transport stream data, and supplies the received
transport stream data to a main memory 1204 via the bus
1208. The receiving unit 1202 includes a tuner, a demodu-
lating circuit, and an error correcting circuit.

[0065] According to the details of FIG. 13, the main
memory 1204 includes a program area 1302, a FIFO input
buffer 1304, a filtering table 1306, a video data buffer 1308,
an audio data buffer 1310, a system buffer 1312, and a
surplus memory area 1314. As will be further illustrated, the
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surplus memory area 1314 can be used for expanding
existing memory areas 1302-1312, or for mapping and
creating additional memory areas. An example of new
memory areas would be multiple audio buffers created for
multiple languages in a stream simultaneous with an audio
portion. According to the preferred embodiment, the main
memory unit 1204 involves a single memory area which
affords rapid access for read and write operations. Such high
speed read/write capability is essential to the temporary
storage of incoming data. Alternatively, however, the
memory areas 1302-1314 comprising the main memory unit
1204 could be comprised of a combination of multiple
memory types. The program area 1302 stores a program
which governs memory mapping and utilization of the
memory area. The program is configured to expand memory
areas as needed as well as creating or deleting additional
memory areas. Although those skilled in the art will recog-
nize that an area of memory may be “fragmented” over a
non-continuous range of addresses, according to the pre-
ferred embodiment, memory scaling will entail a re-adjust-
ment of the entire memory area to minimize or reduce
fragmentation, thereby optimizing the speed and efficiency
of the memory area.

[0066] FIG. 14A is an illustration of a scalable filtering
table wherein the PID table is configured in one-word
(sixteen bit) registers for accommodating a conventional 13
bit PID. According to the exemplary architecture, each PID
is stored in the least significant bits 0-12 of a word. For
exemplary purposes, the scalable filtering table is seen to
contain three PIDs, audio, video, and system. FIG. 14B is an
illustration of a re-mapped filtering table configured to
accommodate the same three PIDs in a 17 bit format.
According to the architecture of FIG. 14B, the 17 bit video
PID is seen to take up the entire first word 1402 and the first
bit (bit zero, the least significant bit) of the second word
1404. Bits 1-15 of the second word are unused. It is further
noted that FIG. 14B has expanded the actual memory area
of the filtering table by three words, 1408, 1410 and 1412.
As previously discussed, according to the preferred embodi-
ment, when a specific memory area such as a filtering table
or input FIFO buffer is expanded to encompass new
memory, it will follow a continuous addressing scheme
rather than being fragmented across discontinuous sectors or
address ranges. An alternative architecture for storing a 17
bit PID is seen in FIG. 14C, wherein the video PID begins
in bit zero of the first word 1402 and extends through bit zero
of the second word. The audio PID is stored immediately
thereafter, starting with bit 1 of the second word, and
continuing through bit 1 of the third word 1406. The system
PID begins in bit 2 of the third word 1406, and continues
through bit 2 of the fourth word 1408. The remaining bits of
the fourth word 1406 are unused.

[0067] The example of expanding a PID register from
thirteen bits to seventeen bits was selected to illustrate the
mapping and architectural options which exist when extend-
ing a field into a second word. Those skilled in the art will
understand that FIG. 14 is not intended to limit the expan-
sion of a PID field from thirteen to seventeen bits, nor to
limit the architectural schemes for expanding the bit field
used to store a PID. Accordingly, FIG. 14 is simply an
example of the process of re-mapping a scalable memory.
Because a great variety of mapping, addressing and archi-
tectural approaches are well known to those skilled in the
art, the scaling of other memory areas will hereinafter be
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addressed and illustrated in more generic terms without
specific detail as to the mapping, addressing or architecture
which might be used.

[0068] Although changing parameters in MPEG 2 stan-
dards could account for one reason a filtering table register
is expanded or contracted, it is not always necessary to
examine an entire PID value to filter the data properly. This
can be illustrated by considering the following exemplary
data strings in conjunction with FIG. 14A:

[0069] 0 0110 1101 1001 Video data
[0070] 1 01111010 1000 Audiodata
[0071] 0 111000011110 System data
[0072] 0 1000 1010 0110 Unwanted data 1
[0073] 1 1011 1101 0111 Unwanted data 1
[0074] 0 1100 0000 0101 Unwanted data 3
[0075] 1t is seen that, counting right to left from the first

bit (bit zero), the fourth bit of the video, audio and system
data is uniformly a one, and the fourth bit of the unwanted
data is uniformly a zero.

[0076] From this exemplary data, it would therefore be
possible to filter the unwanted data from the 25 video, audio
and system data simply by examining the four least signifi-
cant bits of an incoming PID, or by simply determining
whether an incoming PID had a “one” in the fourth bit field.
All data fields that were not relevant could be masked since
a comparison of the remaining bits would be unnecessary.

[0077] FIG. 15 is one embodiment of a masked compari-
son in conjunction with the present invention. A masked
comparison is performed between an incoming PID 1501 in
a transport stream and the values in the filtering table 1505.
It is noted that the transport stream PID is the same as the
video data listed above. Consistent with the exemplary
values listed above, because only the desired PIDs have a
one in the fourth bit of the PID field, whercas the non-
desired values have a zero in the fourth bit of the PID field,
a filtering table 1505 may be configured that requires the
values of only the four least significant bits. The mask 1503
is interpreted as one which allows comparison of bits from
the transport stream PID 1501 against the filtering table
1505 values 1507, 1509, 1511 only with respect to the “one”
bits in the mask. According to such an implementation, it can
be seen that a filtering table of only four bits in width is
necessary.

[0078] FIG. 16 discloses a generic scalable memory area
1600. This area can be contracted to a smaller region 1602,
or expanded to encompass additional memory area 1604.
The scaling of the memory area in FIG. 16 can be applied
to any memory area according to FIG. 13, including addi-
tional memory areas which might be constructed in the
surplus memory area 1314 (FIG. 13). Although the pre-
ferred embodiment is a contiguous scalable memory area as
illustrated in FIG. 16, it should be understood by those
skilled in the art that the scalable memory area may alter-
natively be fragmented across a dis-contiguous area.

[0079] According to one embodiment, the input data
buffer 1304 is scaled during start up. The program area 1302
stores a program which describes the processing to be
performed when the STB 1200 is booted (the switching-on
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or resetting of the main power). In the program, a value of
the bit rate of the transport stream data to be input to the
receiving unit 1202 is described at a predetermined position,
and the value of the bit rate can be rewritten as required.
Accordingly, when the value of the bit rate to be input is
changed, it is only required that the described value of the
bit rate be rewritten. The FIFO buffer area 1304 temporarily
stores the transport stream data supplied from the receiving
unit 1202. The optimal size (area) of the FIFO buffer arca
1304 is determined based on the result of the arithmetic
operation by the control unit 1203 (described below).

[0080] When the control unit 1203 is supplied with the
operation signal (a main-power switching-on signal or a
reset signal) from the input unit 1205, it reads, from the
program area 1302 of the main memory 1204, the bit-rate
value of the transport stream data stored beforehand. The
control unit 1203 computes the optimal size of the FIFO
buffer arca 1304, based on the read bit-rate value, and
reserves, in the main memory 1204, the FIFO buffer area
1304 based on a result of the computation. The transport
stream data from the receiving unit 1202 is supplied and
stored in the FIFO buffer area 1304 reserved in the main
memory 1204. In view of the cost of memory, and increased
speed and efficiency when processing a smaller addressable
content of lower addresses, it is advantageous to set the
optimal size of the FIFO buffer area 1304 to the minimum
necessary value which will prevent the data stream from
overflowing.

[0081] A demultiplexer unit 1206 is supplied with the
transport stream data from the FIFO buffer area 1304 of the
main memory 1204. The demultiplexer unit 1206 separates
the supplied transport stream data into various types of data
(e.g., video data, audio data, etc.), and supplies the separated
data to a decoding unit 1207 via the bus 1208.

[0082] FIG. 17 discloses a process for scaling an area of
memory. Although the process disclosed in FIG. 17 recites
the scaling of a FIFO buffer 1304, those skilled in the art will
recognize that a similar process may be used for scaling any
area of memory when the optimal size of that memory area
is based on the bit-rate value of the transport stream data.

[0083] In step 1700, when the user switches on or resets
the main power by operating the input unit 1205, the
operation signal (main-power switching-on signal or reset
signal) is supplied to the control unit 1203 via the bus 1208.
As noted above, however, it is understood that the separate
component parts 1202-1207 could be merged into a single
integrated control unit capable of performing the multiple
functions represented by the individual blocks in FIG. 12.
Accordingly, the bus 1208 is optional according to the
architecture of the Settop Box 1200.

[0084] In step 1701, the control unit 1203 reads, via the
bus 1208, the bit-rate value of the transport stream data
stored beforehand in the program area 1302 of the main
memory 1204.

[0085] In the step 1702, the control unit 1203 computes,
based on the read bit-rate value, the optimal size of the FIFO
buffer area 1304, and confirms it.

[0086] In step 1703, the control unit 1203 reserves, based
on a result of the computation in step 1702, the FIFO buffer
area 1304 in the main memory 1204. The process is then
terminated.
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[0087] In the foregoing description, the case where the
value of a bit rate of transport stream data is described
beforehand in a program. By way of example, by providing
a detector for detecting an input bit rate, an optimal FIFO
buffer size may be determined by performing the above-
described computation based on the value of the bit rate
output from the detector.

[0088] In the foregoing description, the main memory
1204 is used in a form in which it is divided into the program
area and the FIFO buffer area. However, a memory for
storing a program may be provided separately from the main
memory 1204. For example, a rewritable nonvolatile flash
memory may be used as the memory for storing a program,
and a volatile RAM may be used as the memory for the FIFO
buffer.

[0089] In the present invention, the types of provision
media for providing the user with a computer program
executing the above-described process include not only
information recording media such as magnetic disks and
CD-ROMs but also network-based transmission media such
as the Internet and digital satellite.

[0090] As described above, according to the present
invention, based on the bit rate of the transport stream data,
an optimal buffer size is computed, and based on the result
of the computation, the buffer area is changed, whereby
memory can be effectively used.

[0091] It is understood that the scaling of specific filtered-
data memory areas such as the video data buffer 1308 and
the audio data buffer 1310 are performed in a like manner as
the scaling of the input FIFO buffer area 1304. Specifically,
the bit rate of a particular data type defined by a particular
PID is determined, and the control unit 1203 utilizes this
information to expand the buffer designated to store that
particular data type.

[0092] FIG. 18 illustrates a filtering table 1802 compris-
ing multiple columns 1804, 1806, 1808, for filtering various
families of parameters including a packet identifier 1808
(see also 512, FIG. 5).

[0093] Referring now to FIG. 19, the number of registers
1902, 1904, 1906 within a particular table 1804, 1806, 1808
can be optimized (expanded or contracted) to correspond to
the number of values which are to be stored in that table at
any one time. Using again, for exemplary purposes only, the
MPEG 2 standard and referencing specifically the PID
filtering table 1808, FIG. 19A shows a scalable PID filtering
table comprising a field of five registers for storing the
program association table PID 1902, the program map table
PID 1904 of a first program, the video PID 1906 of the first
program, the audio PID of the first program 1908, and a
system PID 1910. In a re-scaled embodiment, FIG. 19B
shows the same PID filtering table 1808 comprising twelve
registers. It should be understood, however, by those skilled
in the art, that an embodiment of the present invention
incorporates multiple data values for each entry. In addition
to the PIDs referenced in conjunction with FIG. 19A, the
table has been expanded to accommodate the PID of a
second program map table 1912 representing a second
program, and a variety of video 1914, audio 1916-1922 and
subtitle 1924 PIDs associated with the second program.
Because the PID filtering table according to FIG. 19A is
required to contain only five PID values, the table is opti-
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mized to contain only five registers. Similarly, the scaled
PID filtering table of FIG. 19B is required to store exactly
twelve PIDs, and is therefore optimized to exactly twelve
registers.

[0094] Accordingly, the PID table 1808 is scalable to
accommodate varying numbers of PIDs. Those skilled in the
art will understand that the same scalable process can be
applied to other potential filtering tables such as illustrated
in FIG. 18. Additionally, it is understood that the specific
application to fields found in an MPEG 2 transport stream
packet (FIG. 5) are illustrated for exemplary purposes only,
and that the scalable architecture can be applied to any
equivalent field in any digital packetized information
stream.

[0095] FIG. 20 illustrates one sequence for scaling a table
1804, 1806, 1808 within a filtering table 1802 to an appro-
priate number of registers, as illustrated in FIG. 19. Using
a PID table 1808 again for exemplary purposes only, accord-
ing to the step 2001, the receiving unit 1202 receives a
program association table from the transport stream defining
the programs available within the transport stream. Accord-
ing to the step 2003, the user selects a program or programs
available within the transport stream. It is envisioned that the
user selection is entered through an input unit 1205 (FIG.
12). According to the step 2005, the control unit 1203
determines which parameters are required for storage within
the filtering table in conjunction with the user selection.
Typically, these parameters will include PID zero for the
program association table, the PIDs of the program map
table(s) 914, 918 correlating to the programs selected by the
user, as well as any PIDs listed within those program map
tables. The PID’s for “system” or “overhead” data may also
be automatically selected by the control unit 1203 for
storage in the PID filtering table. At the step 2007, the
control unit 1203 determines if the number of required PIDs
are equal to the number of PID registers currently in the PID
column of the filtering table. If the number of existing fields
is not correct, at the step 2010, the control unit 1203 scales
the filtering table to a new size, and loads select parameters
into the PID column of the filtering table according to the
step 2014. If, in the step 2007, there is no change between
the number of fields in the PID column and the number of
PID values required according to the most recent user
selection, according to the step 2012, the control unit 1203
determines if the PID values have changed. If the required
parameter values are different than the values presently
stored in the filtering table, according to the step 2014, the
old values are replaced by new values which are loaded into
the filtering table.

[0096] FIG. 14 illustrates a PID filtering table scaled to
different size registers, one for holding PIDs of thirteen bits,
the other for storing PIDs of seventeen bits. The process of
scaling of a register to a different number of bits is illustrated
in FIG. 21. According to the step 2101, the length of an
incoming bit field for a packet identifier is sent to the control
unit 1203. According to the step 2102, the control unit
compares the newly received bit-length with a FIG. repre-
senting the bit length currently used to map the PID column
1808 of the filtering table 1102, 1802. According to the step
2103, if the bit field of the incoming PID is different from
the existing field size in the filtering table (FIG. 14A), the
control unit 1203 scales the PID table 1808 of the filtering
table 1802 according to the new length of the bit-field.
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Although FIG. 21 demonstrates an automatic process by
which a PID register could be expanded, those skilled in the
art will understand that other processes, such as user input,
could equally trigger the scaling of a bit-field of a packet
identifier or some other parameter.

[0097] FIG. 22 is an illustration of a settop box 2201
configured to receive transport stream data from a plurality
of transport streams TS 1 and TS 2. The plurality of transport
streams TS 1 and TS 2 are directed into a single filtering
table 2203 coupled to a filtering engine 2205. This single
filtering table 2203 is shared by the transport streams TS 1
and TS 2 and used by the filtering engine 2205 to filter both
of the transport streams TS 1 and TS 2. Although the same
PID cannot occur in unrelated data packets in a single
transport stream, because the settop box 2201 is configured
to receive data from a plurality of transport streams, the
potential exists for some of the PID values in the first
transport stream TS 1 to be duplicated in the second trans-
port stream TS 2. As an example, a PID value from the first
transport stream TS 1 is desired for reception by the settop
box 2201, whereas the same PID value in the second
transport stream TS 2 is to be rejected by the settop box
2201. If a PID value is written in the settop box according
to the prior art, data packets defined by that PID value in
both transport streams TS 1 and TS 2 would be received by
the filtering table within the settop box. A blow-up of
filtering table 2203 is illustrated in conjunction with FIG.
22. According to the present invention, the filtering table 22
is configured with PID entries 2209 and a transport stream
identifier field 2207. The transport stream identifier field
2207 is configured to store a value to distinguish between a
plurality of transport streams, and designate from which
transport stream the packet was received. The filtering table
2203 according to this embodiment of the present invention
is capable of filtering transport stream packets from a
plurality of transport streams. According to the scalable
features of the present invention, the filtering engine 2205 is
capable of deleting the transport stream identifier field when
only one transport stream TS 1 is being filtered, creating an
extra column for the transport stream identifier field 2207
when more than one transport streams are filtered by the
same filtering table 2207, and expanding the width of the
transport stream identifier field 2207 as required to accom-
modate the value determined as necessary to distinguish
separate transport streams. Consistent with the features of
FIG. 22, as discussed, the number of PIDs or other param-
eters stored in the scalable filtering table 2203 of FIG. 22
may be expanded or contracted, as illustrated in conjunction
with FIGS. 14-21.

[0098] The present invention provides various advantages
over the fixed architecture of the prior art. A flexible memory
architecture that allows a filtering table to be scaled to an
optimal number of parameters without performing a hard-
ware upgrade to the system including the filtering tables. A
flexible memory architecture as disclosed in the present
invention also allows a filtering table to be scaled to accom-
modate variable bit lengths of PIDs or other packet param-
eters as standards are upgraded or changed. The flexible
memory architecture of the present invention further allows
a FIFO input buffer and various filtered-data buffers to be
scaled to an optimal size in response to changing bit rates of
an incoming digital stream. Additionally, the flexible
memory architecture of the present invention allows the
creation of an optimal number of filtered-data buffers for
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storing different types of de-multiplexed data in response to
changing character of a data transport stream or changing
specifications within the filtering table.

[0099] The present invention has been described in terms
of specific embodiments incorporating many specific details
offered to facilitate an understanding of the principles of
construction and operation of the invention. The reference
herein to specific embodiments and details thereof are not
intended to limit the scope of the claims appended hereto. It
will be apparent to those skilled in the art that modifications
may be made to the embodiments chosen for illustration
without departing from the spirit and scope of the invention.

What is claimed:

1. A broadcast receiver for processing digital data from a
multiplexed digital transport stream, the transport stream
comprising a plurality of transport packets, wherein each
transport packet is defined by a parameter identifier, the
broadcast receiver comprising:

a. a receiving unit for receiving the multiplexed transport
stream;

b. amemory area coupled to the receiving unit for storing
incoming digital data;

c. a scalable filtering table coupled to the receiving unit
for identifying at least one parameter identifier among
a potential plurality of parameter identifiers within the
multiplexed transport stream data, the scalable filtering
table comprising a first logical entry for storing a digital
value corresponding to a parameter identifier within a
transport packet, wherein the filtering table allows a
transport packet containing a parameter identifier hav-
ing a corresponding digital value stored within the
filtering table to be stored in the memory area of the
broadcast receiver; and

d. a controller coupled to the scalable filtering table, the
controller configured to vary a number of logical
entries within the scalable filtering table, to optimally
store a select number of distinct digital values corre-
sponding to select parameter identifiers.

2. The broadcast receiver of claim 1 wherein the param-
eter identifier is a packet identifier in an MPEG 2 digital
transport stream.

3. The broadcast receiver of claim 2 wherein the control-
ler is configured to generate a digital value according to a
packet identifier present within a transport packet within the
transport stream, and wherein the controller is further con-
figured to store the digital value within a logical entry of the
scalable filtering table.

4. The broadcast receiver according to claim 3 wherein
the controller is further capable of scaling a bit length of
each logical entry according to a select bit length.

5. The broadcast receiver according to claim 4 wherein
the bit length of each logical entry is identical.

6. The broadcast receiver according to claim 4 wherein
the select bit length of a logical entry within the filtering
table is determined by the controller by measuring a maxi-
mum bit length of the packet identifiers within the multi-
plexed transport stream.

7. The broadcast receiver according to claim 1 wherein
the scalable filtering table is comprised of an erasable
medium capable of storing digital information.
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8. The broadcast receiver according to claim 2 further
comprising a scalable input buffer for receiving input data
from the multiplexed transport input stream, wherein the
input buffer is scaled by the controller according to a bit rate
of the multiplexed transport input stream.

9. The broadcast receiver according to claim 8 further
comprising a demultiplex unit coupled with the scalable
input buffer for demultiplexing data into a plurality of data
types.

10. The broadcast receiver according to claim 9 further
comprising a plurality of demultiplexed-data buffers for
storing demultiplexed data according to the respective plu-
rality of data types.

11. The broadcast receiver according th claim 10 wherein
each of the plurality of demultiplexed-data buffers are
respectively used for storing a homogeneous data type
selected from a group including video data, audio data and
system data.

12. The broadcast receiver according to claim 3 wherein
the broadcast receiver is configured to receive transport
packets from a plurality of transport streams, the scalable
filtering table further comprising a transport stream column,
wherein the controller is configured to store values in the
transport stream column to distinguish the transport streams.

13. The broadcast receiver according to claim 12 wherein
the transport stream column is scalable.

14. A broadcast receiver for receiving digital data from
one or more multiplexed transport streams, each of the
transport stream comprising a plurality of transport packets,
wherein each transport packet is defined by a parameter
identifier, the broadcast receiver comprising:

a. a receiving unit for receiving the multiplexed transport
stream;

b. a memory area for storing incoming digital data;

c. a scalable filtering table for identifying at least one
parameter identifier among a potential plurality of
parameter identifiers within the multiplexed transport
stream data, the scalable filtering table comprising a
first logical entry for storing a digital value correspond-
ing to a parameter identifier within a transport packet
within the transport stream, wherein the filtering table
is configured to allow a transport packet containing a
parameter identifier having a corresponding digital
value stored within the filtering table to be stored in the
memory area of the broadcast receiver, wherein a bit
length of the first logical entry is scalable to a select bit
length; and

d. a controller for scaling the bit length of the first logical

entry.

15. The broadcast receiver according to claim 14 wherein
the parameter identifier identifies the transport stream from
among the one or more multiplexed transport streams.

16. The broadcast receiver of claim 14 wherein the
plurality of parameter identifiers includes a packet identifier
in an MPEG 2 digital transport stream.

17. The broadcast receiver of claim 16 wherein the
controller is configured to generate a digital value according
to a packet identifier present within a transport packet within
the transport stream, and wherein the controller is further
configured to store the digital value within a logical entry of
the scalable filtering table.
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18. The broadcast receiver according to claim 17 wherein
the controller is configured to vary a number of logical
entries within the scalable filtering table, the number of
logical entries being sufficient to store a plurality of digital
values corresponding to a respective plurality of packet
identifiers.

19. The broadcast receiver according to claim 18 wherein
the bit length of each logical entry is identical.

20. The broadcast receiver according to claim 18 wherein
the controller scales the bit length of the first logical entry
according to a maximum bit length of a packet identifier
within the multiplexed transport stream.

21. The broadcast receiver according to claim 14 wherein
the scalable filtering table is comprised of an erasable
medium capable of storing digital information.

22. The broadcast receiver according to claim 16 further
comprising a scalable input buffer for receiving input data
from the multiplexed transport input stream, wherein the
input buffer in scaled by the controller according to a bit rate
of the multiplexed transport input stream.

23. The broadcast receiver according to claim 22 further
comprising a demultiplex unit coupled with the scalable
input buffer for demultiplexing data stored in the scalable
input buffer.

24. The broadcast receiver according to claim 23 further
comprising a plurality of scalable demultiplexed-data buft-
ers for storing a respective plurality of demultiplexed data
types.

25. The broadcast receiver according th claim 24 wherein
a demultiplexed-data buffer is used for storing a homoge-
neous data type selected from a group of data types includ-
ing video data, audio data and system data.

26. The broadcast receiver according to claim 17 wherein
the broadcast receiver is configured to receive transport
packets from a plurality of transport streams, the scalable
filtering table further comprising a transport stream column,
wherein the controller is configured to store values in the
transport stream column to distinguish the transport streams.

27. A broadcast receiver according to claim 26 wherein
the transport stream column is scalable.

28. A broadcast receiver for receiving digital data from a
multiplexed transport stream, the transport stream compris-
ing a plurality of transport packets, wherein each transport
packet is defined by a packet identifier, the broadcast
receiver comprising:

a. a receiving unit for receiving the multiplexed transport
stream;

b. a filtering table for identifying at least one packet
identifier among a potential plurality of packet identi-
fiers within the multiplexed transport stream;

c. a scalable input buffer for receiving input data from the
multiplexed transport input stream a scalable input
buffer; and

d. a controller for scaling the scalable input buffer.

29. The broadcast receiver of claim 28 wherein the
controller scales the scalable input buffer according to a bit
rate of the multiplexed transport input stream.

30. A system comprising:

a. a digital broadcast apparatus for broadcasting a multi-
plexed transport stream of digital data, the transport
stream comprising a plurality of packets, wherein each
transport packet is defined by a packet identifier;
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b. a receiving unit coupled with the digital broadcast
apparatus by means of a transport channel, the receiv-
ing unit configured to receive the multiplexed transport
stream of digital data;

c. a memory area coupled with the receiving unit for
storing digital data received by the receiving unit;

d. a scalable filtering table for identifying at least one
packet identifier among a potential plurality of packet
identifiers within the multiplexed transport stream, the
scalable filtering table comprising a scalable plurality
of digital entries for storing a plurality of digital values,
the digital values selected to correspond to select
packet identifiers within the transport stream, wherein
the filtering table allows a transport packet defined by
a packet identifier having a corresponding digital value
stored within the filtering table to be received from the
transport stream and stored in the memory area; and

e. a controller configured to vary the number of digital
entries within the scalable filtering table; and

f. a presentation means coupled with the memory area for
presenting to a user a sensible manifestation of data
received in the memory area from the transport stream.

31. The system according to claim 30 wherein the pre-
sentation means is selected from among an audio system for
presenting audio information to the user’s the hearing senses
and a video system for displaying video information to the
user’s visual senses.

32. Amethod of scaling a filtering table within a broadcast
receiver, the filtering table comprising a first column in an
erasable digital medium, wherein the scalable filtering table
is used to assist in selectively filtering select data packets
from a multiplexed transport stream of digital data compris-
ing a plurality of data packets, wherein the data packets
within the transport stream are each defined by a value
within a first parameter field, the method comprising:

a. identifying a first select set of values among the first
parameter field within the transport stream;

b. generating a first set of digital filtering values corre-
sponding to the first select set of values among the first
parameter field;

c. mapping the first column of the filtering table to create
a first set of digital filtering fields, the first set of digital
filtering fields being sufficient in quantity to hold the
first set of digital filtering values; and

d. storing the first set of digital filtering values within the

respective digital filtering fields within the first column.

33. The method according to claim 32 wherein the param-

eter identifiers are packet identifiers within an MPEG 2
transport stream.

34. The method according to claim 32 further comprising:

a. determining a field size necessary for storing a first
select digital filtering value from among the first set of
digital filtering values; and

b. mapping a first digital field within the first column such
that the first digital field is large enough to store the first
select digital filtering value.

35. The method according to claim 32 wherein the scal-

able filtering table further comprises a second column in an
erasable digital medium, the second column for storing a
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second set of filtering values corresponding to a select
second set of values within a second parameter field within
the transport stream, the method further comprising:

a. identifying a second select set of values among the
second parameter field within the transport stream;

b. generating a second set of digital filtering values
corresponding to the second select set of values among
the second parameter field;

c. mapping the second column of the filtering table to
create a second set of digital filtering fields, the second
set of digital filtering fields being sufficient in quantity
to hold the second set of digital filtering values; and

d. storing the second set of digital filtering values within
the respective digital filtering fields within the second
column.

36. The method according to claim 32 further comprising:

b. determining a field size necessary for storing a second
digital filtering value from among the second set of
digital filtering values; and

c. mapping a second digital field within the second
column such that the second digital field is large
enough to store the second filtering value.

37. The method according to claim 32 further comprising:

a. determining a quantity of distinct parameter types to be
examined by the filtering table; and

b. scaling the filtering table to include a number of
columns at least equal to the quantity of distinct param-
eter types to be examined by the filtering table.

38. The method according to claim 32 further comprising:

a. determining a first optimal buffer size for an input
buffer in an erasable digital medium, the input buffer
being used for storing data from the multiplexed trans-
port stream of digital data, the first optimal buffer size
being determined according to a bit rate of the transport
stream of digital data;
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b. mapping the input buffer according to the determination
of the first optimal buffer size; and

c. storing input data from the transport stream of digital

data into the input buffer.

39. The method according to claim 37 further comprising
demultiplexing the input data stored in the input buffer into
a plurality of data types including a first data type and a
second data type.

40. The method according to claim 39 further comprising:

a. determining a second optimal buffer size for a first
demultiplexed-data buffer in an erasable digital
medium, the first demultiplexed-data buffer to be used
for storing demultiplexed data of the first data type;

b. mapping the first demultiplexed-data buffer according
to the determination of the second optimal buffer size;
and

c. storing data of the first data type in the first demulti-
plexed-data buffer.
41. A scalable filtering table for filtering digital data
packets comprising:

a. an erasable medium comprising a memory structure
with a plurality of entries, each entry comprising a
plurality of bits, wherein the plurality of entries are
configured to store a respective plurality of digital
filtering values; and

b. a controller configured to map the memory structure of
the erasable medium with an architecture that will
optimally store select digital filtering values in the
erasable medium.

42. The scalable filtering table according to claim 41
wherein the controller maps the memory structure by re-
defining a number of entries to be used for storing a
respective number of digital filtering values.

43. The scalable filtering table according to claim 41
wherein the controller maps the memory structure by alter-
ing a number of bits comprising an entry.
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