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A DIGITAL TELEVISION SYS1EM CHANNEL GUIDE : 
HA VINO A LIMITED LIFETIME 

FJBI.D OF THE INYijNTION · 
. This invention is re.lated to _the field of digital 

·communic~ti-otis systems, and is described with reference to a 
digital sateilite television" system~ but aiso ~ay be applicable". to . 
. such systems . as a digital cable system, digital terrestrial broadcast . 
_system, or a digital co~munication system whi<?h ·utilizes 
telephone lines. The invention specifically concerns a method· arid · · · .. 
·apparatus . for ensuring that the television scf:tedule· data, for 
. generating screen displays for controlling .the sys~em, are .cl_irreilt. · · 

BACKQROUNP OFTFIE IN\lENTION 
In a $atellite television commun~_cation system, the 

· satellite receives a sign.al representing audio, video, or . data . . . 
-information from an earth-based transmitter. The sat~llite . . . 

2 0 amplifies and rebroadcasts ~his signal to a plurality o_f _receiv_ers, 
located at the ho~es· of consumers~ via _transponders opera~ng at · · 
spe~ified frequencies and ·having given bandwidths. s·uch a · · · 
syste~ includes an uplink transmittin,g portion (earth to satellite), 

. . . 

an earth-orbiting satellite_ receiving and transmitting uni_t,-.. ~n:d a: 
2 5 downUnk portion (satellite to earth) including· a_ receiver. located at 

the user's residence.". The subject matter of the present invention · 
is especially concerned with a downlink receiving ·unit designed 
for _·relatively easy use .by· the user. . . · . . .. 

The subject system is designed to utilize · two satellites . . . . 
3 0 within a few degrees of each other in geosynchronous ·earth-orbit . 

stationed · ~t an altitud~ of. 22,_300 mi~e~, appro~imat~ly o~_er the . : 
· state ~f Texas. · . With this arrangement, receivers lacated . · . . . . . 

anywher~ in the contiguous 48 states . of the U~~ted States can 
rec~ive signals from bot~ satellites on the same rece~ving . antenna · 

3 5 . dish withQut having to reposition the a~tenn,a dish. Each · sa:tellit~ 
transmits its signals with a ,.espective ·polarization. Se1¢cting: a 

jThi•lif fi~ lliilllllilllilre, 
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s·atellite for reception of its signals is accomplish~d at the . 
r~ceivjng_ ani~tina py · ·selecting those signals with the appropriate 
polarization. ~a~h satellite includes sixteen transponders for· 
transmitting. signals · to·: the receiving ·-antenna cf:ish over a range ·of 
frequencies. . Each. transponder js time-multiplexed to convey a . 
plurality· of television channels (e~g., six to eight channels), 
substantially simultaneously .. The. satellite ·signalS .'are transm~tted 
. iit cornpresse<l and 'packetized forin, and . 'comprise television and 
ancillary data signals. Becau.se the . system is . capa)?le of carrying. 
as many as two ·hundred fifty~six chal)nels~ some television . . 

program· selection ·method and appai:at~s, which •s easy to 
understand ~nd · operate, should be provided for the user. · · 

If w~ look _to convention.al 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 coi-resp~nds . to . a fixed band 

· of frequencies.· ln other. words, .. channel 6 in the United States ·is 
. regulated to. occ~py the· range from 82-88· .MHz. Most non..: 

tec·hnicai co_ns.umers have no understanding of ·the frequency 
·allocations of the television broadcast' bands. Instead, they tune a 
desired c~annel . by _.eniering its c~annel number into their . 
receiver. Their· .receiver is programmed with the proper 
inf ormatio~ to perfo~m the · required tuniiig to the desired channel 
_by generating . the appropri*te· bandswitc'1ing and tuning 

. .. 
commands, in response to the entering of the channel. number by· 
the user~ It .is possible ·for .manufacturers to ·build ~·fixed channel 
n~m~er-to-fre':luency transl.ation ~rrangement into ·each 
television receiver, ·only becau~e tqe relationship between channel 
~umber and frequency band must .. conform. to. a . broadcast 
standard.· 

In. the ·.United .States, there is a terrestrial ·television 
schedule guide :syste~ ·known· as Starsight® ·which proyides a .. 

. channel gui~e ·display for selecting television· channels at_· fixed 
broadca~t ·rreq~encies.· ·. "Starsighi® d~ta is· transmitted in the 
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· vertical · inter~al of· t~levisions programs of certain b~oa4casters 
· .(usually publjc broadcasti~g stations (PBS}), and displayed in· the . · 

form of a schedule guide on the user's telev.ision screen ... 
Unfortunately, three problems with the· .Starsight®. system are , 
perceived ... First,. it can take several hours for a Starsight® 
receive~ to load its channel' guide data due. to its transmission· at a · 
low data rate. Thus, a viewer will not be abie to use· his· . . 
Starsight® system io tun~ channels ·tor _at. least several ho~rs. afier 

· installing it in his home. Second, the channel ·guide lnf ormation is 
not transmitted on. every. channel, so.· updating' the guide_ requires 
retuning to the P~S channel, thereby interrupting the v_iewer·~· use 
of ·the receiver· during the several hours it takes to reload the 

1 S .· ·guide~ ··Third~·· a Starsiglit® user must ~hoose a severai-hour . 
·window · in time, whiCh occurs once every twenty-four hours, . fq:i ... 

·the Star~i.ght® receiver to. download ·a ~urrent c·~PY of' the ·ch~nnel . 

20· 

2'5 

. . .. 
guide. . It is important to note that, unexpected. changes in ·the 
:television schedule· . cannot be detected by the Starsight® unit if 
the currently ·watched channel does not carry s·t3rsight® signals, · 
and most chan.nels do not .carry those signals. Thus·, ·unexpected 
changes. i~ the teievision sche~ule cannot be handled ·within a· .· 

reasonable· time due to, failure of the system to detect diose · · · . . . . . . 

changes,. and the constrai.nt of loading the schedule fro~- a 
particular · broadcast station during a predetermined time window. 

SUMMARY OF TIIE INVENTION 
A television sys~m for receiving a plurality of · 

·di$itally-encoded television · programs includes an integrated. 
3 0 receiver . decoder. (IRD) having circuitry for sel~cting a P•rticular 

digital. data transmission ch~nnel from .a plurality of: dig_ital data. 
tra~st'.nissi.on ·.channels . containing a desired dig~tally-encoded . · . 
television program in response to a control signal, many of said 

··data·. transmission ·channels also. including television p~ogr~m 
~- 3.5 . schedule . da~a. The syste~ also includes user-operable data entry 

cjrcuitry for entering data,. and a controller · (or. gene_rating -the · · 
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.aJ>ove-noted .control signal· in respon~e to user-entered data. The 
coniroller se~e.cts· a :virtual° chanriel from a . plur~lity of virtual 

5 ch~nneis in response to use~~e~tered data, each virtual . channel 
being subj~ct to reassignment . to a different one .of.· said plurality 

. of .digital data transmission channels, . the te~evision program 
schedule .. data defining the relationship. of each of the television 
proga~s to. respeciive o~es Qf. the plurality. of digital data 

1 0 . . transmission channels." . . The ·television schedul~ data being . 
repeated several times per minute~ and bearing ·~ code .indicative 
of its usable lifet~me. : .The· receiver. acquires a .new master 
.program guide u_pon. deter~ini~g .that its current channel guide 
has expired.· ID: order .to accom~odate un~xpected changes in 

I 5 schedule, every few minutes th~ receiver checks a· status byte to 
see if t~e master program guide has changed. . The exact number . . . 

of minutes being predetermined to be· several times· less· _than the 
lifetime of the program guide. · If the status byte indicates that the 

. . . 

. program guide has changed_, then a ne~ . program guide is read in, 
2 0 . without waiting for the current guide to expire~·. · The status byte 

may be a version .number for the master ·program guid~; which is 
compared to the . version number of .the currently-stored ma·ster 
prpgram guide. . 

,., 
. . 

2 5 BRIEF DESCRIP11QN OF THE DRAWJNG 

. . 
.FIGURES .1 and. 2 .are i~lustradons of a typical transmiited 

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

FIGURE. 3 i~ an. illustration of a program guide . screen ·display . . .. . .. 
3 0 in ·accordance with ·the invention. · · · . . . . . . 

FIGURE 4 i~· an illustration of seg~entation of t~e master 
program guide and special program guides . in . accordance .. ~th the . . . . 

invention .. 
· FIGURE·s Sa· ~nd _"sb. · are niustr~tio:ris of pro.gram· data 

3 5 . structures .in . accordance with the invention .. · 

This 1lifil!1 iliilm1ilfliicec 
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FIGURE 6 is a block diagram of a satellit~ .: 

transmit~ing/r~ceiving· system .according to· the invention. . 
5 · FIGURE 7 is a block diagram of the IRD rec~iver unit .. 
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FIGURE ·g· is a block diagram of a portion ··of .the .JRD receiver 
,unit of FJ:GURES 6. and 7, in detail.. . , ·' 

FIGURE 9 is a flow chart showing a portion of the control ·. . . . . . 

program· of the microcomputer· of the I~D~ receiver u_nit. 

DETATI .ED DESCRIPIION OF Tim DRAWING 
In· the .suQject ·system, the infotmatfon . nece$sacy to 

select a . given television program is n_ot. ·fix~dly.-programmed: i~to . 
each receiver but is rather is down-loaded fr~m the satellite 
continually on each transponder. · The television· program selection ·· 

. information comprises a set of data known as a Master .. Program · 
Quide · (~G), which relat~s televisiQn program _titles·~ ~heir star~ . 
and end times, a virtual channel nuinber to be displayed to the · 

. . . 
user, and information allocating virtu~l chann~ls to. ~ansponder 
frequencies and to a position in the time-multiplexed data stream . . ·. . 

transmitted by the particular.. transponder. In a system according 
to the . subject invention, it is n~t possible· ·to tune an~ chann~l . 
-until the first master program guide is received from ·the · satelli~e, .. 
because the receiver literally ·does not know where; .any ·chm.net ·is 
located, in terms of frequency and position (Le~ data tiril~ . ~lot) . : · 
wit~in ·the data stream of any transponder. Advantageously, the 
system . is "totally flexible in that any· program may be . assigned, or 

.. . .. . 

rea.Ss~gned at any master program ·guide transmissio~ time, :to .. any · · 
·transponder or data time slot, in a fashion which is completely · · 
transpai'~nt to the ·u~e~, who sees .only the unchanged progra~. 
title and virtual channel. 

The probiem of changes in television schedule. is. 
overcome in that a master program gui4e preferrably. is . . . . . 

transmitted on all transponders with television program . v~deol ·. 
. audio~ and: ~uxiliary data, and is repe~ted ·periodic~lly' f(>~ . . . 

example; every 2 seconds. · llowever; ·a· systeqi in which ·only· .. one 
. . .·· 
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.• . or soine of the transponders catties the master program ·guide is 

~s~ envisioned, bi· that .a fast tuner could be emp.loyed t~ .switch 
5 to the transponder. carrying the master': program . guide, or a. 

second tuner could be tune~ to receive the. master program guide 
. data. The data rate for transmitting a master · program guide is 
approximately 100· · kbits .per second. · · '.fhe ·master· program guide, 
.once recei:'-'ed, .is ·~aintained in ·a ·memory. unit i~ the receive~, and 

1 0 updated periodically, -for. example every 30 mi~utes. Reteniion of· 
the master ·prog~a~ · · gl'.'ide · allow.s · instantaneo~s ·tel.e~ision 
progrartf sele~tiOn ~ecause ·the" necessary selection data ~re. always 
available .. 

The master program· gtiide has a lifetime (time within 
1 5 which its . data is considered ·valid) of. thirty minutes. · · . A byte 

in~icating . ~he· remaining:· lifetime of the master progr~m guide is 
transmitted with ·every transmissi~n ·of the guide itself (i.e., about . . . . 
every two ·se~onds). In addition to the t~irty minute lifetime of a 

.. ·mast~r: pr~grani guide, an "~mergency guide" is available for 
2 0 providing a way to correct ~rrors in . the program g~ide, ·caused by 

operator error at the uplink site, or caused ~y a ·.sporting event . 
running novertlme" (i.e~, beyond its scheduied time). . A ·program 
g~ide ·status byte ·.(i.e.; t~e !'change ·number" byte) is checked . 
~epeated~y at the e~d ·.of .. every five minute interval to see . if ~e 

2 5 content of the ·.master program guide. just received . (but not yet . 
stored) is changed . .from the" content. of the cµrrently-stored 
maste~ program ·guide·. If so, then the. ~ewly-received., masier 
program guide is lo~ded into mes:ilory for imm~diate use. If not, 
the newly-r~ceived . master .Progra~ gui~e is discarded. 

3 0 · . · ·. Following is an explanation of how such a system is 
. implemented. As noted aboye, the system is capable of 
transmitting hundred~ . of programs. . Each program may include a 
number of services .. A .service is defined he~ein· as .a program 
component,._ s.uch as a video signal, an audio ·signal, a closed caption . . 

.. 3 "5 signal, o~ other data~ . -inch~ding . executable computer programs . for 
an .appropriate receiver. Each serviCe of each program .is· · 
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i~enrified by a ·unique £ervice t.,omponent Id.entifier. (SCID). · ·~he 
_.information (or the respectiye servi~es is trans~itted in packets · 

5 : of predetermined amounts of data (e.g.," 130. bytes) and ·each . : 
packet· includes an SCID corresponding to the servjce. . 

. A representation of a typical data strear_n from . one of 
· the . transponders· is . shown in FIGURE 1, and a tyPi~al packet from 
. that .data stream _is shown in FIGURE 2. In FIGURE_· 1, a string of .. 

. 1 O boxes represents signal packets which are components of a 
plurality .of ·different television programs transmitted by.. a given . 
tran~ponder .. Packets with letters having . like subsc#pts : repre~~nt 

· . components of a single te~evision program. . For example,· packet 
identified ·as Vt, At and Dt, represent video,. audio,· and data for. 

1 5 program 1. In the _upper li~e of the string of packe~$, the · 
respective components of a particular program are s"iiown grouped 

. ·together. · Howev~r, it is not necessary to. group components of a 
particular progra~ together, as indicated by the packet sequence 
in the . m_iddle of the string. . ·Moreover, there is ·no requirement_ to 

2 0 place the packets of a string in any particular or9er. · .·· . - ·' · .. · . 
The string of packets ·shown in ~he lower portion . of. 

FIGURE 1, represents three time multiplexed programs, programs 
1,. 2, and 3, plus packets representing a prograin_ guide _·(packets 
_D4). It is important .to note that the data· of the program guide· 

2 5 · interrelaies program comp~nents. and ~irtual channels ·by virtue 
of the SCID .. · The respective packets are ~anged to include a . 
Prefix and a payload as shown in FIGURE 2. The prefix of ihi~ .· 

· example :_includes two 8-bit bytes comprising· five. fields, four of 
. whjch. are 1-byte fields (P,BB,CF,CS), and one 12-bit fi~ld (SCIO) .. ·. 

3 0 The· Payload portion contains the actual informatiqn t~ be receiv~d 
.. and processed. The exemplary pr~fix includes a · _1-bit priority 
field (P); -a l-bit boundary field (BB), which indicates· ~oundaries 
b~tween signi(icant signal changes; a .1-bit field (CF), ·which · . 
in~icate~ whether or not the payload ·is scrambled; a .1-bit field 

3 5 · (CS). whfoh ·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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. remaind~r of. the pa~kef comprises the payload which. may include . 

error cod~ pai:ity bits appended to ·the end of the payload data. 
5 A . ma.ster program guide comprises · packetized data · . 

formatted as defl~ed above, ·~d is assigned a specific SCID~ such 
as,. ·0000 0000 0001. · A .~aster program guide comprises (our 

. sequential ~lacks of d~ta, designated, SEGM, APGD, CSSMI ... 
CSSMnseg, and PISMl ... PISMnseg, .to be described. below. 

·I 0 A maste! program guide typically includes television. 
sch_edules for. the . next two· hours, bu_t may _include schedules for 

··four, six, or eight hours depending on the size of the ·meµiory . . 
. allocated to store it in the ·receiver. In addition to the ·master 

program guide, · there is also . p;rovided one or· more special 
15 program guides (SPG}, containing additional data~ s~ch as, for 

example, television program schedules for the following eight · 
hours. That is, the master guide holds all information necessary 
f ~r selecting current televis~on · programs, and·. the special guides 

. contain information · about . future television programs. · Spedal 
2 0 guides •re downloaded from .. the satellite as needed and are not 

retained in memory due to the~r l~ge size. As shown in FIGURE 4, 
··both ·the . master program guide and special° program guides· ate 

· panitioned into a · plurality · of segments ·ot portions· (from· O to _15) 
with an index "nseg" indicating .. the current number of segments 

2 5 'comprisi1_1g the special guide. . ·Each segment carries program 
in(ormation for one or more virtual · channels which ·range from 
100 to 999. · FIGURE 4 shows only an exemplary allocatio.n of 

· virtu_al channels to ~egment~, and · other groupings can be, and are, 
made at the d~scretion of · the· operators . at the sa~ellite uplink 

3 0 center. ·Ea~h sp~cial guide .segment include$ two se_quential blocks 
of data, .CSSMI . . . CSSMnseg, and PISMl . . . PISMnseg·, also to be 
described below. 

FI9URES Sa and· 5b illustrate program ·data structur~s 
of the subject system, : not all of which are relevant to the virtual 

· 3 5 c~annel selection and updating of the master ·progra~ ·guide. Only 
those· portion which are ·relevant· will be discussed. · Referring to 

SUBSffTUTE SHEET (RULE 26) 
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FIGURE~ Sa ~d Sb, the .$.ument .Map (SEGM) bl~k of·the ·.master 

· . pro~ram guid~ contains jnfor~ation about the partitioning of the 
·. 5 channel space into_ seg~ents,. and the number .of_ .segments .. · !h~ 

Ad~itional f,rogram .Q.uide ll.ata (APGD) bloc.k co~tains a _.,rogram · . · · 

10 

15 

20 

· guide· ·map which indicates which special program .guide ·segments · 
·are active~ and their location ·(i.e., the particular transponder · · . · 
catryin~ the segment), as: well as the· SCIDs of the respective 
segments. The APGD block contains program information relating 
to rati~gs · and theme . of a particular tel~vision program. ·The APGD 
also includes a program guide map associating special guide . . . . 
segments with ·respective virtual channel names, virtual channel 
numb~rs, and content types. . 

The master guide arid every special guide ·c~ntai~ a 
· .C.hannel ·to S.ervice .S.egment M.ap (CSSM) :block ·and -a Program . . . lnfo~ation .S.egm~nt Map· (PISM) block. The CSSM describes 
. virt~al channels by defining charactetjs~ics such. as, chan~el . na~e, . 
. call fotters, channel number, and type, which are' in the 
corresponding ·segment. The PISM block contains linked lists .of 
program information such as, title, start time, quration, :rating, and . 

. . . . . . . category, that are on each virtual channel described in the · . 
. corresponding CSSM. . 

· ·. Relevant portions of the. data structures shown_ . i~ 
2 ~ FIGURES ._3, 4, Sa and 5b will be referred tO. in ·the followi~g . 

description of the program selection process. In order to 
understand the · i~portance · of piain~a~ning an ac~urate master : .. . . · 

. progr~ni guide,. it may be helpful to describe. how .a: master 
program guide is. used ·to select a televisi!>n program. Referring.· to. · 3 0 ~IGURE 3,· a user selects a _television program for viewing, by . ·. · .· · . . 

. . . moving a cursor (via operation of remote ·control up, down; right, 
and. left, .dir¢ction control keys) to a block ·.of t~e program gui~e 
screen display which contains the name· of the desire~ prograni. 
The . remote control . unit is not shO\YD for simplicity. . . When . a 

, . 3 5 . SELEC1_' key of the. -rem~te co~trol is pressed,· th~ . current · x _and Y·. · 
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position· of the cursor is evaluated to derive . virtual channel and 
program time: information. 

. 5 · As shown in FIGURE 4, and as noted ab9ve, ·the master 
·program guide and special. program· guides are divid~ into. 

. . .. 

·seg~ents (which may .be ~s little as one segment· or as ma:ny as 
16). The ·lowest virt:Ual channel (100) is always allocated as the 
first channel of seg (0). Bach segment contains channel and · 

· 1 0 program information for a defined ·number of virtual channels. 
Vpon deriving the ~irtual channel number .from: the X and Y 
cursor position information~ the virtual channel number is used to 
po~nt into tl,te . proper ·segment of the particular program guide 
(either master program guide·, or a special program· guide) to . 

1·5 . retrieve the .. specific ·.channel i~format~on an.d program 
information. SpecifiC~Uy, the Channel Information (CI) Records in 
the .CSSM (Chan~el to Service. Segment Map) are a fixed length of 
seyenteen bytes and contain such items as, the number of SCIDs in 
us·e (typically 2, audio and vi~eo), the channel transponder .(Chan 

2 0. .Xpndr) the channel number and short n~me (i.e·~, ·· ~ypically 4 · . 
. characters), and a pointer into the linked program information. In 

order ·to access any ·specific Channel lnfo:w;-mation ·(Cl) .it is only 
required to repeatedly add 17 to a base value. · Program . 
information includes the start day and tim~ of the progra~, the 

· 2 5 · number of 30 minute slots .it occupies, the theme .. category (i.e., 
drama, ·sports~ comedy), and ·parental .. rating. 

Once the .channel· transponder carrying a. desired . 
television . program . is .tuned, the. data pa.Ckets containing the audio· 
and , video in(ormation for .· t~at program can be selec~ed . ~rom the 

3 0 data stream rece~ved frorn the trarispon~er by exa~ining the data 
packets for the proper SCID ·cservice Component Identifier) 12 bit 
code. if .the. SCID. or"" the currently. received data packet matches . 

. the S~ID of the desired tel~vision program as listed in the 
.Program.· guide, then the data p·acket is· routed ·to · the proper data 

3 5 . processing sect~ons of ·.the receiver, if the SCID of a partic~lar 

JThi•11i1i1l iii1l1Ul1iurce· 
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. packet does not match the SCID ·of the desired tele_vision pr~gram 
as listed in ~he_ program guide, then that data packet is ._disc~ded~·· 

·s · · Referring again to the Segment Map (SEGM), ·of FIGURE .. · · 

5~, there -are :included in the SEGM two ··bytes of particular · 
: interest. _ The first is the lifetime byte which is. initially ·set to 
thir~y minutes when a new master prograr:n guide i~ first 
transmitted. Bach transmission of tha~ s~me. master ·program 

1 0 guid~ wili have the lifetime byte decremented ·by an ·amount 
· equal to the time· delay between transmissions of t'1~t guide 
(typically, ·every two seconds). When ·the lifetime byte reaches a . 
value of zero (indicating that the currently stored :master program· 

· · guid~ is thirty minutes old), then a ~ew master J?rograni guide is 
· 1.5 , acquired and · stored for immediate use. . The second byte of. · 

particular interest is' the "change number" byte. Each ~aster 
-program guide having content which is different from the conte~t . 
of the currently-_stored master program guide will have a 
:differen~ number from the curtently-~~ored master· program· 

2 0 guide. : It is this byte which will be examined to determine · 
w~ether 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 ·progr~m guide). 

· Detection of such · -an une~pected change requires the acquisition . 
2 5 and storage of a new maste~ program guide. · At ·the.· e~d . of every · · 

· five minute interval (although another time period may be used) 
during the valid lifetime of the currently-stored master program . 
guide, the itchange number" byte of a ~ewly received· gu~de will ·be 
examined to. determine if a ch~ge in master program. guide · 

3 0 .content has occurred, a~d whether or not the _newly-received · 
master program guide should be stored and used, or discard~d .. · · .. 
The "change =number" byte may . be a version number .for the ·. 
master pr~gram guide, which is . co~pared · to the version number 
·df tµe currently-stored master program guide. A ~owchart 

3 5 .· illustr~ting the portion o~ the control program for the receiver 

lThls 11iN!1 l1ii1ii\1liice<· 
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which is ·r~levant to ·the master program gili~e updating· operation 
is shown in. FIGURE 9 .. · 

5 rbe routine. of .FIGURE 9. is· entered at step 900 and 
proceeds to Step 910 wherein a check is made to see if the 
lif~time of. thjrty minute~ o~ the currently-stored master program 

. guide has e~pired. If so, the pro·gram advances to step 920 t~ 
.acquire and store a new master program guide,· and then exits· at 

10 · step 990. , If, at step 910, the life~me of the ~urrently-stored 
. master program· guide had n~t expired, then the NO .Path is taken 
· to step 930 wherein a check . is inade· to see if five m~rtutes has 

elapsed since. the last time that charige number byte was 
examined. If the five minute period has not elaps~d, then . the 

1 5 routine is exited at ~tep 990. If the five minute period has 
elapsed,· then. the change number byte. is .read at step 940. At step 

· 950, ~· determinatjon is made as to w~ether ·.or ·not t~e newly­
received master program g.uide has been cha.nged from the 
·currently-$tOred master program guide. If SO, the· program 

2 0 adv~lic~s to .step 920 to acquire and store a new 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 cour.se of ·events, 
every· thirty minutes the master program guide is updated with 

. new· information. However, in the· event of an unexpected 
2 5 television program schedule c'1.ailge, the receiver will· correct it~ 

master program guide within a fiv~ min~te period, because a. 
· Ill:aster program guide· including schedule data ~or all ~ctive 

· virtual channels :is transmitted on ·every transmission . chann~l 
·. e_very .two s~conds, and beca1:1se a complete new master program 

3 0 guide takes only two seconds to load. 
A brle.~ description ~f system hard":"are, suitable. for . 

implementing the above-described invention, ·now follows. . In . 
FIGpRE. 6·, ·a· transmitter 60' proeesses a data signal ·from a source 

· 614 (e.g., a televisi~n signal ·soui:ce) ·and transmits it to a satellite 
3 5 . 613 which. receives .and rebroadcasts .the signa_l to a receiver. 612. 

Transmitter 601. inCludes ail encoder 602, a modulator/forward 
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error c~rre".tor (FEC) 603, and an uplink unit 604. Encoder 602 
. ¢ompresses and en.codes signals from source 614 according to ~ . 

5 · .predetemiined. standard such as . MPEG. MPEG .. is ·a~ · international · · 
. · ·· · st~d~d developed ' by ~he Moving Picture · E_xpert Group of ~he · . 

· Int~rnational Standards Organization for coded _repre~entation of 
moving pictures and associated audio stored on digital storage 
med.ium. An encoded signal . fr9m unit · 6(>2 is supplied to· 

'l 0 modulator/Forward E~or Corrector {FEC) 603, which· encodes the . 
. signal wi~h . error correction data, and . Quaternary Phase Shift Key 
(QPSK) ~odulates the encoded signal onto a carrier~ · Both · . ·· 
convolutional and Reed-Solomon (RS)· block cod.ing are per~ormed · 
in block 603. 

1 5 . · Uplink unit 604 transmits the . compres~ed and 
encoded signal to satellite 613, which ·broadcasts the signal to a 
selected ·geographic reception area. In this emb~diment, satellite 

. . 

613 operates i~ two modes, which trade . off channel ca~~city for 
transmission· power,· or transmission power· for channel capacity. . . . . . 

2 0 In the first mode, satellite ~13 ill~stratively trans~its .sixteen 
channels at 120 watts each. In the- second mode, sat~llite· 613 
tran~mits eight channels at 240 watts each.· 

The ·signal from satellite 613 is rec~ived by an antenna 
dish 605 coupled to an input of a S<:l-Called Set-top receiver .612 . 

2 5 (i.e., an interface .device situated atop a television receiver). 
Receiver :.612 includes a demodulator/Forward Error Correction .. 
(FBC) . ~ecoder 607 to demodulate the signal and to decode the 
error correction datal, a microprocessor 606, which . operates . 
interactively with demodulator/FEC ·unit_ 607, and ~- transport unit . . . . 

~ 0. · ~08 to·· transport the signal to an ~ppropriate decoder . ~~thin unit 
609 depending on the content of the signal, i.e., all;dio or video 
inf~rmation. · . Transp~rt unit 608 receives co~ected data packets 
from· ":unit 607 and checks the ·header of each packet. to determine . 

. . . 

·its r~uting._ Decoders in unit 609 _decode the signal and re~ove· 
3 5 · added transport data, if used. An NJ'SC Encoder 610 encodes · the 

jThi• 1ii~i1l llii1!1Ulliir· 
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decoded ·signal to . a format suitable for"_ use by signal proc~ssing 
circuits in . a .s~an~ard · NTSC ·consumer television rec~iver 611. 

. FIGURE 7 is ·a block diagram showing the components 
of ~he . IRD receiver system including the o~tdoor antenna ·dish 
unit 7-5. : The· IRD includes· a block 707 including a tuner ·734 and 

. a demodulator ·unit 735 for. tuning variou~ television signals. The . 
IRD ·i_s under control of a micr~ontroller 706, · which .also controls 
the ·interface~ between _the IRD and ·a telephone· network via a · 
telephone modem 734, between the IRD and a user vja an. ]R link 
725 and between -the IRD and a television receiver via . an MPEG 
decQder 723, a video .encoder 721, a~d an RF mo4ulator 722, and 

. . 
finally, between the IRD unit and a user via a ·smart card interface 

. . . 
1 S · and transport IC 708. The master program guide is s~~red, ~or 

20 

example, in· RAM 709. 
Referring now . to FIGURE 8, demodulator/FEC unit 807 

acquires, demodulates,. and decodes the data signal which is 
reeeived from antenna· dish 805. This unit includes . a tuner 834, a 
Qu~temary Phase Shift ·Key (QPSK) demodulator 835, a Viterbi 
·convolutional decoder 836,. a de-interleaver_ 837, and a ·Reed-
Solomon (RS) decoder 838, all of conventional .designt arranged as 
shown. 

. Tuner 834 recejves an lnput signal from antenna dish 
. 2 5 . 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 appr~priate· channel and to 
downconvert the · rec~ived signal in frequency· in response to the 
·tuning frequency signal sent to tuner 834 · ~rom ~~croprocessor 

3 0 ~06. · · An output signal from tuner 34 is provided to QPSK 
·demodulator 835. 

. · QPSK: demodulator 835 loc_ks onto (sync~ronizes with) 
the tuned . ~hannel, demodulates the modulated. data signal , and . 
generates a signal indicative of · ·ihe quality of th~ demodulated 

· 3 5 · signal. · ·Demodulator 835 demodulates the modulated input data . 
. signal regardless of . the. error correction code .rate of the "received 
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. data . signal. Phase-locked · Ioop c~rcuitry in demodula~or -835 · 

synchronizes ,ihe operation of demodulator 835 with the · input · : 
· 5 .. signal using. well-known techniques. Demoduiator 835 ··generates 

a ··De~odulator Lock output control ·signal that : indicates .whether 
or not, demodulato~ 835 ·is synchr~nized with th_e. input ~ignal, -an~ 
supplies this signal. to ·a storage register in microprocessqr 806. · · 
an· output demodulated daia signal from . uriit 835 . is. ·provided to . . · 

1 0 · Viterbi decoder 836. Demodulator 835 also geiierates ari output .. 
Signal Quality signal, which is indicative of the quality of the . · · 

. signal received· from· the sat~llite ··transmission, and is related to . 
tlie . signal~to-noise ratio· of the received signal.·· Various source~ _of· 
.noise~ as well as rain fade,. may impair the quality .. of a r~ceiv~.d . 

·1 5 signaL A QPSK .demodulator suit~ble for use. as unit 835· is . ·: · · 
commercially available from Hughes Network Systems of · · 
Germantown, Maryland (integrated. circuit type Np." 10i6212), and· 
from Com~tream Corp~,. Sart ·Diego California (No. CD2000)~ · 

Decoder 836 uses a Viterbi a!gorithm to decode. and. to 
20 correct bit errors in the ·demodulated signal from unit· S3s. ·.· · . 

Decoder 836 includes internal networks, as known, to synchronize 
·its operation to the incoming demodulated. signa,l in order Jo · · 
effectively decode the <Jemodulated signal. . . 

After decoder 836 decodes and error corrects the · . . . . 

2 5 : demodulated data signal, the decoded d~ta signal is . supplied . to a 

30 

3·5 

de-interleaver 837. . De-interleaver 837 .restores the ordering o_f · 
. . 

~~ data signal to its original ·sequence, and forms Reed-Solomon· 
blocks. (RS_ blocks), in accord·an~e with kn~wn · techniqµes. · For. this . · · ··. 
purpose. de-interlea~er 837 relies upon an 8~bit sync" word.. . . 

. in~erted by the encoder at the beginning of each RS block, thereby · · 
providing RS bl_ock synchroniz~tion. ·The de-i~terleaved sig.-ial ·.is. . ·. · 
supplied to a Reed-Solomon (RS) decoder 838. . . 

RS decoder 8.38 decodes the RS blocks and corrects . · : · ... · · 
byte errors within a block. A .decoded ·signal from Viterbi.· decod.er 
.836 is ·provided to RS decoder 838 via de-interleaver· 837. If·- . 
decoder 36 uses the . proper error correction . 4ecode rate to" decode 
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the. data signal~ ~e-inte.rleaver 837 and· Reed-Solomon 'decoder 
838 Will. operate normally. 

~ . . 

5 · Thus, : a digital multi-channel transmission ,system has 
been. disclo~ed. and . des~ribed whi~h allocates televisio~ -programs . . . . . . . 

to transponders and to time-muUiplexed · slots in the data stream 
of a. gi,ven tra_nsponder ~n a way which is completely .transparent 
to the user,. ·who ~i~ply tunes a desire_d television program by 

1 O selecting ·a virtual channe~. . Clearly, the key to· sm(>oth operation 
of . this sy~tem iS the transmission of the master and special 
chan~el guides. wh~.ch. relate . tr~nsponder channels and prqgram 
data posi~ons in the tran~p~rider .data ·stream to virtu~l -channel 
numbers. The ·subject invention ensures that the stored master 

. 1 5 .program guide data ar~ curre~t by reJoading it . ~very. haif hour, 
and ·by checking. every fiv~ minutes to 'see if the content of a 

. ne~ly-rece~v~d m~st~r ·program guide differs from the conient of 
the. currently-siored master program guide. 
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. . . 5 L A ·television system· for receiving a pl~rality of 
digitally-encod~ iele·vision ·programs, .comprisi_ng: . 

. means· for selecting a particular digital data 
transmission chan~el ·from a plural_ity of· digital ·data · transmi~sion 
channels . containing a.· desired oµe of s~d· digita_lly-~ncoded 

1 0 television programs in response to a control signal, a_t l~ast -one of . 
. _: ·said data · transmissio~ channels also including television_· program 

schedule data; 
. . . ~ser-operable data · entry me~ns for entering data; 

· . control means coupled to said. -sel_ecting mea~s · a"Qd to 
I 5 said dat~ ·e_ntty m~ans for generating said· control . signal ·jn 

·respons~ to said user-entered data; ·and 
said control means selecting· a virtual channel from a . 

_plurality · of virtual channels jn response to said u~er-entered data, 
said te_levision progra~ · schedule ·data defin.ng · the relati<?nship of 

2 0. ·· . each of said television_ programs to respective ~nes of said. 
plurality of digital data. transmission channels;. . . . . . ... said television program schedule da_t~ includi_~g 
information having a first portion indicative ·of a time period 
during ~hich said . television ·program schedule· data is valid, . and. a 

2 5 second ·portion· indicative of change of __ content; . 
. · .· -said control means causing said television program 

schedule. data ·to be ··acquired and stored when· said first . p~rtion . of 
·said __ . iriformation indicat~s that said time _period has expired; and 
c~using said television program schedule data_ to ~e acquired and 

3 0 stored when said second · portion of said inf orination . indic~tes. that­
sa~d c~ntent has changed regardless of whether· said . tirrie P,eriod · 
has expired. · · 

iThis 1\i1 l1ii1rn1il1liUiced 
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2. ._.The television system of claim 1 wherein, said all of 

said data transmission channels also include said television 
5- . · program schedule data. · 

. 10 

15. 

3. · The te_levision system of claim 1 wherein~ said first 
portio~ of said information conveys info~mation· indicative of the 
time ·remaining of a tinie period during . which said· televis~on 
program schedule data is to be considered valid . 

. . 

4. The television system of claim 3 wherein, said time 
period dutjng which said television ·program schedule data is to . be 
considered valid is thirty minutes. 

· S. · The television system of claim 1 wh~rein, said 
second portion of said information is ·a number indicative of a 
version of said. television progra~ schedule data. · 

· 2 0 6. · A televisiori system for receiving . a plurality of 
digitally-encoded television. programs, compnsmg: 

means for selecting· a·· particular data chan.nel from one ;'of a 
· plurality of data . channels on a ·plurality: of transmission channels 

in respon.se to · a· control signal, at least one of said transmission 
. . . 

2 5 channels also including television program schedule data; 
user-operable data entry means for entering data; 
control means coupled ~o said selecting means and tc;> said 

da~a e·ntry means ·for . generating said control signa~. in response to 
.. said .user-entered data; and 

3 0 said -control· means · selecting ·a. data . channel in respons~ fo 

Said· user-entered data. ·Said television program schedule. data 
defining the relationship · of e·ach . of said television programs to 
respective ones of said plurality of transmission channels; 

said televisi(>n program schedule data· including 
3 ~ information . having a first portion indicative of a time period· 

This Sheet Has Been Replaced 
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19 
during which· said television program schedule data ·is valid, and a 

: . . . 

second porti<;>n indicative .of change of content; 
5 · . · ·. ·. s~ld control means causing said teievisio_n· ·program 

schedule data to be ·acquired an.d stored ·when said first portion of 
said information . indicates ~t said time period . h~s. expired, . and 

· causing said television program schedule data· tQ be ·acquired and 
stored when . said first p~rtion of sai_d information. indicates 'that 

1 0 . said content has change4 regardless of whether said time period 
has .expired. · · 

.. 

. 15 

7. The television· system of claim 6· wher~in, said all ·of . 
sai" data . transmission c;tiannels also include said television 
program . schedule data. 

: 8. Method for receiving a plurality of digitally-
. . 

encoded television programs, comprising the steps of: 
: .·s~lecting a . digital data transmission channel from a 

plurality of digital ·data tra~smission channel~- containing ·a· desired 
one of said digitally-encoded television programs in response· _to ·a 
control signal, at least one of said data transmission ch.annels ·also 
including ·television program schedule data; . : . 

reading user-oi>erable data entry means for . entering 
2-5 . data; 

. 30 

" 3 5 

·generating said control signal in response to said user­
entered data; and 

inp~tting said television program schedule data 
. . . . . 

including information having a first portjon indicative· of a . time 
period during which said · television program · schedule data · is _. · . . . . . 

~alid, · and a second portion ·indicative. of change _of content; 
controlling said . control means to acquire and stor_e 

said . television program sch~dule dat~ when said first portion . of · 
said ·information indicates that said time period has .ex~ir.ed~ and· 
causing said television program schedule data to. be· acquired and 
stored when said first portion· ~f · said informati~n .indicat~s that. · 

iThis 1iii1\1ii1i1\ii·· · .. · .· .··• 



,. ············:--·~. 

W095/19091 PCT/US95/00050 

. 5 

111111~ 1111~ 11~1111!11/ lfll 
.i. 

20 
·said· content has changed regardless of whether said . time period 
has expired . 

· 9. The .inethod of claim 8 ~herein, sud all of said data . . . . 

transmission channels . also include said television . program 
schedule data. 


