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. This invention is related to the field of digital
commumcauons systems, and is described wnth reference to a

- digital satellite television system, but also may be apphcable to
such systems as a digital cable system, digital terrestrial broadcast

system, or a digital communication system which utilizes
The invention specifically concerns a method and
‘apparatus for ensuring that the television schedule data, for

telephone lines.

15

' information from an earth-based transmitter.
amplifies and rebroadcasts this signal to a plurality of recelvers,

20

In a satellite telev1s1on commumcanon system, the
satellite rccelves a s1gna1 representmg audio, video, or data

The satelhte

AR G-Thoé'dﬂsEMI SI'ON SYSTEM CHANNEL GUI DE HAVI NG A LIM Tﬂﬂ‘lﬂSﬁEﬂUsNE Thi s
comruni cati ons s
satellite tel evision sy m

S80TN T

apparatus for ensuring that the television schedul e data,

and i s
but al so’

gerer ating

.generating screen displays for controlling the system, are current. ©

. located at the homes of consumers, via _transponders operatlng at

“specified frequencles and having given bandwidths.

Such a -

-system includes an uplink transmitting pomon (carth to satelhte)
an earth-orbiting satellite receiving and transmitting umt and a

25

the user's residence..

downlmk portion (satelhte to earth) mcludmg a receiver located at :
The subject matter of the present invention -

is especially concerned with a downlmk recelvmg umt demgned
for relatively easy use by the user. :
The subject system is designed to utilize two satelhtes

30

within a few degrees of each other in geosynchronous earth orblt

stationed at an altitude of 22,300 mlles, approxxmately over the

" state of Texas.

35

- With this arrangement receivers located
anywhere in the contiguous 48 states. of the United States can
- receive signals from both satellites on the same receiving antenna

1This Sheet Has Been Rep Iacec

Selacung. a

dish without havmg to reposition the antenna dish. Each satellite
transmits its signals with a respective -polarization.
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BACKGRWM&EyﬂﬂErTHE INVENTICN In a satelllte tel evi sion d&ﬂﬂﬂﬂﬂ@@bﬁon systen]
» the satellite receives a signal representing audio, vi'deo,. or data
information from an earth-based transmitter. The satellite 20 anplifies
and rebroadcasts this signal to a plurality of receivers, |ocated at ‘the
hones -of consumers, via transponders operating at speC|f|ed frequenC|es and
havi ng gi ven bandmﬁdths Such. a system’i.ncl udes an uplink transmtting
portion (earth to satetlite), an ear &h- orbiting satellite receiving and

transm tti ngateNite. fé‘i’”‘ile@e ﬁn dﬂmklngnn@.r is %c&ﬁxglﬁhédtaﬁ i earth)

I-ncl udi ng a_recel ver % r.esi he subgect matt er of
" the present FS9NERS &ntenna y selectmg t ose signals with the appr pnate o

5 polarization. [Each satellite includes sixteen transponders for
_ transmitting signals to  the receiving ‘antenna dish over a range of
frequencies. . Each transponder is time-multiplexed to convey a
plurality of television channels (e. - six to eight channels),
substantially srmultaneously "~ The satellite srgnals .are transmitted

10 ‘in compressed and packetized form, and’ comprise television and
ancillary data slgnals Because the system is capable of carrying
as many as two -hundred fifty-six channels, some television
program selection method and apparatus, which is easy to
understand and- operate, should be provided for the user. -

15 o If we look to conventional analog VHF and UHF

© broadcast television as a-guide, we find that the solution provided
therein is of little help, for the following reasons. The channel
~ number of a given television station corresponds to a fixed band

| " of fre'quencies In other. words, ‘channel 6 in the United States is

20  regulated to occupy the range from 82-88- MHz. Most non-

" technical consumers have no understandmg of the frequency
allocations of the television broadcast bands. Instead, they tune a
desired channel by entermg its channel number into their.
receiver. Their’ receiver is programmed with the proper

25 information to perform the required tuniig to thé desired channel

- by generating . the appropriate bandswrtchmg and tuning
commands, in response to the entering of the channel. number by
the user. It is possible for manufacturers to build a fixed channel .
. number- -to-frequency translauon arrangement into -each
30 televrsron receiver, ‘only because the relatlonshlp between channel
' number and frequency band must ‘conform to a broadcast
standard. ' : L
In the United -States, theré is a terrestrial 'television
schedule guide ‘system known as Starsight® which provides a '
35 channel _guide -display for selecting television channels at' fixed
broadcast frequencies. - Starsrght® data is ‘transmitted in the
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| S espew@sl, 0ﬁoncerned with a downlink receivi ng ‘uni-t q:z,qlmg/doo’s@r
relativel y easy use by the user. The subject systemis designed to utilize

two satellites 30 within a few degrees of each-other in geosynchronous
earth-orbit staticoned at an altitude of 22,300 mles, approxinately over.
the state of Texas. Wth this arrangenent, receivers |ocated anywhere in :
the contiguous 48 states of the United States can receive signals fromboth
satellites .on the sane .receiving-antedna 3 5 dish without havi ng to

reposiilon | 0g Rl S By, FABIORE brohFai 08 Mhértain' Br3heers" P 2
; (usually public broadcasting stations (PBS)), and displayed in the '
5 form of a schedule guide on the user's television screen.
" Unfortunately, three problems with the Starsight® system are -
perceived. First, it can take several hours for a Stars:ght®
receiver to load its channel gulde data due. to its transmlsszon at a -
low data rate. Thus, 4 viewer will not be able to use h1s :

.10 Stars1ght® system to tune channels for at least several hours after
‘installing it in his home. Second, the chanriel gmde information is
'not transmitted on every channel, so updating the guide requires
retuning to the PBS channel, thereby interrupting the viewer's use

. . of the receiver during the several hours it takes to reload the '

15 . guide, Thu-d a Starsight® user must choose a several-hour
window in time, which occurs once every twenty-four hours, -for .
“the Stars1ght® receiver to download ‘a current copy of the channel
guide. . It is important to note that, unexpected changes in -the
- television schedule cannot be detected by the Starsight® unit if

.20 the currently ‘watched channel does not carry Star51ght® signals, -

' and most channels do not carry those signals. Thus; unexpected
changes. iri the television schedule cannot be handled within a -
reasonable time due to, failure of the system to detect those '

~ changes, and the constraint of loading the schedule from-a
25 particular broadcast station during a predetermined time window.

. SUMMARY OF THE INVENTION
_ - A television system for receiving a plurality of -
' .dxgltally-encoded television programs includes an integrated
30 receiver decoder (IRD) having circuitry for selecting a pamcular
digital - data transmission channel from a plurality of digital data
transmission channels containing a desxred digitally-encoded
telev1s1on program in response to a control signal, many of sald
""data transmission channels also Jincluding television program
"3.5 " schedule data. The system also includes user-operable data entry .
circuitry for entering data, and a controller for generating -the '
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2 sat el Iwoes/dsmp1-reception of its si gnal s is acconpl i shedec/usssmpogsecei vi ng
‘ant enna by. sel ecti'ng those -signals with the appropriate-5 polarization.
Each satellite includes sixteen transponders for transnmtting signals to
the receiving antenna dish over a range of -frequencies. Each transponder
is time-multiplexed to convey a plurality of t el evi si on channel's’ (e.g., six
to ei ght channel s), substantially si mél t aneously. The satell ite signals are
transmitted 10- in conpressed and pacfetized form and conprise television .

and - .above-noted .control signal in response to user-entered data. The
' ' ‘controller selects a v1rtual channel from a plurality of virtual
5 channels in response to user-entered data, éach virtual channel
~ being subject to reassrgnment to a different one of said plurahty
- of digital data transmission charnels, the television program
schedule - data defimng the relationship of each of the television
~ programs to respectrve ones of the plurahty of digital data
10 transmission channels.  The television schedule data being
repeated several times per mmute, and bearmg a code indicative
of its usable lifetime. = The receiver acquires a new master
program gurde upon determmmg that its current channel guide
has expired. = In order to accommodate unexpected changes in
15 schedule, every few minutes the receiver checks a status byte to
see if the master program guide has changed. The exact number
- of minutes being predetermmed to be several tlmes less' than the
lifetime of the program guide. ' If the status byte indicates that the
_ 'program guide has changed then a new program guide is read in,
20 . without waiting for the current guide to explre -~ The status byte
may be a version number for the master program guide, which is
compared to the version number of the currently-stored master
'program guide. | ‘

&

25  BRIEFDESCRIPTION OF THE DRAWIN

FIGURES 1 and 2 are illustrations of a typical transmitted
data stream from a transponder in accordance with the invention.
_ FIGURE 3 is an illustration of a program gurde screen dlsplay
30 in’ accordance with the invention. - - :
. FIGURE 4 is an illustration of segmentauon of the master
program guide and specral program guldes in . accordance wrth the -
invention.
. FIGURES 5a and 5b are 1llustratrons of program "data
35 . structures in accordance with the invention. .
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anci | | avQ 9822081 si gnal s. Because the systemis capabl e oPCEASISA0NY as nany
. as two hundred fifty-six channels, sone television program sel-ection nethod
“and apparatus,; which is easy to under st and and operate, should be provided
~for the user. 15 ' - tf 'we |l ook-to conventional anal og.VHF and UHF:
" br.oadcast - teIeV|S|on as ‘a guide, we find that the sol ution provided t herein
~is of. little help, for the follow ng reasons. The channel. nunber of a given -
tel evi sion station corresponds to a fPxed band of frequen(:| es. In other- '

: vyords channel 6 FIGURE @id gdb}gbﬁtﬁﬁgfénQ& a'@@lligg ed to occupy the range
. from 8288 I\@r'azmsrk/?mn r}r cervmC s Cs?em aceording rt‘ogwehen Om%ré%‘%‘{o?f andu ng of ‘the,
frequency g/re g sy g _
IR FIGURE 7 is a block diagram of the IRD receiver unit. -
. ' FIGURE 8 is a block diagram of a portion of the IRD recelver
.unit of FIGURES 6 and 7, in detail.
a FIGURE 9 is a flow chart showing a portlon of the control
- program of the microcomputer of the IRD. receiver unit.
.10 o o | S
| DETAILED DESCRIPTION OF THE DRAWING
In the subject ‘system, the information necessary to
' -select a grven television program is not frxedly-programmed mto
. each receiver but is rather is down-loaded from the satellite
15 continually on each transponder. ~The television program selection -
. . information comprises a set of data kiown as a Master .Program -
Guide (MPG), which relates television program trtles, their start
~and end times, a virtual channel number to be dlsplayed to. the’

. user, and information allocating virtual channels to transponder

20 frequencies and to a position in the tlme-multlplexed data stream
transmitted by the particular transponder. In a system according

. 10 the subject invention, it is not possible ‘to tune any channel
until the first master program gurde is received from ‘the satelhte,
because the receiver literally ‘does not know where any channel is -

25 located, in terms of frequency and position (i.e. data tirhe slot) -

- within the data stream of any transponder. Advantageously, the
system i$ totally flexible in that any program may be assigned, or _
reassigned at any master program guide transmission time, to. any-

_ | transponder or data ume slot, in a fashion which is completely
30 transparent to the ‘user, who sees only the unchanged program )

- title and virtual channel _ : -

' The problem of changes in television schedule 1s
overcome in that a master program guide preferrably " is .
transmitted on all transponders with television program vxdeo,, K

.35, - audio, and auxiliary data, and is repeated periodically, for .
S example, every 2 seconds.  However, a system in which ‘only  one
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al | ocat | YIS fre tel evision broadcast” bands. Instead, wPoEmsyswvese desired
‘channel "by entering its channel nunmber int o their receiver. Their ‘receiver
is progranmed with the proper 25 ‘information to performthe required
tuning to the desired channel by generating the appropriate bandsw tching
and tunlng commands, i n response to the entering of the channel. nunmber by
the user.- It.is possible for manufacturers to build a fixxed channel

nunber - t o- frequency transtation arranéement into each 30 television

receiver, onby fmaust thbemaﬁkpénders heﬂrﬁ%twrinﬁﬂgf”ﬁ]og?ambﬁhc@qs
frequency baglMusiist L il RaP L ESFIRASL S1¢ Bdge employed to switch
5 to the transponder carrying the master: program guide, or a
second tuner could be tuned to receive the master program gurde
.data.  The data rate for transmitting a master program guide is
approxlmately 100 kbits .per second. The mastér program guide,
-once received, is mamtamed in ‘a memory ‘unit in the receiver, and
10 updated penodlcally, for.example every 30 minutes. Retention of -
~ the master program- guide - allows - instantaneous televxsron
program selection because “the niecessary selectron data are. always
avallable o : .
. The master program gulde has a hfetrme (time wrthm
15 which its data is considered ‘valid) of thn'ty minutes. A byte
’ 1nd1catmg -the’ remaining - lifetime of the master program guide is
transmitted with every transmission ‘of the guide rtself (i.e., about
‘every two séconds). In addition to the thirty minute lifetime of a
_ "'master program guide, an emergency guide" is available for
+ 20 providing a way to correct errors in the program guide, caused by
operator error at the uplink site, or caused by a sportmg event
runnmg "overtime" (i.e., beyond its scheduled time). A program
. guide status byte (i.e.; the "change number” byte) is checked .
repeatedly at the end of every five minute interval to see if the
25 content of the - master program gurde just received - (but not yet
stored) is changed from the' content of the currently-stored
. master program guide. If so, then the newly-received. master
program guide is loaded into memory for immediate use. If not,
the newly-received . master program gurde is discarded.
30 - -Following is an explaniation of how such a system is
. implemented. As noted above, the system is capable of
transmitting hundreds of programs. Each program may include a
number of services. A service is defined herem as a program
_ . component, such as a video signal, an audio s1gna1 a closed caption
~35 signal, or other data, including executable computer programs ' for
an appropriate receiver, Each service of each program .is
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"IN the WOPHWOR ates, there is a terrestrial television BEREENEIRUI de

- system-known as StarS|ght[err] whi ch provides a 35  channel guide dlsplay
For selectjng tel evi sion channels at fixed broadcast ' frequenci es. .
Starsight data i.s‘transmtted in the 3 vertical interval of televisions
‘progranms of certain broadcasters (usually public broadcasting statlons
(PBS)).,, and. displ ayed |n the 5- fornloﬁ a schedul e QU|de on the user's
tel'evi si on screen.

identified by a ‘unique §erv1cc Component _d_entrfler (SCID) ‘The
._mformatlon for the respective services is transmitted in packets '
5 of predetermined amounts of data (e.g., 130 bytes) and each
" packet includes an SCID corresponding to the service. .
A representation of a typical data stream from one of :
“the ._transponders is shown in FIGURE 1, and a typical packet from
. that data stream is shown in FIGURE 2. In FIGURE 1, a string of .

.10 boxes represents signal packets which are components of a
plurality of ‘different television programs transmitted by a glven )
transponder. Packets with letters having ‘like subscripts - represent

. components of a single television program. For example, packet
.. identified as V1, A1 and D1, represent video,. audio, -and data_ for: '
.15 program 1. In the upper line of the string of packets, the - .
respectrve components of a particular program are shown grouped R
.- together. However, it is not necessary to. group components of a
particular program together, as indicated by the packet sequence
~ in the middle of the string. Moreover, there is no requrrement to
- 20 place the packets of a strmg in any particular order. .
_ The string of packets shown in the lower portron of
FIGURE 1, represents three time mulnplexed programs, programs
1,.2, and 3, plus packets representing a program guide (packets
| D4). It is important to note that the data of the program guide

25 interrelates program components and vn‘tual channels by virtue .
of the SCID. The respective packets are arranged to include a
prefrx and a payload as shown in FIGURE 2. The prefix of thrs .

- example ‘includes two 8-bit bytes comprising five fields, four of
' which. are 1-byte fields (P,BB, CF CS), and one 12-bit freld (SCID)

30 The Payload portion contains the actual information to be recewed
.and processed. The exemplary prefix includes a 1-bit priority
field (P); a 1-bit boundary field (BB), which indicates’ boundaries

. between significant signal changes; a 1-bit field (CF), which '
indicates whether or not the payload is scrambled; a 1-bit field

35 (CS), which indicates which one of two descrambling keys is to be

- used to descramble a scrambled payload; and a 12-bit SCID. The |
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Unfortun&tlb!wl?ostlhree pr obl ems with the Starsi ght system chﬁ'nﬁ%ﬂﬁs?/edd e
"First, it can take several .hours for a Starsight[err] receiver tﬁ oa
.chan'n.e'l guide.data due to its transmission at a |low data rate. Thus,

viewer will not
channel s for at |east several hours after installing it

Second, the channel. guide information is not transmtted on every channel ,

- € his 10 Starsight[err] systemto tune
not be able to use g ystemto tu

SO updatl ng the guide requires retuni r$g to the PBS.channel, thereby

i nt:er r upt j ngremngindeevef ¢heupackdt b rgs“e‘glt Yl?él
Lakes to re'éﬁ&;?ﬁ 1? fﬂﬂegﬁm@?ﬂg&éu& tg Eg‘é }thWWadodmtahours

several gour W n

10

15

20
' retained in memory due to their large size. As shown in FIGURE 4,
‘both the master program gulde and spec1al program guides are .
: partmoned into a’ plurality of segmerits or portions (from 0 to 15)

25
30

- 35

i

-master program guide comprises  packetized data .
formatted as defmed above, and is assigned a specific SCID, such
as, 0000 0000 0001. - A .master program guide comprises four

~-sequential blocks of data, des:gnated SEGM, APGD, CSSM1 .

CSSMnseg, and PISM1 . . PISMnseg, to be described below
A master program guide typically includes television
schedules for the next two hours, but may include schedules for

“four, six, or elght hours depending on the size of the memory

allocated to store it in the receiver. In addition to the master
program guide, there is also prov1ded one or more special
program guides (SPG), containing additional data; such as, for -
example, television program schedules for the followmg eight -
hours. That is, the master guide holds all information necessary
for selecting current television programs, and the special guides

- contain information -about future television programs ' Speclal

guides are downloaded fromthe satellite as needed and are not

with an index "nseg" indicating the current number of segments
comprising the special guide. ‘Each segment carries _program
information for one or more virtual ‘channels which Tange from
100 to 999. FIGURE 4 shows only an exemplary allocatlon of

virtual channels to segments, and- other groupings can be and are,
' made at the discretion of the operators at the satellite uplink

center. 'Each special guide segment mcludes two sequential blocks

~of data, CSsSM1 . CSSMnseg, and PISM]1 . PISMnseg, also to be

described below

FIGURES 5a and 5b 1llustrate program ‘'data structures
of the subject system, ‘not all of which are relevant to the virtual
channel selection and updating of the master ‘program guide. Only

" those- portlon whlch are relevant’ will be dlscussed Referrmg to
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the StarWopsamo1r eceiver to downl oad a current copy of'thQnﬁﬂﬁg&ﬁk,gukdgulé
'It'rs'inportant t.o note that, unexpected change? 58 t?ﬁ teleygﬁlfg a;tghed
o L 4. e . y . - . t i e Cur /
cannot be detected by the Starsight[err] uni _ _ n : |
[ | s, and nost channel s do not
-channel does not carry Starsight[err] signals, e har : ¢
garry those signals. Thus, unexpected changes in the ;gIeV|S|on SChEdglﬁTtO
cannot be handl ed within a -reasonable time due to, failure of-thefsys.e Lo
detect those changes; and the constrai At of | oadi ng the. schedule froma -

par ticul ar brBUHMTRES Saaridi5byluhé 1B gmeENEP (SEM IR P RMm SMARY OF
-THE | NVENTI-OYyrdgln® Yusdd ”cc?ﬁﬁ{n%mi;xf)({nﬂa%foeﬂ ‘abont “tife upfa?ti_tio%ing of the . -
- 5 ' channel space into segments, and the number of segments. . The
. - Additional Program Guide Data (APGD) block contains a program' -
R " guide map which indicates which special program .guide ."segments '
are active, and their location (ie., the particular transponder
carrying the segment), as' well as the SCIDs of the respective _
10 segmer_its. The APGD block contains program information relating
to ratings and theme .of a particular television program._ ‘The APGD
also includes a program guide map associating special guide
segments with ‘respective virtual channel names, virtual channel - '
numbers, and content types. o '- o '
15 -_ The master guide and every special guide 'co_ntain a
‘Channel to Service Segment Map (CSSM) block and a Program
Information Segment Map (PISM) block. The CSSM describes |
“virtual channels by defining characteristics $uch as, channel name, .
call letters, channel number, and type, which are'in the @~
.20 corresponding segment. The PISM block contains linked lists .of
program information such as, title, start time, duration, rating, and
. category, that are on each virtual channel described in the -
_ corresponding CSSM. ' o : .
_ . Relevant portions of the data structures shown in
25 FIGURES 3, 4, 5a and 5b will be referred to. in ‘the following .
description of the program selection process. In order to
~understand the importance of maintaining an accurate master =~ .
~ program guide, . it may be helpful to describe how .a master .
program guide is used to select a television program. Referring to
30° __FIG_URE 3, a user selects a television program for viewing, by C
moving a cursor (via operation of remote control up, down; right,
and. left, diréction control keys) to a block -of the program guide

S - screen display which contains the name- of the desirgd_ program.
.. The remote control ‘unit is not shown for simplicity. When -a _
*. . 35 . SELECT key of the remote control is pressed, the current x and y -
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. decoder

-di. g| t alyypo ﬁed t.el evi si on prograns includes an int egﬁgi,égbsﬁgosgrécei ver
?I ?ﬁg@ aving circuitry for selecting a particular digital . data

-transm ssion channel froma plurality of digital data transm ssi on channel s
containing a desired digitally-encoded televisi on programin response to a
control signal, many.of said data transm.ssion channels -al so incl.uding

t el evi si on program3 5 schedul e data. . The system al so incl-udes
‘user-operabl e-data entry circuitry fi@y enteri ng data, and a controller for

'generatl ng bggltlon of the cursor is evaluated to denve virtual channel and
program time information. :
.5 As shown in FIGURE 4, and as noted above, the master
- program guide and special program’ guides are divided into '
~ segments (which may be as little as one segment or as many as
16)' The ‘lowest virtual channel (100) is always allocated as the
first channel of seg (0). Each segment contains channel and
-10 program mformatlon for a defined number of virtual channels.
Upon deriving the virtual channel number from the X and Y
cursor position information, the virtual channel number is used to
point into the proper segment of the particular program guide
(either master program guide, or a special program guide) to
15  retrieve the - specific . channel mformatlon and program
information. Specrfically, the Channel Information (CDH Records in
" the CSSM (Channel to Service Segment Map) are a fixed length of
seventeen bytes and contain such items as, the number of SCIDs in .
use (typically 2, audio and video), the channel transponder (Chan
20 Xpndr) the channel number and short name (e, “typically 4
- characters), and a pointer into the linked program information. In
order to access any specific Channel Information -(CI) it is only '
" required to repeatedly add 17 to a base value.: Program
_ " information includes the start day and time of the program, the
' 25  number of 30 minute slots it occupies, the theme category (1 e.,
~ drama, sports, comedy), and parental rating. '
Once the channel transponder carrying a desired
' television - program ‘is tuned the. data packets containing the audio
. and-video information for that program can be selected from the
30 data stream received from the transponder by examining the data
packets for the nro_p'er SCID ‘(Service Component Identifier) 12 bit
code. If ‘the SCID of the currently received data packet matches
“the SCID of the desired television program as listed in the
program. gulde then the data packet is routed to the proper data
35 ‘processing sections of - the receiver, if the SCID of a particular
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4 abovewwmdgpomiont rol signal in response to user-enter edpCEUS5/0008he
“controller selects a virtual channel from.a plurality of virtual 5
-'channel s in response to user-entered data, each virtual channel being
subject to reassignnent to a 'different one of said plurality of digital
data transm ssion channels, . the tel evision program schedul e data defining
the rel ati onship of each of the television prograns to respective ones of
" the plurality of digital data 10 trankmi ssi on channel s. - The tel evi si.on

~schedul e dat ?a_@ﬁéﬂﬂob@p@&t hteRV iR SCID'RST HiRd d@sﬁea_etelémi&wrggﬁxﬁ code
ctndicative b fised> i the program gmde, then that datd packet is Glscarded .
5 ' Referring again to the Segment Map (SEGM), of FIGURE -
' 5a, there -are :included in the SEGM two '-Bytés of particular |
interest. The first is the lifetime byte which is initially set to
thirty minutes when a new master program guidé is first
transmitted, Each transmission of that same master ‘program -
10 guide will have the lifetime byte decremented by an amount
"equal to the time delay between transmissions of that guide
(typically, every two sedonds). When the lifetime byte reaches a
value of zero (indicating that the currently stored master program
-guide is thirty minutes old), then a new ‘master progfam guide is
15 acquired and stored for immediate use. The second byte of
 particular interest is' the "change number” byte. Each master
.program guide having content which is different from the content
of the currently-stored master program guide will have a
different number from the curténtly-s;bred master program’
.20 guide. : 'It_ is this byte which will be examined to determine _
" whether an unscheduled change in programming has occurred. .
_(i.e., a change in television programming which occurred during
the valid lifetime of the currently-stored master program guide).
‘Detection of such an unexpected change requires the acquisition . .- -
25 and storage of a new master program guide. At the end .of every -
. 'five minute interval (althodgh another time period may be used)
during the valid lifetime of the currently-stored master program
guide, the "change number" byte of a newly received gu_ide will be .
_ examined to determine if a change in master program giide
30 content has occurred, and whether or not the newly-received
master program guide should be stored and used, or discardgd.' A
The "change -number" byte may.be a version number for the
master program guide, which is. compared to the version number
of the currently-stored master program guide. A flowchart
35 illustrating the portion of the control program for the receiver -
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prograrwglgszqiyagupon determ ni'ng that its current channel pgr/Usesobasd expi red.
<In order to accommodat e unexpect ed changes in 15 schedule, every few
m nutes the receiver checks a status byte to see if the master program
gui de has changed. The exact nunber of ninutes being-predetermned.to be
several -tinmes |ess than the lifetime of the program gui de. If the status
byte indicates that the program gui qe has changed, then a new program gui de
is readin, 20 wthout waiting for the current guide to expire. The status
byte may bewhivkr qelevanibero fthe fasterapregrant ogiride gpdakng Woperation
.glcj)lrrggreq tolst Qﬁo&ﬁrﬁ'ﬁbﬂﬁ'ﬁ)@r of t he currently stored master program
. The routine of FIGURE 9 is entered at step 900 and
proceeds to step 910 wherein a check is made to see if the
lifetime of . thirty minutes of the currently-stored master program
‘guide has expired. If so, the program advances to step 920 to
.acquire ‘and store a new master program guide, and then exits at
10 step 990. . If, at step 910, the lifetime of the currently-stored
_master program guide had not expired, then the NO path is taken
- to step 930 wherein a check is made to see if five mirutes has
.. elapsed since- the last time that change number byte was
~ examined. If the five minute period has not elapsed, then the
15 routine is exited at step 990. If the five minute period has
elapsed, thén_ the change number byte is read at step 940. At step
950, a determination is made as to whether or not the newly-
received master program guide has been éhél_nged from the
. currently-stored niaster progrAm guide. If so, the program _
20 advarices to step 920 to acquire and store a new master program
guxde, and then exits at step 990. I not, then the NO path is taken
to the exit at step 990. Thus, in the normal course of events,
every thirty minutes the master program guide is updated with
. .new information. However, in the event of an unexpected _
25 television program schedule change, the receiver will' correct its
" master program guide within a five minute period, because a
~ -master program guide including schedule data for all active
~ virtual channels is transmitted on ‘every transmiission .channel
- every two seconds, and because a compléte new master program o
30 guxde takes only two seconds to load. o
A bnef description of system hardware, suitable for
implementing the above-described invention, now follows. In .
" FIGURE 6, a transmitter 601 processes a data signal from a source
614 (e.g., a television signal -source) and transmits it to a satellite
35 . 613 which receives and rebroadcasts the signal to a receiver 612. -
Transmitter 601. includes an encoder 602, a modulator/forward
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BRI'EF DiyfefddyegdiON OF THE DRAW NG FI GURES 1 and 2 are il lpcavosssiouoss of a
. typical transmitted data streamfroma transponder in accordance with the
dnventi an. FIGURE 3 is an illustration of a program gui de screen di spl ay -30
.in accordance wi-th the invention. FIGURE 4-is an il | ustration of

“segnent at-i on- of the nmaster. program gui de and speci al - program gui des in,
accordance with the invention. FIGJ 5a and 5b are illustrati ons- of
pr.ogr am data 3 5 struectures in acc ance with the invention.

error corrector (FEC) 603, and an uplink unit 604. Encoder 602
.. - compresses and encodes signals from source 614 acc__ordmg to a.
-5 'predeterm'ined standard such as MPEG. MPEG  is an’international
- standard developed by the Moving Picture Expert Group of the o
'Internanonal Standards Organization for coded representatlon of
moving plctures and associated audio stored on digital storage
: ‘medium. An encoded signal from unit 602 is supplied to
10 modulator/Forward Error Corrector (FEC) 603, which encodes the .
.signal with error correction data, and ‘Quaternary Phase Shift Key
(QPSK) modulates the encoded signal onto a carrier.” Both .
-.. convolutional and Reed-Solomon (RS) block codmg are performed '
. in block 603. S
15 - Uphnk unit 604 transmlts the compressed and
" encoded s1gnal to satellite 613, which broadcasts the signal to a_ -
selected geographic reception area. In this embodiment, satellite ~
613 operates in two modes, which trade - off channel capacity for
transmission power, or transmission power for channel capacity.
20 In the first mode, satellite 613 illustratively transmits sixteen |
channels at 120 watts each. In the second mode, satellite 613
transmits eight channels at 240 watts each. :
_ . The signal from satellite 613 is received by an antenna
: dlsh 605 coupled to an input of a so-called set-top receiver 612
25 (i.e., an interface device situated atop a television receiver). '
. Receiver .612 includes a demodulator/Forward Error Correction -
' (FEC) decoder 607 to demodulate the signal and to decode the
. error correction datd, a microprocessor 606, which operates - _
- mteractwely with demodulator/FEC -unit 607, and a. transport unit
.30 " 608 to transport the signal to an appropriate decoder ‘within unit
. 609 depending on the content of the signal, i.e., audio or video -
information. .Transport unit 608 receives corrected data packets _
- from:unit 607 and checks the header of each packet to determine -
‘its routing. Decoders in unit 609 decode the signal and remove -
35 "added transport data, if used. An NTSC Encoder 610 encodes “the
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\ 5 Fl GURWOS180%1 bl ock di agram of a satellite transmtti il’g?/l‘fl&@@lmﬁ%g' system
. according to the invention. 5 FIGURE 7 is a bloeck diagramof the IRD
- receiver unit. FIGURE 8 is a block diagramof . " the IRD receiver
unit of FI GURES 6 and. 7, in detail. FIGURE 9 is a-flow echart showi ng a
_portion of the control. program of the mcroconputer of the IRD receiver
unit. 10 L )
- o 14 o
decoded signal to a format suitable for use by signal processing
cxrcmts in.a standard- NTSC consumer television receiver 611.
5 _ 'FIGURE 7 is a block diagram showing the components
of the IRD receiver system including the outdoor antenna dish
unit 7-5. - The IRD includes a block 707 including a tuner 734 and
-a demodulator ‘unit 735 for. tuning various television signals. The
IRD ‘is under control of a microcontroller 706, which also controls
10 the interfaces between the IRD and a telephone’ network via a
telephone modem 734, between the IRD and a user via an IR link
725 and between the IRD and a television receiver via .an MPEG
' decoder 723, a video encoder 721, and an RF modulator 722, and
B finally, between the IRD unit and a user via a smart c_ard interface
15 " and transport IC 708. The master program guide is stored, for
example, in RAM 709. :
' , Referring now to FIGURE 8§, demodulator/FEC unit 807
acquires, demodulates, and decodes the data signal which is
received from antenna dish 805. This unit includes a tuner 834, a
20 Quaternary Phase Shift Key (QPSK) demodulator 835, a Viterbi
‘convolutional: decoder 836, a de-interleaver 837, and a Reed-
' Solomon (RS) decoder 838, all of conventmnal design, arranged as
shown. _ : .
. _ ~ Tuner 834 rece_ives an ihput signal from antenna dish
.25 "805. Based upon a user's channel selection, a control unit 806 (i.e.,
" a microprocessor) sends a frequency signal to tuner 834.  This
signal cause tuner 834 to tune to the appropriate channel and to
downconvert the received signal in frequency in response fo the
- tuning frequency signal sent to tuner 834 from microprocessor
30 806. An output signal from tuner 34 is prov:ded to QPSK '
- -demodulator 835.

-QPSK: demodulator 835 locks onto (synchromzes thh)
the tuned channel, demodulates the modulated data s1gnal , and
generates a signal indicative of ‘the quality of the demodulated

'35 - signal. - Demodulator 835 demodulates the modulated input data . -
© " signal regardless of “the error correction code rate of the received
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DETAI LEDVORSTIP1 ON OF THE DRAW NG I n the subject system PERUSPHI8%at i on
<necessary to select a given television programis not. fixedly-progranmed -
i Nt'o each. receiver but is rather is down-loaded fromthe satellite 15

continually on each transponder. The tel evision program sel ection _
di-nformation conprises a set of data known as a Master Program Guide (MPG),
'\'_/\/ni ch relates television programtitl Sg their start ‘and end tines, -a - -
virtual channel nunber to be displayed=to the user, and infofnmation

al l ocating. V|dataak1gmhhnnd’!lmsedockahslpopderrcnﬂryfmeqbamﬂtﬁstm‘n%ﬁo a’

Josition in tgy?lchwﬁfz%” e gtlgﬂt 8f SdérRadulatar ¥34 tﬁﬁhbﬁfhé hgpagrti i cul ar ;
transpondgr s1gnala usn?é ewe (gifwnn%echmques Demodulator 835 generates '
" a-Demodulator Lock output control signal that indicates whether
or not demodulator 835 is synchronized with the input s1gnal .and
supphes this signal to a storage register in mlcroprocessor 806.
. an output demodulated data signal from unit 835.is prov1ded to . -
10 * Viterbi decoder 836. Demodulator 835 also generates an output .
- Signal Quality signal, which is indicative of the quality of the
-signal received from the satellite transmission, and is related to .
the s1gnal -to-noise ratio of the received signal. - Various sources- of :
‘noise, as well as rain fade, may impair the quality of a received =~
‘15 signal. A QPSK demodulator suitable for use as unit 835 is - -
- commercially available from Hughes Network Systems of .
‘Germantown, Maryland (integrated circuit type No. 101 6212), and -
from Comstream Corp.,. San Dlego California (No. CD2000) o
_ Decoder 836 uses a Viterbi algorithm to decode: and to ‘
20 correct bit errors in the demodulated signal from unit. 835. '
- Decoder 836 includes internal networks, as known, to synchromze
‘its operation to the incoming demodulated signal in order to '
effectively decode the demodulated signal.
' After decoder 836 decodes and error corrects the
25 ‘demodulated data signal, the decoded data s1gna1 is supplied to a
' de-interleaver 837.. De—mterleaver 837 restores the ordering of
the data signal to its original sequence, and forms Reed-Solomon™
| blocks (RS blocks), in accordance with known techniques. For. thzs .' R
o purpose . de-interleaver 837 relies upon an 8-bit sync word’ L
30 . inserted by the encoder at the beginning of each RS block, thereby -
providing RS block synchronization. The de-mterleaved signal is .
Lo supphed to a Reed- Solomon (RS) decoder 838. = - L
oL RS decoder 838 decodes the RS blocks and corrects - :
a . byte errors within a block. A decoded signal from Viterbi deécoder '
3’5 836 is provided to RS decoder 838 via de-interleaver 837. If "
' decoder 36 uses the- proper error correcuon decode rate to decode
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t o t.he swbogedeei Nnvention; it is not possible to tune anypcrresssmbosontil| the
First master program gwde is received fromthe satellite, because the
recei ver literal 'y does not know where any- channel is 25 |ocated, in terns
“of frequency and position (i.€. data tine sl ot) within the data stream of
any transponder. Advantageously, the systemis totally flexible in that any
program n'a'y.',be assi-gned, or reassi gneld at any naster program gui de

transm ssi-on ti-me, to .any transponder' ®r data tine slot, in a fashion which
'i's conpl et el yh&Odatar sigimly ate-interleheer 837 ando EmbSotdmon hdecoddranged

programtitl gsgnq"‘ﬁ r&ﬂé%tecr}ﬁﬂﬂﬁlly The probl em of changes in television
schedul e |s.

Thus, :a digital multl-channel transmission system has
been disclosed and -described which allocates television programs
to transponders and to time-multiplexed -slots in the data stream
of a given transponder in a way which is completely transparent
to the user, who simply tunes a desired television program by

10 selecting ‘d virtual channel. Clearly, the key to' smooth operation
'6_f ‘this sys_tem is the transmission of the master and special
channel guides which relate transponder channels and program

. data positions in the transponder data ‘stream to virtual channel
. numbers. The subject invention ensures that the stored master

15 program guide data are current by reloading it every half hour,
and by checkmg every five minutes to see if the content of a
'newly-recelved master program guide differs from the content of
the currently stored master program gu:de '
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‘O\réréorreWQ95¢Im91~a mast er program gui de gref egrSabI'yd:.z t;mst)?lpolg?gg?; 3lalta |
transponders with tel evision program vi deo au .
g;g'ig”repeated periodically, for exanple, every 2 seconds. However, a

systemin which only one 6 or sone of the transponders—carfi-es- the
mast er program guide is al so envi sSi oned, in that a fast mﬂi”m m%ma
enpl oyed to svmtch 5 to the transponcie,; carrying the I 1"’1
a _ . o
> CLAIMS ,
5 1. A ‘television system for recelvmg a plurahty of

dlgrtally-encoded television programs, comprising: .

. means’ for selectmg a partlcular digital data
transmrssron channel from a _plurality of digital data - transmission
channels containing a desired one of said drgrtally-encoded

10 television programs in response to a control srgnal at least one of .

,_: said data transmission channels also mcludmg telev1sron program |

. schedule data;

. user-operable data entry means for entering data,

- control means coupled to said selecting means and to -

I5 sald data entry means for generating said control s1gnal in
Tesponse to said user-entered data; and '
said control means selecting a vrrtual channel from a
Plurality of virtual channels in response to said user-entered data,
_ said television program ‘schedule ‘data defining ' the relationship of -
20 - each of said television programs to respective ones of said
plurahty of digital data transmission channels; :

. said television program schedule data mcludmg _
information havmg a first portion indicative of a time period
during which said television program schedule data is valid, and a

25 second portion indicative of change of content; |

' - . said control means causing said television program .
schedule data to be acquired and stored when: said first _portion of -
said information indicates that said time period has exprred and

. causing said television program schedule data to be acquired and D

30 stored when said second portion of said 1nformatlon mdrcates that

said content has changed regardless of whether said. tlme penod '
has expired. ' '
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-secbnd Wmng@qul d be. tuned to receive the master programglsbwosﬂata The
data rate for transmtting a master program guide. is _approximtely 100 .
kbits per second. The master program guide, once received, is naintai ned

in a nmenory unit in the receiver, and 10 wupdat emﬂmrmum " ’or exanpl e
every 30 m nut.es. -Retention of the mast er progr J il ﬁ\m

‘i nst ant'aneous tel évi si on program sel ection because ‘t hé nkceSsary sel ect I on
data are always avail able. The maste}8programguide has a'lifetime (tine

Wi élhl n 15 V\ﬂl ch its dat arh§ temﬁléﬁrsgdtefﬂl ofdbldtn Uhivheyeifl rsui@Sau pfbyte
| ndicating the, rgrai ol n%mlssxon gﬁannels a?lso fncludé roaq{latrglgwsnon

5 ~ program schedule data

. 3. The television system of claim 1 wherein, said first
'_ portion of said information conveys information indicative of the -
_ time remaining of a time period during which said television
.10 program schedule data is to be considered valid.

4, The television system of claim 3 wherem sald time

perlod during which said television program schedule data 1s to. be

cons1dered vahd is thlrty minutes.
15

'5. _The television system of claim 1 wherein, said

second portion of said information is a number indicative of a
version of said. television program sche'dule data. -

20 | 6. A television system for rece1vmg a plurahty of

digitally-encoded television programs, comprising:
means for selecting a particular data channel from one ‘of a
- plurality of data channels on a plurality of transmission channels
in response to-a control signal, at least one of said transmission
25 channels also including television program schedule data;
user-operable data entry means for entering data;
- control means coupled to said selecting means and to said
_data entry means for generating said control s1gnal in response to
. said user-entered data; and .
30 " said -control means- selectmg a data channel in response to
' said - user-entered data, said television program schedule data
defining the relationship of each,of said television programs to
respective ones of said plurality of transmission channels;
. said television program schedule data including
35 1nformatlon havmg a first portion indicative of a time penod
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transni tw@ds/m;lh every transm ssion of the gui de |tself r¢TI§s9ﬁloa050ut ‘every

< two seconds) In addition to t ifetine of-a master program
gui.de; an."emergency ‘gui de” r‘mﬂmmillmflm' mll providing a way to correct -
errors in the program gui de causect by operator error at the uplink site,
or. caused by a-sporti'ng event running "overtinme" (i.e., beyond its
"scheduled-time). A program guide stat:?s byte (i.e., the "change nunber"

byte). i s checked repeat edly at the edd of every five mnute interval to see.,"
i f the 25 cauHag tmﬁcﬁ fml&aedleﬂswqusreg‘rﬂw sicheidugé daﬁ@eisvﬁdhﬂbtﬁndﬂfat yet -

Wy CRBIRE R, LR . glbnh oo Ao V51 o3 st or program.

P -+ said control means causing said telev1s1on program .
, schedule data to be - acquired and stored when said first portion of
said information indicates that said time period has expired, and
‘causing said television program schedule data to be acquired and
stored when said first portion of said information indicates that

10 said content has changed regardless of whether said ume period
has expn'ed : '

7 The television system of claim 6 wherem, said all of
. sald data transmission channels also mclude sa:d televmon
15 program . schedule data.

- 8. Method for receiving a plurality of dxgltally-
encoded television programs, comprising the steps of:
. selecting a digital data transmission channel from a ~
20 plurality of digital data tra_nsmission channels containing a desired
one of said digitally-encoded television programs in response to a .
control signal, at least one of said data transmission channels also '
including television program schedule data; . :
- , readmg user-operable data entry means for entenng '
25 . data; -
T generating said control signal in respdnse to said user-
entered data; and - ' o
inputting said telev1s1on program schedule data
mcludmg information having a first portion mdlcauve of a time
.30 period during which said television program’ schedule data is .
‘ valid, and a second portion ‘indicative of ‘change of content;
~ controlling said control means to acquire and store

i . said television program schedule data when said first portion of
. said information indicates that said time period has expired, and-
. 3 5 causing said television program schedule data to be- acquired and

_stored when said first portion of said information indicates that |
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progr anwouesudseols | oaded into menory for imedi ate use. Pt:'rmsaslooone

- new y-recei ved msteum,ﬁﬂm”m I s discarded. 30 ' '
Fol owi ng i s an expl ch a system.is inplenmented. As not ed

-above, the system’is capabILe df €ramsmitting. hundreds of prograns. Each
program may include.a nunber of serw ces. A service is defined herein as a
program corrponent ‘such as a video nal , an audio signal, a closed

caption 35 signal, or -other data, i | udi ng execut abl e conput er prograns
for an appr Spid mtmhas«echa@dh regmdlm of w:hethq:rr s@darﬁme period

has explred
.5 : _
9. The method of claim 8 wherein, said all of said data

transm:ssxon channels also include said television program
schedule data
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7 |dent|bw£ﬂu@mna unlque Servi ce Conponent .ldentifier. (seuﬁmmmmum
“information for the respective services is transmitted in packets -5 df.
predet ermined anounts of data (e.g., 130 bytes) and each packet i ncl udes an
SCI D corresponding to the service. A representation of a typical dat a
.stream from one of the transponders is shown in:FIGURE 1, and a typlcal :
packet fromthat data streamis shown in FIGURE 2. In FIGURE 1, a strlng of-
10 boxes ‘represents signal. packets mhlcml e. conponents of a pIurallty of - -
dlfferent tel?¥|3|on prograns transmtte ﬁg a glven PG -

== 104]V4]A1 | D1|V21A2 [D2 V3 |A31 |A32 [D3[V1 jA1]01]V3 A3t A3 |03 04) R

V1 [A1]D1[Vo]Ao]D2]V4 [A1]D1]Va As1 [As2 [P3[DafV4 [Va]Ve

A2 ID2|D3[D4 V4 |A1|Dqf--

 AJADs PROGRAM #1 SIGNAL COMPONENT PACKETS
" [Va[A2[b2] .~ PROGRAM #2 SIGNAL COMPONENT PACKETS -
V3] A31[As2[D3] PROGRAM #3 SIGNAL COMPONENT PACKETS
- [ps] . ProGRAM GUIDE PACKETS - |
Vi] VIDEO PROGRAM i

Ai] ’AUDIO PROGRAM i

Di] DATA PBOGRAM R FIG. 1

R " SERVICE LAYER (PAYLOAD)

’
l4

: .',’- BB | CF | CS scu) :
I l Y  SCD 123|T SERVICE IDENTIFIER
P

.CS IBlT CONTROL SYNC FOR DECRYPTION KEY- - .
- CF IBIT CONTROL FLAG FOR DECRYPTION KEY
BB 1BIT-BUNDLE BOUNDARY -
1BIT PACKET FRAMING

M2
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t ransponges ossroackets with letters having |ike subscript SpdiyoSsces : .
:conponents of ‘a single tel evision program For exanple, packet identified-
as. V1, Al and D1, represent video, audio, and data for 15 ‘programl. In -
t he upper..line of the string of packet's, the respective .conponents .of a- :
particul ar program are shown:grouped together. However,- it is not necessary. -
to -group conponents of a particular programtogether, as indicated by the. -
packet sequence in the niddle of the 52'/3@ Moreover, there is no o
requi rement to 20 . 'place the packets ofd™string.in any particul ar ?o'F_\c’i%;r'. o
The -string of -.packets shown in the |ower portion of. FIGURE 1, repregegts . -
three time nultiplex& programs, prograns ' - P
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1, 2, arWio35199Pus packets representing a program gui de (perksesm083). [t s
*lnportant to note that the data of the program guide 25 interrel ates
.program conponent's. and virtual channels by virtue of the SCID." The Do
.respective packets are arranged to include a prefix and a payload as shown - .
in:FI GURE- 2. The prefix of this exanple includes two 8-bit bytes conprising.
five fields, four of which are 1- byte fields (P, BB, CF, CS),” and one 12-bit .
field (SCID) 30 The Payload.portio tains the actual informatioon to be -
-received and processed.. The exenplar&ﬁﬁ(ﬁflx includes a 1-bit priority - o
field (P)}; a 1-bit boundary field (BB), which indigates boundaries between--. -
’srgnrficant si gnal changes; a-1- bit field (CF), WAEEF‘ ' ' S
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not the payload is scranbled,
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made " at tWeydusometlon of the operators at the satelli te 9%200\9356 :
center. Each special guide segnent includes two sequentia of dat a,
CSSML ... CSSWhseg, and PISML ... PISWhseg, also to be descrl bed bel ow.
FI GURES 5a and 5b illustrate programdata structures of the subject o
systemnot all -of which are relevant to the virtual 35 chanriel ‘sel ection
and updating of. the master.program guide. Only those portion which are- '
rel evant w I | be d| scussed. Referring to _ o
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segrent swoigshegeespect i ve. virtual channel names, virtual @E@mgggma )er s,
-and content types. 15 ' The master guide and every speci al. gw de
contai.n a Channel to Service Segnent Map (CSSM bl ock and a Program: :
l-nformati on Segnent Map(Pl SMj bl ock. The CSSM describes virtual channels by
-defi ni.ng characteristics such as, channel name, call letters, channel
nunber,. and type,  which are' in the 20 correspondi ng segrr_e'nt. The Pl SM

bl ock contains linked li-sts.of programinfornation.such as, title, start
tinme,- duration, rating, and category,g”@t are on each.virtual channel ..
described in the corresponding CSSM ™ * y c .
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Rel*evant WQSIIQQH of the data -structires shown in 25 F %95,&0504 5a

dnd 5b will  be referred to in the followi ng description of the program.
sel-ection process. In order to understand the inportance.of majntaining an.
accurate master programguirde, it nmay be hel pful - to descr.i be how a raster . .
program gui de is used to select a television program Referring to 30

FI.GURE 3, a user selects a television pr for view ng,- by noving a
cursor (via operatjon of ‘renote controliﬁyfﬂﬂ) right, and -teft,

direction control keys) to a block of the progran1QU|de screen dlsplay

whi ch contai ns the name of (bgram The.renote control unlt is -
not. shown for sinmplicity. \When ENTER" . N L

+ T

MINUTES
SINCE CHANGE
. NUMBER BYTE -

940
|/
YES | .
_’; 920
ACQUIRE AND
STORE NEW MASTER -
PROGRAM GUIDE -
i N
y 90

reo i
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35 SELECT key of the remote control is pressed, the current x andf§5s #RY
position of the cursor is evaluated to derive vi rtual channel and program

time information. 5 ' As shown in FI ted above
the master program gui de and special program gw Qﬂ 5 3
segnents (which may be as little as oney segnent or The

| owest virtual channel (100) is always @allocated as the

A DIGITAL TELEVISION SYSTEM CHANNEL GUIDE -
HAVING A LIMITED LIFETIME /

. This invention is related to the field of digital
commumcatlons systems, and is described w:th reference to a
- digital satellite television system, but also may be apphcable to
10 such systems . as a digital cable system, digital terrestrial broadcast -
' system, or a digital communication system which utilizes
telephone lines. The invention specifically concerns a method and
‘apparatus for ensuring that the television schedule data, for
.generating screen displays for controlling the system, are .current.
In a satelhte television commumcauon system, the
satellite receives a sxgnal representmg audio, video, or data
information from an earth-based transmitter. The satelhte
20 amplifies and rebroadcasts this signal to a plurality of recervers,
. located at the homes of consumers, via transponders Qperatmg at
specified frequencxes and having given bandwidths. Such a -
system includes an uplink transmitting poruon (earth to satelhte)
- an earth-orbiting satellite receiving and transmitting unit, . and a
25 downlmk _portion (satelhte to earth) mcludmg a receiver located at .
the user's residence.. The subject matter of the present invention -
is especially concerned with a downlink receiving umt des1gned
for relatively easy use by the user. ' :
The sabject system is designed to utilize two satelhtes
30 within a few degrees of each other in geosynchronous earth-orblt .
stationed ‘at an altitude of 22,300 mlles, approximately over the
~ state of Texas. = With this arrangement, receivers located
anywhere in the contiguous 48 states. of the United States can
.- Teceive signals from both satellites on the same receiving antenna
35 dish without havmg to reposition the antenna dish. Each satellite
 transmits its signals with a respective polarization. Selectmg a
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first channel of seg (0). Each segment contains channel and 10 program
information for a defined nuriber of virtual channels. Upon deriving the
virtual channel nunber fromthe X and Y cursor positi.on information, the
virtual channel nunbefr is used to point into the proper segnent of the
particul ar program gui de (either master program guide, or a special program
guide) to 15 .retrieve the specific. channel information and program

i nformati on. Specifically, the Channel I?fornation (Cl) Records in the CSSM
(Channel to Service. Segnent Map) are a Tixed l'ength of seventeen bytes and
contai n such i satellites for receptiorrobiitsseignals ris uaccomplished ay the audi o and

video), the Ch?&ﬂﬁhﬂg ajiitenfia epy ( 6€18Bting those signals with the appropriate
5 polarization. Each satellite includes sixteen transponders for
transmitting signals to the receiving ‘antenna dish over a range of
frequencies. . Each transponder is nme-multxplexed to convey a’
plurality of television channels (e.g. «» Six to enght channels),
substanually snmultaneously The satellite stgnals .are transmitted

10 in compressed and packetized form, and" comprise television and
ancxllary data mgnals Because the system is 'capable of carrying
as many as two-hundred fifty-six channels, some television
program’ selection method and apparatus, which is easy to
understand and operate, should be provided for the user.

15 o If we look to conventional analog VHF and UHF -
broadcast television as a-guide, we find that the solution provided
-therein is of little help, for the following reasons. The channel

~ number of a given television station corresponds to a fixed band

. " of fre'quencies In other.words, ‘channel 6 in the United States is

20  regulated to occupy the range from 82-88- MHz. Most non-

| technical consumers have no understandmg of the frequency
allocations of the television broadcast bands. Instead, they tune a
desired channel by entenng its channel number into their .
receiver. Their’ Teceiver is programmed with the proper

25 information to perform the -required tuniug to thé desired channel

- by generating . the appropriate bandswitching and tuning .
commands, in response to the entering of the channel. number by
the user; It is possible for manufacturers to build a’ fixed channel .
. number-to-frequency tra'nslation arrangement into -each
30 telev:smn receiver, ‘only because the relatxonshtp between channel
' number and frequency band must ‘conform to a ‘broadcast
standard. :
In the United States. there is a térrestrial television
schedule guide ‘'system known as Starsight® which provides a

35 channel _guide -display for selecting television channmels at fixed

broadcast frequencies. - Stars1ght® data is ‘transmitted in the

This ig the replacament shess

Gae: T 3 MAR g7



20. Xpndr) the channel nunber and short nane (i.e., typically 4
‘characters), and a pointer into the |inked programinformation. In order to
access any specific Channel Information (Cl) it is only required to
repeatedly add 17 to a base value. Programinformation includes the start
day and tine of the program the 25 nunber of 30 mnute slots it occupies,
the thenme category (i.e., drama, sports, conedy), and parental rating. Once
t he channel transponder carrying a desired television programis tuned, the
dat a packets containing the audio and ¥ideo information for that program

can be sel ecyggli¢d|OthictPaBbf 1ERWsivhsCprogantl VoI detiih t Bfoddcagadender by
exam ning thfuéjuaatlﬁf public broadcasting stations (PBS)), and disp‘laye& in the

~ 5 form of a schedule guide on the user's television screen,
Unfonuﬁa(ely. three problems with the .Starsight®' sysiem are -

_ perceived. _First, it can take several hours for a Starsight®
receiver to load its channel guide data due.to its transmission at a
low data rate. Thus, a viewer will not be able to use his - _
10 Starsight® system to tune channels for at least several hours after
‘installing it in his home. Second, the chamiel.-_guide information is
not transmitted on every channel, so_' updating the guide requires -
retuning to the PBS channel, thereby interrupting the viewer's use
. of the receiver during the several hours it takes to reload the
15 -guide. ‘Third, a Starsight® user must choose a several-hour -
- © window in time, which occurs once every twenty-four hoirs, for
‘the Starsight® receiver to download -a current copy of the chaunel
~ guide. . It is important to note that, unexpected changes in -the
" television schedule.cannot be detected by the Starsight® unit if

.20 the currently ‘watched channel does not carry Starsight® signals, -

' and most channels do not .carry those signals. Thus; 'unexpe'éted
changes. in the television schedule cannot be handled ‘within a- .
reasonable time due to, failure of the system to detect those
changes, and the constraint of loading the schedule from-a

.25  particular- broadcast station during a predetermined time window.

SUMMARY OF THE INVENTION
_ " A television system for receiving a plurality of -
digitally-encoded television programs includes an integrated
30 receiver decoder (IRD) having circuitry for selecting a particular
digital . data transmission channel from a plurality of digital data
transmission channels containing a desired digitally-encoded
television program in response to a control signal, many of said
‘data transmission channels also including television program
35 schedule data. The system -also includes user-operable daia entry
circuitry for entering data, and a controller for generating the '
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packets for the proper SCID (Service Corrpo‘lnent | dent i'fier) '12'bit code. If
the SCID of the currently received data packet nmatches the SCID of the-

desired television programas listed in the program guide,

then the data

packet is routed to the proper data 3 5 processing sections of the
receiver, if the SCID of a particular 11 packet does not mat ch t he SCID
of the deS|red t el evi si on program as listed in the program gui de, then that

dat a packet is discarded. 4

10

15

20

25

30

35

.above-noted cont‘rol 'signal in response to user-entered data. The

controller selects a vxrtual channel from a plurality of virtual
channels in response to user—entered data, edach virtual channel
being subject to reassrgnment to a different one of "said plurahty
of digital data transmission charinels, . the television program
schedule -data defimng the relationship. of each of the television
programs to respeciive ones of the plurality of digital data
transmission channels.  The -television schedule data being
repeated several times per minute, and bearing a code indicative
of its usable lifetime. The receiver acquires a new master

program gmde upon determrmng that its current channel guide

has exprred In order to accommodate ‘unexpected changes ‘in
schedule, every few minutes the receiver checks a status byte to
see if the master program guide has changed. The exact number
of minutes bemg predetermmed to be several trmcs less' than the
lifetime of the program guide. ~ If the status byte indicates that the
program guide has changed, then a new _program guide is read in,
without waiting for the current guide o exprre. "The status byte
may be a version number for the mastér program guide, which is
compared to the version number of the currently-stored master

' program guide.

IEF D

FIGURES 1 and 2 are illustrations of a typical transmitted

data stream from a transponder in accordance with the invention..

FIGURE 3 is an illustration of a_program gurde screen drsplay
in accordance with the invention.

FIGURE 4 is an illustration of segmentanon of the master

' program guide and specral program guldes in . accordance wrth the -

invention.
FIGURES 5a and Sb are 1llustrat10ns of program data

. structures in accordance wrth the invention..
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5 Ref erring aga| n to the Segnent Map (SEGM), of FlI GURE 5a,
there are included in the SEGM two bytes of particular interest. The first
is the lifetine byte which is initially -set to thirty mnutes when a new
master programguide is first transmtted. Each transm ssion of that sane
master program 10 guide will have the lifetime byte decremented by an
anmount equal to the tine delay between transm ssions of that guide
(typically, every two seconds). \Wen the lifetine byte reaches a val ue of

zero (indicating ha t he currentlégf_tored nmast er grogram guide is thirty
1

mnutes old), the freist & blaek ghagragyi Qfea|s§t acquired and stored .
for i nmedi at eramenitfing/reeeividgbwyeteth according fo the invention.

"5 FIGURE 7 is a block diagram of the IRD receiver unit.
' FIGURE 8 is a block diagram of a portion of the IRD receiver
.unit of FIGURES 6 and 7, in detall
FIGURE 9 is a flow chart showing a portion of the control
program of the microcomputer of the IRD. receiver unit.
10 S . S
ED DESCRIPTION

In the :subject ‘system, the information _necessary 10

‘ -sclect a glvzn television program is not fixedly-programmed into

. each receiver but is rather is down-loaded from the satellite

15 continvally on each transponder. ~The television program selection

_information comprises a set of data known as a Master Program
Guide (MPG), which relates television program ntles, their start
and end times, a virtual channel number to be dlsplayed to the’
user, and information allocating vn'tual channels to transponder

20 frequencies and to a position in the ume-muluplexed data stream
transmitted by the particular .transponder. In a system accordmg :

_ to the subject invention, it is not possible ‘to tune any channel
until the first master program gulde is received - from ‘the satelhte,
because the receiver literally ‘does not know wheré’ any -channel ‘is

25. located, in terms of freqnency and position (1 e. data time slot)

- within the data stream of any transponder. Advantageously, the
system is totally flexible in that any program may be ass1gned or
reassigned at any master program ‘guide transmission time, to any -

' transponder or data time slot, in a fashion which is completely

30 transparent to the ‘user, who sees only the unchanged program .

' utle and virtual channel. :

The problem of changes in telewsxon schedule is.
overcome in that a master program guide preferrably is
transmitted on all transponders with television program vxdeo,

.35 - audio, and auxlhary data, and is repeated penodlcally, fo_r
| example, every 2 seconds.  However, a system in which -only- one
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‘particular interest is the "change nunber" byte. Each master program gui de
havi ng content- which is different fromthe content of the currently-stored
master program guide will have a different nunber from the
currently-stored master program 20 guide. It is this byte which will be
exam ned to determ ne whet her an unschedul ed change in programm ng has
occurred (i.e., a change in televi-sion programm ng which occurred during
the valid lifetime of the currently- stgred master program guide).
Detection of such an unexpected change”requires the acquisition 25 and
storage of a oresomestofr the dganspopdere cafties hthec miastér qrogyarhi gaide st e

interval (al tfjeyobhaEionea! thi PEatPE’ faR¢ (WR¥r RoutdHe employed to switch
S to the transponder carrying the master program guide, or a '

second tuner could be tuned to receive the master program guide
-data. The data rate for transmitting a master’ program guide. is
approxrmately 100 kbits -per second. - The master program gmde,'
-once recerved is mamtamed in a memory unit in the receiver, and

10 updated penodlcally, for example every 30 minutes. Retention of
the master program guide -allows instantaneous televxsron
program’ selecnon because the riccessary selection data are. always
avarlable

The master program gurde has a llfetrme (time within

15 which its data is considered valid) of thrrty minutes. A byte

" mdrcatmg -the remaining - lifetime of the master program guide is
transmitted with -every transmission of the guide itself (i.e., about
‘every two séconds). In addition to the thirty minute lifetime of a
"'master program guide, an "ernergency guide" is available for

20 providing a way to correct errors in the program guide, ‘caused by
operator error-at the uplink site, or caused by a sporting event
runmng "overtime" (i.e., beyond its scheduled time). A 'p_ro'granr
guide status byte (i.e.; the ' *change number” byte) is checked .
_repeated_ly at the end .of"_ever_y five minute interval to see if the

25 content of the :miaster program guide just received .(but not yet:
stored) is changed from the content of the currently-stored
master ptogram guide. If so, then the newly-received. master
program guide is loaded into memory for immediate use. If not,
the newly-received . master progrim guide is discarded.

30 . - Following is an explanation of how such a system is
-implemented. As noted above, the system is capable of
transmitting hundreds of programs. . Each program may inciude a
number of services. A service is defined herein as a program

- component,. such as a video signal, an audio _srgnal a closed caption

'35 signal, or other data, -including executable computer programs for

an appropriate receiver. Each service of each program .is

This is the replacement sheet
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during the valid lifetine of the currently-stored master program guide, -the
"change nunber" byte of a newly received guide will be exami ned to
determne if a change in nmaster program guide 30 content has occurred, and
whet her or not the new y-received nmaster program gui de should be stored and
used, or discarded. The "change nunber"” byte may be a version nunber for
the master program guide, which is conpared to the version nunber of the
currently-stored master programguide.7 A flowchart 35 illustrating the

portion of th&et?t?tn ed Oby 2 O%Ec?u”éf crrv{creedoenctgoﬁ/eent I_d_enttfier (SCID) The
.mformanon for the respective services is transmitted in packets
5 . of predetermined amounts of data (e.g., 130 bytes) and each
~ packet includes an SCID corresponding to the service. ,

_ A representation of a typical data stream from one of
the transponders is shown in FIGURE 1, and a typlcal packet from
that data stream is shown in FIGURE 2. In FIGURE 1, a string of

10 Dboxes represents signal packets which are components of a
plurality of ‘different television programs transmitted by a ngen )
transponder. Packets with letters having like subscnpts ‘Tepresent
. components of a single television program. For example, packet

_ identified as V1, A1 and D1, represent video, audio, -and data for

15 program 1. In the upper line of the string of packets, the -
respcctwe components of a particular program are shown grouped
together.  However, it is not necessary -to. group componeénts of a
particular program together, as indicated by the packet sequence
~ in the middle of the string. Moreover, there is no requrrement to
20 place the packets of a stnng in any particular order.
_ The string of packets shown in the lower pomon of
FIGURE 1, represents three time multlplexcd programs, programs
1,.2, and 3, plus packets representing a program guide (packets
,D4) It is important to note that the data-of the program guide

25 -interrelates program components and vrrtual channels by virtue
of the SCID. -The respective packets are arranged to include a
prefix and a payload as shown in FIGURE 2. The prefix of thrs .
example ‘includes two 8-bit bytes comprising five ﬁelds, four of
which. are 1-byte fields (P,BB, CF,CS), and one 12-bit field (SCID)

30 The Payload portion contains the actual information to be received
.and processed. The exemplary prefix includes a 1-bit priority

field (P); a 1-bit boundary field (BB), which indicates  boundaries
- between s1gmficant signal changes; a 1-bit field (CF), ‘which '
indicates whether or not the payload is scrambled; a 1-bit field

35 (CS), which indicates which one of two descrambling keys is to be
used to descramble a scrambled payload; and a 12-bit SCID. " The

Thig is ths m*‘uvnﬂnsheei

EATE NN k)

Datz: T3 HAR 937



12 mhlch I'S. relevant to the naster program gui de updating operation is
shown'in FIGURE 9. 5 The routine of FIGURE 9 is entered at step
900 and proceeds to step 910 wherein a check is made to see if the lifetine
of. thirty mnutes of the currently-stored naster program gui de has

expired. If so, the program advances to step 920 to acquire and store a new
mast er program guide,' and then exits at 10 step 990. If, at step 910, the

lifetime of the currently-stored naster 8Drogram gui de had not expi red, t hen
t he NOpath I s taken.

. remainder of the packet comprises the payload which may include
error code parity bits appended to ‘the end of the payload data.
5 : A .master program guide comprises- packetized data
' formatted as defined above, and is assigned a specific SCID, such
as, 0000 0000 0001. - A .master program guide comprises four
- .sequential blocks of data, designated, SEGM, APGD, CSSM1 . .
CSSMnseg, and PISM1 . . . PISMnseg, to be described below.

10 A master program guide typically. includes television
échedules for the next two hours, but may include schedules for
“four, six, or elght hours depending on the size of the memory
allocated to store it in the receiver. In addition to the master

. program guide, - there is also _ p_ro'vided one or more special

15 program guides (SPG), containing additional data, such as, for
example, television program schedules for the following eight-
hours. That is, the master guide holds all information necessary
for selecting current television programs, and the speclal gmdes
_contain information -about future television programs Speclal

20 guides are downloadéd from -the satellite as needed and are not

* retained in memory due to their large size. As shown in FIGURE 4,
‘both the _master program guide and special program guides ate
- partitioned into a’plurality of segmerits of portions (from 0 to 15)

‘ with an index "nseg" indicating the current number of segments

25 comprising the special guide. Each segment carries program

- information for oné or more virtual channels which range from
100 to 999. 'FIGURE 4 shows -only an exemplary allocanon of
virtual channels to segments, and- other groupings can be, and are,
made at the discretion of "the operators at the satellité uplink

30 center. Each spocial guide segment includes two sequential blocks

"~ of data, CSSM1 . CSSMnseg, and PISM1 . . . PISMnseg'. also to be
“described below
FIGURES 5a and 5b mustrate program ‘data structures
of the subject system, ‘not all of which are relevant to the virtual
"~ 35 channel selection and updating of the master ‘program guide. Only
" those” portlon whlch are relevant’ will be dlscussed Referring to
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to step 930 wherein a check is made to see if five mnutes has el apsed
since the last time that change nunber byte was exanmined. If the five

m nute period has not elapsed, then the 15 routine is exited at step 990.
If the five mnute period has el apsed, then the change nunber byte is read
at step 940. At step 950, a determnation is nade as to whether or not the
newl y- received nmaster program guide has been changed fromthe
currently-stored master programguide. 4 1f so, the program 20 advances to
step 920 to aﬁﬂli“re and store a new rragter program gui de, and then exits at
step 990. If URB&: 5at and b, pherﬁggmeakéd.apo(g blockt of tthp -@@dter Thus,

'n the normal pfad gilideVeBheains information about the partitioning of the
5 channel space into segments, and the number of segments. The
Additional Program Guide Data (APGD) block contains a program
guide map which indicates which special program -guide ‘segments
are active, and their location (i.e., the parucular transponder
cairying the segment), as well as the SCIDs of the respective

10 segments. The APGD block contains program information relating
to ratings ‘and theme .of a particular television program. “The APGD
also includes a program guide map associating special guide
segments with ‘respective virtual channel names, virtual channel
numbers, and content types.

15 The master guide and every spec1al guide contam a
Channel to S_ervxce Segment M_ap (CSSM) block and a Program
Information S_egmem Map (PISM) block. The CSSM describes
virtual channels by defining characteristics such as, channel name, )

_ call letters, channel number, and type, which are’in the '
.20 Ccorresponding segment. The PISM block contains linked lists of
program information such as, title, start time, durauon, rating, and

_category, that are on each virtual channel descnbed in the *
corresponding CSSM.

.. Relevant portions. of the data structures shown in
25 FIGURES 3, 4, 5a and 5b will be referred to in the following .

- description of the program selection process. In order to
understand the 1mportance of maintaining an accurate master .
program guide, .it may be helpful to describe how .a master _
program guide is used to select a television program. Referring to

30 FIGURE 3, a user selects a television program for viewing, by |
' moving a cursor (via operation of remote control up, down; right,
and. left, diréction control keys) to a block -of the program guide
screen display which contains the name of the desired program.
The remote control -unit is not shown for simplicity. When a2 -
35 SELECT key of the remote control is pressed, the current x and y
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every thirty mnutes the master programguide is updated W|th new
information. However, -in the event of an unexpected 25 television program
schedul e change, the receiver will correct its nmaster program guide wthin
a five mnute period, because a master program gui de including schedul e
data for all active virtual channels is transmtted on every transm ssion
channel .every two seconds, and because a conpl ete new master program 30

gui de takes only two seconds to | oad. A brief descri ption of system

har dwar e, suitable for i-nplenenting thd Gbove-described invention, now

follows. In Fhédften Bf the! carsdt id %va@&’ﬂtearﬁﬁ‘i&?ﬁ% Fidaap cﬁhﬁﬂé‘i andom a
source program time. information.

5 : As shown in FIGURE 4, and as noted above, the master
program guide and special. program ‘guides are divided into
segments (which may be as little as one segment or as many as
16). The lowest virtual channel (100) is always allocated as the
first channel of seg (0). Each segment contains channel and

10 program mformatmn for a defined number of virtual channels.

: Upon deriving the virtual channel number from the X and Y
cursor position mformatlon, the virtual channel number is used to
point into the proper segment of the particular program guide
(either master program guide, or a special program guide) to

1S retrieve the - specific . channel mformauon and program

- information. Specxﬁcally, the Channel Informatton (CD Records in

" the CSSM (Channel to Service. Segment Map) are a fixed length of

seventeen bytes and contain such items as, the number of SCIDs in .
use (typically 2, audio and video), the channel transponder (Chan
20, Xpndr) the channel number and short mame (i.e:, ‘typically 4
characters), and a pointer into the linked program information. In
order to access any ‘specific Channel Information -(CI) it is only '

. required to repeatedly add 17 to 2 base value.: Program
 information includes the start.day and time of the program, the
25 number of 30 minute slots it occupies, the theme category (1.e .

~ drama, sports, comedy), and parental rating. '

Once the channel transponder carrying a desired
television - program 'is tnned the-data packets containing the audio
_ ~and - video mformatlon for that program can be selected from the

30 data stream received from the transponder by examining the data
packets for the proper SCID ‘(Service Component Identifier) 12 bit
code. If the SCID of the currently received data packet matches
‘the SCID of the desired television program as listed in the
program. gutde then the data packet is routed ‘to the proper data

35 processing sectlons of the receiver, if the SCID of a particular
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614 (e.g., a television signal source) and transmts it to a satellite 35
613 which receives and rebroadcasts the signal to a receiver 612.
Transmitter 601. includes an encoder 602, a nodul ator/forward 13 error
corrector (FEC) 603, and an uplink unit 604. Encoder 602 conpresses and
encodes signals fromsource 614 according to a 5 predeterm ned standard

such as MPEG MPEG is an international standard devel oped by the Mving
Picture Expert G oup of the 11

- packet does not match the SCID -of the desired television program
‘as listed in the program guide, then that data packet is discarded.
5 Referring again to the Segment Map (SEGM), of FIGURE
5a, there aré -included in the SEGM two ‘bytes of particular
‘interest. The first is the lifetime byte which is initially set to
thirty minutes when a new master program guidé is first
transmitted. Each transmission of that same master program
10 guide will have the lifetime byte decremented by an amount
“equal to the time’ delay between transmissions of that guide
(typically, every two seconds). When the lifetime byte reaches a
value of zero (indicating that the currently storéd master program
-guide is thirty minutes old), then a new ‘master program guide is
15 acquired and stored for immediate use. The second byte of
particular interest is the “"change number" byte. Each master
-program guide having content’ which is different from the content
of the currently-stored master program guide will have a
different number from the currently-stored master program’
20 guide.: It is this byte which will be examined to determine
" whether an unscheduled. change in . programming has occurred. -
_(i.e., a change in television programming which occurred during
the valid lifetime of thé currently-stored master ‘program guide).
'Detection of such -an unexpected change requires the acquisition
25 and storage of a new master program guide. At the end .of every
- 'five minute interval (althédgh another time period may be used)
during the valid lifetime of thé currently-stored master program
guide, the "change number” byte of a newly received’ guxde wﬂl be
_ examined to determine if a change in master program guide
30 content has occurred, and whether or not the newly-réceived
master program guide should be stored and used, or discarded.
The “change number" byte may .be a version number for the
master program guxde, which is. compared to the version number
'of the currently-stored master program guide. A flowchart
35 illustrating the portion of the control program for the receiver



I nternational Standards Organization for coded representation of noving

pi ctures and associ ated audi o stored on digital storage nedium An encoded
signal fromunit 602 is supplied to 10 nodul ator/Forward Error Corrector
(FEC) 603, which encodes the signal with error correction data, and
Quaternary Phase Shift Key (QPSK) nodul ates the encoded signal onto a
carrier. Both convolutional and Reed- Sol onon (RS) bl ock coding are
performed in block 603. 1 5 li.JpIink unit 604 transmts the
conpressed and encoded signal to satell'i4e 613, which broadcasts the signal.
to a sel ect ed which aishirelevanepto abe amaster pnogﬂam gmklcd updatings eperdtidn?

is shown in F'IGURE 9. .
5 The routine of FIGURE 9 is entered at step 900 and
proceeds to step 910 wherein a check is made to see if the
lifetime of. thirty minutes of the currently-stored master program
guide has exprred If so, the program advances to step 920 to
-acquire ‘and store a new master program guide, and then exits at’
10 step 990. . If, at step 910, the lifetime of the currently-stored
master program guide had not expired then the NO path is taken
to step 930 wherein a check is made to see if five minutes has
elapsed since the last time that charige number byte was
examined. If the five minute period has not elapsed, then the
15 routine is exited at step 990. If the five minute period has
elapsed, then the change number byte is read at step 940. At step
950, a’ determination is made as to whether or not the newly-
received master program gmde has been changed from the
_ currently-stored master program guide. If so, the program _
20 advarices to step 920 to acquire and store a mew master program
guide, and then exits at step 990. If not, then the NO path is taken
to the exit at step 990. Thus, in the normal course of ‘events,
every thirty minutes the master program guide is updated with
.new information. However, in the event of an unexpected
25 television program schedule. change, the receiver will" correct its
master program guide within a five minute period, because a
" -master program guide including schedule data for all active
virtual channels is transmitted on every transmiission .channel
- every two seconds, and because a compléte new master program _
30 guide takes only two seconds to load.
A bnef description of system hardware, suitable for .
implementing the above-described invention, now follows. In .
- FIGURE 6, a transmitter 601 processes a data signal -from a source
614 (e.g., a television slgnal -source) and transmits it to a satellite
35 . 613 which receives and rebroadcasts the signal to a receiver 612. -
Transmitter 601. includes an encoder 602, a modulator/forward
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613 operates in two nodes, which trade off channel capacity for

transm ssion power, or transm ssion power for channel capacity. 20 In the
first node, satellite 613 illustratively transmts sixteen channels at 120
watts each. In the second node, satellite 613 transmts eight channels at
240 watts each. The signal fromsatellite 613 is received by an antenna

di sh 605 coupled to an input, of a so-called set-top receiver 612 25

(i.e., an interface device situated -3p a television receiver). Receiver
612 i ncludes a denodul ator/Forward Ertor Correction (FEC) decoder 607 to

denodul at e t herosi gorxecton d(FECH <6l eand care uplinkc unite 604 on Bieoder 602
mi cr opr ocessgpnfififssedh afl BHE6@ES Signals from source 614 accordmg to a
© 5  predetermined standard such as MPEG. MPEG is aninternational
standard developed by the Moving Picture Expert Group of the
'Intematlonal Standards Organization for coded representation of
moving plctures and associated audio stored on digital storage
medium. An encoded signal from unit 602 is supplied to
10 modulator/Forward Error Corrector (FEC) 603, which encodes the .
.signal with error correction data, and ‘Quaternary Phase Shift Key
(_QPSK): modulates the encoded signal onto a carrier.  Both
convolutional and Reed-Solomon (RS) block coding are ‘performed
~ in block 603. |
15 - Uphnk unit 604 trausmnts the compressed and
encoded s1gnal to satellite 613, which broadcasts the signal to a_
selected geographic reception area. In this embodiment; satellite
613 operates in two modes, which trade -off channel capacity for |
transmission ' power,  or ‘transmission power for channel capacity.
20 In the first mode, satellite 613 illustratively transmits sixteen
channels at 120 watts each. In the. _second -mode, satellite 613
transmits eight channels at 240 watts each.
The signal from satellite 613 is received by an antenna
: dlsh 605 coupled to an input. of a so-called set-top receiver 612
25 (i.e., an interface device situated atop a television receiver).
Receiver .612 includes a demodulator/Forward Error Correction
. (FEC) decoder 607 to demodulate the signal and to decode the
error correction datd, a microprocessor 606, which operates
interactively with demodulator/FEC - -unit 607, and a transport unit
- 30 " 608 to transport the signal to an appropriate decoder ‘within unit
' 609 depending on the content of the signal, i.., audio or video
information.’ Transport unit 608 receives corrected data packets
from ‘unit 607 and checks the header of each packet to determine -
its routmg Decoders in unit 609 decode the signal and remove
35 added transport data, if used. An NTSC Encoder 610 encodes the
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interactively wi'th demodul at or / PEC uni t 607, and a transport unit 30 608
to transport the signal to an appropriate decoder within unit 609 depending
on the content of the signal, i.e., audio or video information. Transport
unit 608 receives corrected data packets fromunit 607 and checks the
header of each packet to determne its routing. Decoders in unit 609 decode
the signal and renove 35 added transport data, if used. An NTSC Encoder

610 encodes the 14 14
' decoded signal to a format suitable for use by signal processing
cu'cmts in.a standard- NTSC consumer television receiver 611.

5 'FIGURE 7 is a block diagram showing the components
of the IRD receiver system including the outdoor antenna dish
unit 7-5 - The - IRD includes 'a block 707 mcludxng a tuner 734 and
.a demodulator unit 735 for tuning various television signals. The
IRD is under control of a microcontroller 706, which also controls

10 the interfaces between the IRD and a telephone’ network via a
telephone modem 734, between the IRD and a user via an IR link
725 and between the IRD and a television receiver via .an MPEG
| decoder 723, a video encoder 721, and an RF modulator 722, and
. fmally, between the IRD unit and a user via a smart card interface
15 and transport IC 708. The master program guide is stored for
example, inn RAM 709. '
_ Referring now to FIGURE 8, demodulatorlFEC unit 807
acquires, demodulates, and decodes the data signal which is
 received from antenna dish 805. This unit includes.a tuner 834, a
20 Quaternary Phase Shift Key (QPSK) demodulator 835, a Viterbi
-convolutional decoder 836, a de-interleaver 837, and a Reed-
' Solomon (RS) decoder 838, all of conventlonal design, arranged as
shown.
. Tuner 834 recewes an mput signal from antenna dish
.25 '805. Based upon a user's channel selection, a control. unit 806 (i.c.,
~ a microprocessor) sends a frequency signal to tuner 834.  This
signal cause tuner 834 to tune to the appropriate channel and to
downconvert the ‘received signal in frequency in response to the
tuning frequency signal sent to tuner 834 -from microprocessor
30 806. -An output signal from tuner 34 is prov:ded to QPSK |
 demodulator 835.

-QPSK - demodulator 835 locks onto (synchromzes thh)
the tnned channel, demodulates the modulated. data s1gnal , and
generates a signal indicative of ‘the quality of the demodulated

'35 - signal. --Demodulator 835 demodulates the modulated input data . -
" signal regardless of the error correction code rate of the received
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decoded si gnal Yo a format suitable for use by signal processing circuits

I n a standard NTSC consuner television receiver 611. 5 FI GURE 7
i's a block diagram showi ng the conponents of the IRD receiver system
i ncl udi ng the outdoor antenna dish unit 7-5. The IRD includes a bl ock 707
including a tuner 734 and a denodul ator unit 735 for tuning various
television signals. The IRD is under control of a mcrocontroller 706,

whi ch also controls 10 - the i nterfaceq detween the | RD and a tel ephone

Tk 725 and SVevetalne Treseaineksd: BoR Aromieds; denodulatan 86 decoder
723, a video eyrudﬂ-eniz?e%l,thandpmtiaﬁ rofddemoduld@st, 835d with the input
5 signal using well-known techniques. Demodulator 835 generates
a Demodulator Lock output control signal that indicates whether
or not déemodulator 835 is synchromzed with the input s:gnal and
suppbes this signal to a storage register in mlcroprocessor 806.
an output demodulated data signal from.unit 835.is prov1ded to
10 Viterbi decoder 836. Demodulator 835 also generates an output .
Signal Quality signal, which is indicative of the quality of the -
signal received from the satellite’ transmission, and is related to
the mgnal-to-no:se ratio ‘of the received Signal. - Various sources - of :
noise, as well as rain fade, may impair the quality of a received
15 signal. A QPSK .demodulator suitable for use as unit 835 is
commercially available from Hughes Network Systems of -
Germantown, Maryland (integrated ‘circuit type No. 1016212), and -
from Comstream Corp.,. San Dxego California (No. CDZOOO) }
: Decoder 836 uses a Viterbi algorithm to decode. and to"
20 correct bit errors in the ‘demodulated signal from unit- 835,
‘Decoder 836 includes internal networks, as known, to synchromze
-its operation to the incoming demodulated signal in order to
effectwely decode the demodulated signal.
' After decoder 836 decodes and error corrects the
25 '_demodulated data signal, the decoded data signal is ‘supplied to a
de-interleaver 837.. De-interleaver 837 restores the ordering of -
~ the data signal to its original sequence. and forms Reed-Solomon’
blocks (RS blocks), in accordance with known techniques. " For. this
purpose de-interleaver 837 relies upon an 8-bit sync word
30 .inserted by the encoder at the beginning of each RS block, thereby
providing RS block synchromzauon ‘The de-interleaved signal is
supphed to a Reed-Solomon (RS) decoder 838. :
X RS decoder 838 decodes the RS blocks and corrects -
byte errors within a block. A.decoded signal from Viterbi décoder
35 836 is provided to RS decoder 838 via de-interieaver 837. If~
decoder 36 uses the proper error correction -decode rate to decode
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finally, between the IRD unit and a user via a smart card interface 15 and
transport | C 708. The nmaster programguide is stored, for exanple, in RAM
709. Referring now to FI GURE 8, denodul ator/FEC unit 807 acquires,

denodul ates, and decodes the data signal which is received from antenna

di sh 805. This unit includes a tuner 834, a 20 Quaternary Phase Shift Key
(QPSK) denodul ator 835, a Viterbi -convol utional decoder 836, a
de-interleaver 837, and a Reed- SoIonon]«RS) decoder 838, all of

convent | onal e 9tad” {i3HE iotliver 7 o’ HGHESYonH B0BMer 07
838 will operate normally.

5 ' : Thus, a digital mulu-channel transmission .system has
been disclosed and -described which allocates television programs
to transponders and to time-multiplexed -slots in the data stream
of a given transponder in a way which is completely transparent
to the user, who simply tunes a desired television program by

10 selecting ‘a virtual channel. Clearly, the key to' smooth operation
of this system is the transmission of the master and special
channel guldes. which relate transponder channels and program

. data positions in the transponder data -stream to virtual- channel
numbers. The subject inv'ention. ensures that the stored master

'15 program guide data are current by reloading it every haif hour,
and by checking.every five minutes to see if the content of a
'newly-recerved master program guide differs from the content of
the currently-stored master program gurde. ‘

[P by B g nr
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25 805. Based upon a user’s channel selection, a control uni-t 806 (L.e
a mcroprocessor) sends a frequency signal to tuner use
tuner 834 to tune to the appropriate channel and to oTlW@_ ;
received signalin frequency in response to the tuni MEEHTY,

sent to tun rocessor 30 806. An output signal fromtuner
34 is provi gmmﬁllmmlm Iator 835. (QPSK denodul ator 835 | ocks onto
(synchroni zes* wict hy the turred channel enodul at es the nodul at ed dat a

signal, and generat es a signal indi cat}ve of the quality of the denodul at ed
35 si gnal . Denpdul at or 835 denodul at@sAIMS nodul ated input data

5 ' 1:' A television system for recemng a plurallty of

_ dxgxtally-encoded television programs, comprising: .

. . means’ for selecting a parncular digital data
transmission channel from a plurality of digital ‘data - transmission
channels containing a desired one of said dlgltally-encoded _

10 television programs in response to a control sxgnel at least -one of .
said data transmission channels also including television program

- schedule data; -

. user-operable data - entry means for entering data;
- control means coupled to said selecting means and to -
15 sald data entry means for generating said control slgnal in
- response to said user-entered data; and '
said control means selecting a vn'tual ehannel from a
plurality of virtual channels in response to said user-entered data, .
said television program schedule data defining the relationship of -
20 - .each of said television programs to respective ones of said

_ plurahty of digital data transmission channels;.

- " said television program schedule data mcludmg _
information having a first portion indicative of a time period ,
during which said television program schedule- data is valid, and-a

25. second ‘portion indicative of change of content;

' . ..said control means causing said television program . :
schedule data ‘to be- acqmred and stored when- said first portion of -

- said information . mdlcates that said time period has expn‘ed and
causing said television program schedule data to be acquired and "

30 storéd when said second portion of said information 1nd1cates that-

said content has changed regardless of whether' said. tinie period
has expired. '
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15
data si gnal . Phase-locked |oop circuitry in denod Eﬁ%@/ﬁ EN ni zes

t he operation of denodul at 05“ HIUMHM IMMUt 5Lsig - known
t echni ques. Denodul at or dul at or Lock out put Tont r ol

signal that indicates whether” o nét Henbdul ator 835 is synchronized with

the input signal, and supplies this signal to a storage register in .
m cropr ocessor 806. 18

2. The television system of claim 1 wherein, said all of
said data transmission channels also include said television
5 program schedule data.

signal regardl ess of the errar. correction code rat ﬁ@?@%&g Teetved
3
n

3. The television system of claim 1 wherein, said first
portion of said information conveys information indicative of the
~ time ‘remaining of a time period during whxch said television
10 program schedule data is to be considered valid.

4. The television system of claim 3 wherem, sa1d time
penod during which said television program schedule data is to_be
consxdered valid is thlrty minutes.

15
‘5. The television system of claim 1 wherein, said
second portion of said information is a number indicative of a
version of said_ television program sche‘dule data,
20 6. A television system for recewmg -a plurahty of

dlgltally-encoded television programs, comprising:
means for selecting a“particular data channel from one of a
- plurality of data channels on a plurality’ of transmission channels
in response to-a control signal, at least one of said transmission
25 chanhels -also including television program schedule data;
user-operable data entry means for entering data;
- - control means coupled to said selecting means and to said
_data entry means for generating said control s1gnal in response to
. said user-entered data; and
30 " said control means- selectmg a data channel in response to
| said - user-entered data, said television program schedule data
defining the relationship of each,of said television programs to
respective ones of said ph'xralify of transmission channels;
- said television program schedule data including
35 information havmg a first portion indicative of a time penod
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an out put denodul ated data signal fromunit 835 is provi ded to 10 Viterhbi
decoder 836. Denpdufator--835 -al-so-generates an—ett é&; lity

2 kel

si gnal , vvhichl f the quality of tHES S %gglvdfromthe
satellite trans m QE!N'EE i lwel ated to the S|gnaR tio of the
recei ved signal. of noise, as as rain fade, may inpair
the quality of a received 1 5 signal. A QSK dem)dul ator suitable for use
as-unit 835 is comrercially avail able Lrom Hughes Networ k Systens of

Ger mant own, Maryl and (integrated ci rchPt type No. 1016212), and from

Comst ream Coidmring Sehich sgid Gelevisioni progsam Glbhedﬂbe d@ea:adevaﬁﬂﬁ andea a

Viterbi al go b&&iﬂ tﬁoﬂfo‘if)qﬁdi’éigwteo of change of content;

5 - said control means causing said televrsron program
schedule data to be -acquired and stored ‘when said first portion of
said information indicates that said time period has expired, and
causing said television program schedule data to be acquired and
stored when 'said first portion of said information mdrcates that

10 said content has changed regardless of whether saxd ume period
has exprred

7 The television: system of claim 6 wherem. said all of
. said data transmission channels also include said television
15 program schedule data.

. 8. Method for receiving a plurality of digitally-
enicoded television programs, comprising the steps of:
- .selecting a digital data transmission channel from a
20 plurality of digital data tra_nsmission channels containing ‘a “desired
one of said digitally-encodéd television programs in response  to a
control signal, at least one of said data transmission channels also
including television program schedule data;
- readmg user-operable data entry means for entenng
25 . data;
' generating said control slgnal in response to said user-
entered data; and . - '
inputting said television program schedule data
including information having a first portion indicative of a time
30 period during which said television program schedule data is
' valid, and a second portion -indicative of .chan.ge of content;
~ controlling said control means to acquire and store
said _television program schedule data when said first portion of -
_ said ‘information indicates that said time period has expired, and-
- 35 causing said television program schedule data to be- acquired and
~stored when said first portion of said mformz_mon indicates that
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20 correct bit errors in the denodul ated si TRl ogedpepoder 836
i'ncl udes internal networks, ars“u mu‘muu iﬁ“ ’llﬁié&‘%%; %§| on{to the

i ncom ng denodul ated si gnal t vgl y -de dul at ed
signal . After decoder 836 decodes and error corrects the 25 denndul ated
data signal, the decoded data signal is supplied to a de-interleaver 837.
De-interl eaver 837 restores the orderigzg of the data signal to its original
sequence, and fornms Reed- Sol onon bl ock RS bl ocks), in accordance with
known techni quesid kontddtl hapuchatfed degardless of Whetler rsaid eﬁmﬁpg&i@ﬂ 8- bi t
sync word 30 hnserte.d Hy t he encoder at t he begi nni ng..of each bl ock, '
t her eby ex

9. The method of claim 8 wherein, said all of said data
transmission channels also include said television program
schedule data
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provi ding RS bl ock synchroni zation. The de-interl eaved signal is supplied
to a Reed- Sol onon (RS) decoder 838. RS decoder 838 decodes the RS bl ocks
and corrects byte errors within a block. A decoded signal fromViterb
decoder 35 836 is provided to RS decoder 838 via de-interleaver 837. If
decoder 36 uses the proper error correction decode rate to decode 16 the
data signal, de-interleaver 837 and Reedggol onon decoder

A DIGITAL TELEVISION SYSTEM CHANNEL GUIDE HAVING A LIMITED
LIFETIME

Abstract

A television system for receiving a plurality of digitally-encoded television programs
includes circuitry for selecting a particular digital data transmission channel from a
plurality of digital data transmission channels containing a desired digitally-encoded
television program in response to a control signal, at least one of the data transmission
channels also including television program schedule data. The system also includes
user-operable data entry circuitry for entering data, and a controller for generating the
above-noted control signal in response to user-entered data. The controller selects a
virtual channel from a plurality of virtual channels in response to user-entered data,
each virtual channel being subject to reassignment to a different one of said a plurality
of digital data transmission channels, the television program schedule data defining the
relationship of each of the television programs to respective ones of the plurality of
digital data transmission channels.

FIGURE 9
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838 will operate normally. 5 Thus, a digital multi-channel
transm ssion system has been di scl osed and descri bed which all ocates

tel evision prograns to transponders and to tinme-nultiplexed slots in the
data stream of a given transponder in a way which is conpletely transparent
to the user, who sinply tunes a desired television programby 10 selecting

a virtual channel. Cearly, the key to s h operation of this systemis
the transm ssio f the .master and speci hannel gui des ﬁgl ch relate
transponder cha | s and program data positions in the tra

stream to virtu rcmm-rpl nunbers. _The Sp‘b]m‘l‘ll nventlon egsures that the

storejd mast er. WW Ast [Az |03|V1lA1 D1Va|Ast |As2 iD3!D4|)

gonder dat a

PRI 1 PRI
1IM[PV2lA2P2Vi 121 P1[Va[Ast YA
TIME

PG

_ *F—"‘Mm |
A2 [02[D3[D4 V4 Pao}--

I PROGRAM #1 SIGNAL COMPONENT PACKETS

" [olAolos] - PROGRAM #2 SIGNAL COMPONENT PACKETS
Va[As1 [As2[D3] PROGRAM #3 SIGNAL COMPONENT PACKETS

D4 - .PROGRAMGUDEPACKETS . =

Vi] VIDEOPROGRAMi -

" AUDIO PROGRAM |

o oweRA ot

PREFX ™ SERVICE LAYER (PAYLOAD) ___

'--‘
4

|BB|CF

SClD

P cs '
V - SCD 12BIT SERVICE lDENT [FIER - ..
.CS lBlT CONTROL SYNC FOR DECRYPTION KEY- -
. - CF_[BIT CONTROL FLAG FOR DECRYPTION KEY
'P BB 1BIT-BUNDLE BOUNDARY '
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15 brogran1 gui de data are current by reloading it evéry'half hour, and by
checking every five mnutes to see if the content of a new y-received
master program guide differs fromthe content of the currently-stored

master program guide.
tel evision systemfor

17 16 SEP 1999 What

is clained:-

1

A

receiving a plurality of digitally-encoded television
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prograns wherein each of said digitally-encoded television prograns is’
associated with at | east one of a plurality of digital data transmi ssion
channel s, each of said digital data transm ssion channels has the capacity
to transmt at |east one digitally-encoded tel evision programand at | east
one of said plurality of digital data transm ssion channels includes
tel evi si on program schedul e data, said system conprising: - nmeans
responsive to a control signal for sﬁr ting a particular digital data
transm ssion channel fromsaid plurality of digital data transm ssion
channel s; and - control neans coupled to sad selecting neans for

generating said cont §o I gna an ?ﬁﬂ?ﬂTﬁrﬁjll am schedul e data
bei ng updated at pregeterim ned : . : . )
. _ | . . - -
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ti-me intervals and conprising: - a first data structure defining the
rel ati onship of each of said television prograns to respective ones of said

plurality of digital data transm ssion channels, - a second data
structure indicative of a time period during which said defined
rel ati onshi ps are valid, and - a third data structure indicative of -a

change in said defined relationships; said control nmeans causing said first

data structure (MPG of said tel evi si&n/ er)gram schedul e data to be
acquired and stored in §?id system
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18 when said second data structure indicates that said valid tinme period is
| ess than a predetermned tinme period or when said third data structure

i ndicates that said defined rel ationshi ps have changed; said control neans
examning said third data structure.nore often than sai-d second data

structure. 2. The tel evision syst%glof claim1l1, wherein each of sai d
digital data transm ssion channels i { dBs said tel evision program
schedul e data. 3. The tel evision systemof claim1, wherein said tine

period of said second
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data structure is of the order of thirty mnutes. 4. The tel evision
systemof claiml1l, wherein said third data structure conprises information
i ndicative of a version of said television program schedul e data. 5. A
met hod of receiving a plurality of digitally-encoded television prograns
wherein each of said digitally-encoded t-el evision prograns is associ ated
with at least one of a plurality of glijgggal data transm ssion channels,
each of said digital data transm ssion channels has the capacity to
transmt at |east one digitally- encoded tel evision programand at | east
one of said plurality of digital data transm sioné;hannels I ncl udes

tel evi sion program schedul e data, said nz%hgﬁ E% si ng:-
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19 - - selecting a digital data transm ssion channel including television
program schedul e data fromsaid plurality of digital data transm ssion
channel s, said tel evision program schedul e data bei ng updated at

predetermned tine intervals and conprising: - a first data structure
defining the relationship of each of said tel evision prograns to respective
ones of said plurality of digital data transm ssion channels, - a

second data structure indicative of a WVWB period during which said
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defined rel ationships are valid; and - a third data structure -

I ndi cative of a change in said defined relationships; exam ning said second
and third data structures of said tel evision programschedul e data of -said

selected digital data transm ssion channel, said third data structure being

exani ned nore frequently than said secogﬁs[gata structure; - acquiring
and storing said first data structure o) id tel evision program schedul e
data of said sel ectedsdigital detes | n gaid systemif
said valid tine per;-drnl.s-J ess ‘ ] i rre peRiod or if said
exam nati on of said dat a @Lu e indi cagds L i jJl defined
rel ati onshi ps have It 6. e meEhod ofighl qlasrg&_ rein each of
H . . El --oy r—1] s
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channel s includes said tel evision program schedul e data.
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What is claimed :-

1. A television system for receiving a plurality of digitally-encoded television
programs wherein each of said digitally-encoded television programs is
associated with at least one of a plurality of digital data transmission channels,
each of said digital data transmission channels has the capacity to transmit at
least one digitally-encoded television program and at least one of said plurality of
digital data transmission channels includes television program schedule data, said
system comprising :
- means responsive to a control signal for selecting a particular digital data
transmission channel from said plurality of digital data transmission channels; and
- control means coupled to said selecting means for generating said control
signal; and
said television program schedule data being updated at predetermined
time intervals and comprising :
- a first data structure defining the relationship of each of said
television programs to respective ones of said plurality of digital data transmission
channels,
- a second data structure indicative of a time period during which said
defined relationships are valid, and
- a third data structure indicative of a change in said
defined relationships;
said control means causing said first data structure (MPG) of said

television program schedule data to be acquired and stored in said system
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when said second data structure indicates that said valid time period is less than a
predetermined time period or when said third data structure indicates that said
defined relationships have changed;

said control means examining said third data structure more often than

said second data structure.

2. The television system of claim 1, wherein each of said digital data

transmission channels includes said television program schedule data.

3. The television system of claim 1, wherein said time period of said second

data structure is of the order of thirty minutes.

4. The television system of claim 1, wherein said third data structure
comprises information indicative of a version of said television program schedule

data.

5. A method of receiving a plurality of digitally-encoded television programs
wherein each of said digitally-encoded television programs is associated with at
least one of a plurality of digital data transmission channels, each of said digital
data transmission channels has the capacity to transmit at least one digitally-
encoded television program and at least one of said plurality of digital data
transmission channels includes television program schedule data, said method

comprising :
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- selecting a digital data transmission channel including television program
schedule data from said plurality of digital data transmission channels,

said television program schedule data being updated at predetermined
time intervals and comprising :
- a first data structure defining the relationship of each of said television
programs to respective ones of said plurality of digital data transmission channels,
- a second data structure indicative of a time period during which said
defined relationships are valid; and
- a third data structure indicative of a change in said defined relationships;
examining said second and third data structures of said television program
schedule data of said selected digital data transmission channel, said third data
structure being examined more frequently than said second data structure;
- acquiring and storing said first data structure of said television program
schedule data of said selected digital data transmission channel in said system if
said valid time period is less than a predetermined time period or if said
examination of said third data structure indicates that said defined relationships

have changed.

6. The method of claim 5, wherein each of said digital data transmission

channels includes said television program schedule data.



