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(54) Title: RECEIVER/DECODER AND METHOD OF PROCESSING VIDEO DATA
(57) Abstract '

A method of processing video data in a
receiver/decoder comprising at least one port ’
(31) for receiving data and memory means (40) CPU RAM

comprising a data buffer area (45A9, 45AY) : 20 20A
for storing incoming data for display, and a ' ~~ =

graphics buffer area (45A% for storing graphics
data, sald method comprising passing graphics
data stored in the graphics buffer area to the
data buffer area for combination with display
data stored therein.
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reader for the user to pass an authorization card through to confirm which

services wodsseseser i s aut horized to use, a hand-hel d tel pei/fd99008s0
receiver control wand, a tel evision display unit, and a second card
reader for use with bank cards to allow the user to perform hone

baning functions. It may al so have a variety of ports coupled 30 toit,
for exanple, a nodemfor access to the Intdrnet and for conducting hone

- 2- banki ng _transactions. The receiver/decoder typl cally
i ncl udes a buf f eri REGENERDECODER ANDMEFHOD OF PROCESSING VEDEO The
basi c principle of bufferi ng in a receiv .ilgcoder Is that a 5 menory

section in a nenory is designated as a b . Incomng data froma port
is fed into the buffer. The buffer size may be chosen to be | arge enough to

accomobdat e no or all. nmessa , ,0r the buffer may be qgperated
Wi th two GferiEat VR il & FRe o o A aibad ok prpir L Yides
witten i nt® thatdhuffer and the other for the point where stored
data is read fromthe buffer. 10 The receiver/decoder nornally

i ncludes a 4-layer structure for generating the inmge to be

di spl ayed on t hqlet:&h?"ieé&?é}/d‘b@&der‘ & ahetedy §iaF c &gi 0B fecsilhd #o? r&@%ﬂﬁ]eé&mr

nmovi ng i mage layer, a graphics Tayer, a cursor layer
gr aphi cs .| ayer Cpgoqsﬁeﬂﬂ‘@pmgodgd sighals,dfor example.ftdcvmon Iand/onmdxc( mgmﬂs; aviiyh

.gggnﬁrgcczm@yayer S‘?‘#et grtéa%%#ga sleébeé?‘%el’ 3‘?% Fl’%% SUbtl 8 -°t‘;_rhe

causes di fXQ cuIatdeeederrforrﬂecnﬁmgnrengvemdignﬂdatmdhnédm bhmdhcﬁaéiv@mic&ib?s

titles satisfactorj| articularly as a title can appear at an

position on t hénagcxpglgxaq 2 decoder EJn w}ﬁ’i‘ thé/ receslver for decodmg the %F:)cexved s1gnalsy
for example, in 2 "set-top box", such a decoder functioning in combination with a

physically separate receiver, or such a decoder including additional functions, such
as a web browser, a video recorder, or a ielevision.
15 | | | |
In a broadcast digital televiﬁion, system, received sigﬁals are passed to a
receiver/decoder and thence to a television set. As used herein, the term "digital
television system” includes for example any satellite, terrestrial, cable and other
system. The receiver/decoder decodes a compressed MPEG-type signal into a
20  television signal for the television set. It is controlled by a remote controller
handset, through an interface in the receiver/decoder. The receiver/decoder is used
to process the incoming bit stream, and includes a variety of application modules
which cause the receiver/decoder to perform a variety of control and other functions.

25  Such a receiver/decoder may have a variety of devices coupled to it, such as a card
reader for the user to pass an authorization card through to confirm which services
the user is authorized to use, a hand-held television receiver control wand, a
television display unit, and a second card reader for use with bank cards to allow the
user to perform home banking functions. It may also have a variety of ports coupled
30 to it, for example, 2 modem for access to the Internet and for conducting home



The main aim of the present invention is to provide an inproved buffering
20  arrangeRpRbodslesd I ecei ver/ decoder to solve this and ot hgr noabyssyTs.

The present invention provides a method of processing video data in a

recei ver/ decoder conprising at |east one port for receiving data and nmenory
means conprising a data buffer area for. storing incomng data for

di splay, and a graphics 25 buffer area for storing graphics data, said
met hod conpri sing passing graphics datap. stored in the graphics buffer
area to the data buffer area for conbination with display data stored
t herei n. banking tfansactié®f er r ed enbodi ment, the incom ng data conprises

vi deo text data, such as one 30 or nore subtitles, and the graphics data
conprises icon data. Wen a subtitle screen

- 3- TIRS rRefer/ # e t Bey ‘gq)érﬁ] léIJfaﬁ al
processing unit B %fi&loh& t)‘r’;ﬁ@dllgeﬁ&fg? sdgco er rét e cont roﬁm
devi ce, passa@mmg)rﬂauat dhierhasict principiet af buifférmg in a recelmrémcoq:rai ¢hald vy J ust

before t h r onhi n th

ot her da a to pr %tgo(avﬂh&e%‘ %3&15%%39? er{f‘?c ﬁ?t&%%mlarpém
advant age t listfed rmto&he buffee. eVhebufiér sire mayrlbealahdmehwaelsb 1dege lefi®dghatyd part
of the subtitle |conc n belaid - gver that part of the

Subtit1 . bAFCTHmOdRS HEF ) afl Sroming massages, o the Ruffre ey s opsrated with two

pointers, one for the point where fresh incoming data is written into the buffer and

the other for the point where stored data is read from the buffer.
10 |
The receiver/decoder normally includes a 4-layer structure for generating the image
to be displayed on the television set, the 4 layers being a stills layer, a moving image
layer, a graphics layer, and a cursor layer. The graphics layer is preferably utilized
for both icons (typically geometric shapes) and titles (usually but not always
15  subtitles). The use of a common layer, the graphics layer, for both icons and titles
causes difficulties in maintaining and updating both the icons and the titles
satisfactorily, particularly as a title can appeér at any position on the screen.

The main aim of the present invention is to provide an improved buffering
20  arrangement in a receiver/decoder to solve this and other problems.

The present invention provides a method of *processing video data in a
receiver/decoder comprising at least one port for receiving data and memory means
comprising a data buffer area for storing incoming data for display, and a graphics

25  buffer area for storing graphics data, sajd method comprising passing graphics data
stored in the graphics buffer area to the data buffer area for combination with display
data stored therein.

In a preferred embodiment, the incoming data comprises video text data, such as one
30  or more subtitles, and the graphics data comprises icon data. When a subtitle screen



di splayed with the icon. In a preferred enbodi nent, the data
buffer area conprises tw data buffer sub-areas, 10 said incom ng display
data bei ng diyegsdifeesi Nt 0 one of said sub-areas at a tinme. = pcraBoyolEse two
sub-areas may be interchanged so that further incom ng display data is
stored in the other sub-area and graphics data stored in the
graphics buffer area is passed to t he ot her sub-area. This can
enable a subtitle screen to be stored in one sub-area 15 whi |l st .a -
previously received subtitle screen is Being output from anot her sub-area,

t hereby avoiding over-witing of the previously received subtitle screen
with fresh has been dallynreceived iz the Rlatf buffdyl arga,t heentmd prodessing asit cinethe

bt fer ar oo TreeNRE deBidRt ok 86 R e VB w1 i ' SRR, °
graphi cs bufak@; préfeRablyepisteiarei the dita Blovddaini thy dfth boffeires $s Suthtifed with- ar eas

I n whi ch graphics data can he stored, graphics data bei n%‘lﬂgassed to
the data bufother datadg provide video gatag Hepre the pventionatiordsthg adyantass thatin or

sub-areas. T sveiflr &k fp bbiceR IR Blifanddare of e SUbIHIE! ook BE G 1 CONS

to be generated and stor prior to the reception of any vi deo text
dat a, so t haver that eparts ofh thensubtiitieo but thennopeoneriappedgpartsasan be cgeowsrently

cont i nuousl y.i con . Preferably, the conbined graphics and
di spl ay dat ?’#ﬁ&eﬂ%&?m&%‘)ﬁbi ned with other 30 received data to provide
video data. Thus, whilst further incomng display data is :
In a preferred embodiment, the data buffer area comprises two data buffer sub-areas,
10  said incoming display data being directed into one of said sub-areas at a time.

The two sub-areas may be interchanged so ihat further incoming display data is stored
in the other sub-area and graphiés data stored in the graphics buffer area is passed to
the other sub-area. This can enable a subtitle screen to be stored in one sub-area

15  whilst a previously received subtitle screen is being output from another sub-area
thereby avoiding over-writing of the previoﬁsly received subtitle screen with fresh
data.

Preferably, the two sub-areas are interchanged immediately after graphics data store_d
20  in the graphics buffer area is passed to one of the data buffer sub-areas.

The graphics buffer area may comprise a plurality of graphics buffer sub-areas in
which graphiés data can be stored, graphics data being passed to the data buffer area
from a selected one of the graphics buffer sub-areas. This can enable, for example,
25  a number of different icons to be generated and stored prior to the reception of any
video text data, so that there is no need for icon generating means to generate

continuously icon data.

Preferably, the combined graphics and display data is further combined with other
30  received data to provide video dara. Thus, whilst further incoming display data is



-4- being stored in one data buffer sub-area and graphics data
stored in the graphics buffer area is being passed to that data
buffer sub-area, the conbined data of the ot her data buffer sub-area
can be. furt h®O%BMsSned with the other received data, againFPCI/1B900850q, oy
avoi ding over-witing of the previously received subtitle screen with fresh

5 dat a. Preferably, graphics data stored in the graphics buffer
area is passed into the data buffer area for conbination with__
di splay data stored therein imedi atel y4_bef ore the t hus conbi ned

graphics and display data is conbi ned Ww'th said other received data. 10

qhe video dgkfg el Uik Wha' Bitfer| AYGHS Bl gag}ﬁcs 8 gm‘fam fdedbgpl! cs and |

di spl ay conpri sing one of sal ers ayers
of data nay buffepareads baing passed to thasrdatanbuffegrsupiarass thenebmtiisgd data dfittlee | ayer

a still s dat I A n cursor data
Cayer. 15 oter Bhhured SR ek At HR AR udR b Anbior wi ubcller rRve o St
conpri se at theretst avoiding ofzerawnmg of the\frEGoukly acteived subtitle screen willhfrest esent
inventlgn al so provi des a receiver/decoder conprising at |east one port 20
for rec data menory nmeans conprising a data buffer area for storing
I ncom ng data for display and a graphl cs buffer area for storing

graphi cs data, and neans for 1‘ﬁasm ng raphl cs data stored in the

gr aphi cs bufPreferablye graphics atadstersd o ﬂfftrr area is pasgegnigtontheidata wi t h
di splay dat gyfkohkd b \@nfHifhtion with display data stored therein immediately before the

thus combined graphics and display data is combined with said other received data.

10
The video data may comprise four layers of data, said combined graphics and display
data comprising one of said layers. If so, the four layers of data may comprise said
combined graphics and display data layer, a stills data layer. a moving image data
layer, and a cursor data layer. -

15

The moving image data layér and the display data may comprise at least part of an
MPEG datastream.

The present inQention also provides a receiver/decoder comprising at least one port

20  for receiving data, memory means comprising a data buffer area for storing incoming
data for display and a graphics buffer area for storing graphics data, and means for
passing graphics data stored in the graphics buffer area to the data buffer area for
combination with display data stored therein. ' |

25 A preferred embodiment of the receiver/decoder comprises at least one port for
receiving data, a memory comprising a data buffer area for storing incoming data for
display and a graphics buffer area for storing graphics data, and a processor for
passing graphics data stored in the graphics buffer area to the data buffer area for
combination with display data stored therein.

30



25 A preferred embodi ment of the receiver/decoder conprises at |east one

port for receiving data, a nenory conprising-a data buffer area for
storing i ncomybomkgdea f Or di splay and a graphi cs buf f er PCE/B29/604850
storing graphics data, and a processor for passi ng graphics data

stored in the graphics buffer area to the data buffer area for
conbination with display data stored therein. 30

-b5- The data buffer area nay conprise two data buffer sub-areas,
and t he recei ver/ decoder may furt#er conprise neans, for exanple, a
m croprocessor, for directing incomng data into one of said

sub-areas. The datarpenffescafepemaye COMBFisHaivof (Hath duffes npiti-areas; oand otheneans,

such as, for exaopl furthdE VbrfiSriset i ' 8&{ Qg r ganged
to direct i ncrgm ng/%f:g%lré?/a ydat aq‘fé&ﬁoﬁe Ox#ﬂ@ang., f&gx?ﬁgeggta’gﬁﬁ e s°§u§°-far eas
as  speci fi ed disecdng ithcoming ddta inrtaone of said sub-aredBhe recei ver/ decoder may

further conprise neans, for exanple, a device, for 10 I nt erchangi ng t he
two sub-areas so that further incomng display data is storable in

the ot hers subfiy Reivekicabdes ths fudhkAcdiiptise Gontfol! teang) Sihizs S forWxh@pleahea i S

passable to . t he ot her sub-area.. . . . .
device, the directing means being arranged to direct incoming display data to one of

the data buffer sub-areas as specified by said control means.

The receiver/decoder may further comprise means, for example, a device, for
10 interchanging the two sub-areas so that further incoming display data is storable in
the other sub-area and graphics data stored in the graphics buffer area is passable to

the other sub-area.

The interchanging means may be adapted to interchange the two data buffer sub-areas
15  immediately after graphics data stored in the graphics buffer area is passed to one of
the data buffer sub-areas. '

The graphics buffer area may comprise a plurality of graphics buffer sub-areas in
which graphics data is storable, graphics data being passable 1o the data buffer area
20  from a selected one of the graphics buffer sub-areas.

The receiver/decoder may further comprise means for combining the combined
graphics and display data with other received data to provide video data. IN one
preferred embodiment, the combining means is a mixing circuit.

The passing means may be arranged to pass graphics data stored in the graphics

buffer area into the data buffer area for combination with display data stored therein

immediately before combining means combines the combined graphics and display

data with said other received data. '
30



The interchangi ng neans may be adapted to interchange the two data buffer

sub-areas 15 I mredi ately after graphics data stored in the graphics
buffer area is passed to one of the data buffer sub-areas.

The graphi cs WRII¥¥#65ar ea may conprise a plurality of graphi cRCHPY/EAES0
sub-areas in whi ch graphics data is storable, graphics data being
passable to the data buffer area 20 froma selected one of the graphics
buf f er sub-areas. ‘The receiver/decoder may further conprise neans
for conbi ning the conbined graphi cs and display data with other”
received data to provide video daa. |N-6ne preferred enbodi nent, the

conbi ni ng ns_is.a,mxi.ng cirguit. 25 . The si ng neaps may be

arr anged tgelg’ﬁs cEerpdfcRder ymay é‘%freamf?f‘sfeh@f@eﬁ%&e mmeatts, SUG querfg‘ér ea
into the dateRaplel ardeviced thedtats Wulbfer 3ib-rdas\bdifig defimiaaty dad BufdrOédaftof her ei n
| nmedi atel y before conbi ni ng neans conbi nes the conbi ned graphics and

di spl ay meaghta with said other received data. 30
- 6- The receiver/decoder nmay further conprise buffer control neans,
such as, for - exanple, a device, the data buffer sub-areas being

defi ned Yy {(lhe preseitinvensionralso extends to aehaongicast ahd reception system including a
receiver/decoder as aforementioned, and means for broadcasting said data. In a

preferred embodiment, the sysiem is a digital television system.

Various functions of the receiver/decoder may be implemented in hardware, for

10  example in a dedicated integrated circuit; this may provide enhanced speed of
operation. Preferably, however, at least some of the functions are implemented in
software, preferably impleménted' by processing means which runs the applications;
this can allow greater flexibility, require less components, and allow the
receiver/decoder to be updated more readily.

15
Receiver/decoders embodying the invention will now be described, by Wﬁy of
example, with reference to the drawings, in which:
Figure 1 is a schematic diagram of a digital television system;

20

Figure 2 is a schematic diagram of the structure of a receiver/decoder of the system -
of Figure 1; ' o

Figure 3 is a functional block diagram of the layered architecture of the

25 receiver/decoder;

Figure 4 is a schematic diagram of the arrangement of the graphic processor of the
receiver/decoder; '

30  Figure 5 is a schematic diagram of a RAM memory of the graphic processor; and



5 The present invention also extends to a broadcast and reception system

I ncl udi ng a recei ver/ decoder as aforenentioned, and neans for
br oadcast i ngvamdsséssst a. I n a preferred enbodi nent, t hECTHBPEPESPs a
digital television system’ Various functions of the

recei ver/ decoder may be inplenented in hardware, for 10 exanple in a
dedicated integrated circuit; this may provide enhanced speed of
operation. Preferably, however, at |east sone of the functions are -

i npl emented in - sof tware, preferably inplenented by processing means
whi ch runs the appl.icatjons; .. Jthis.canp allow greater flexibility,
require | essEEBRHE R A Chemsle dizgrsp ifpsirating the Somplalioy Aidert of & itk

updat ed nor egj lily. 15 Recei ver/ decoders enbodyi ng the invention
wi |l now be described, by way of exanple, with reference to the
drawi ngs, in which: Figure 1 is a schematic diagramof a digital

television s : s e frl & 2 S Is P%.’ﬁ}gra . .
structure ofxgto?g;(ygi%egf ha (fé%%dgéérw‘égo% ﬁ%é%d;i/lslt fé%}ﬁ&@ﬂ i ilgmé ﬁ‘)@&xon

Fi gure 35i s iacliadesca mostlyl cobventionzlidigjtahteleyisionsystemnZothatdises thekhewn MREGH t he
25 receiv decoder: Figure 4 | .schematic dia ; e

arr angenent éoq_iwggsb%ﬁgﬁﬁe@ tﬁ%ﬂg‘g&f’mﬁessfﬁﬁgﬁfs’gﬂ écIC i‘{}gﬁﬁ%%%?og@,ﬁf& 30
Fi gure 5 i s 2 comprssiri 3 inladgomitadf centrbAddeivrenr digitdl sigral gtreahi (GpRaRg@ssor ;
an stream of video signals). The compressor 3 is connected to a multiplexér and

scrambler 4 by linkage S.

10
The multiplexer 4 reéeives a plurality of further input signals, assembles the transport
stream and transmits compressed digital signals to a transmitter 6 of the broadcast
centre via linkage 7, which can of course take a wide variety of forms including
telecommunications links. The transmitter 6 transmits electromagnetic signals via

15  uplink 8 towards a satellite transponder 9, where they are electronicaily processéd and
broadcast via notional downlink 10 to earth receiver 12., conventionally in the form
of a dish owned or rented by the end user. The s_ighals received by receiver 12 are
transmitted to an integrated receiver/decoder 13 owned or rented by the end user and
connected to the end user’s television set 14. The receiver/decoder 13 decodes the

20  compressed MPEG-2 signal into a television signal for the television set 14.

Other transport channels for transmission of the data are of course possible, such as
terrestrial broadcast, cable transmission, combined satellite/cable links, telephone
networks etc.

In a multichannel system, the multiplexer 4 bandles audio and video information
received from a number of parallel sources and interacts with the transmitter 6 to
broadcast the information along a corresponding number of channels. In addition to
audiovisual information, messages or applications or any other sort of digital data
30  may be introduced in some or all of these channels interlaced with the transmitted



-7- Figure 6 is a schematic diagramillustrating the conbination of
"layers of a video di spl ay. ' An overview of a digital
television system1 is shown in Figure 1. The invention 5 i ncl udes a
most | y -conveiQ ¥¥4#65di gi tal tel evision system 2 that uses t hBCKHSHAOSKPEG
2 conpression systemto transmt conpressed digital signals. In nore

detail, MPEG 2 conpressor 3 in a broadcast centre receives a
digital signal stream (typically a stream of video signals). The
conpressor 3 is connected to a multiplexer and scranbler 4 by ~
| i nkage 5. 10 The nul tipl exer 4 -Beceives a plurality of further

I nput signals.. assenbl es.the transport stream and transmts
conpressed gf%ﬁafﬁ?ﬁgiaﬁ‘ﬁéﬂ(%ot‘qg rE’rog‘nsm'tter 6 of the broadcast

centre via |inkage 7, which can of course take a wide variety of forns
I ncl udi ng tel ecommuni cations |inks. The transmtter 6 transmts

el ect r omagnét i Onditignal; access, system 13, is hronmestedetp g thea mydtiplexer t ¢ andartbponder
9, where th | I Vi
Baceflef/dBedREt 19 RaL l&caﬂ:ﬁ@%‘?ﬁﬁgﬂ’jm@rﬁoadcast ce Pl{ S@/E&Ijﬁﬁ?lkeﬁ( ftger o

notional downlink 10 to earth recei , _conventiona
of a di $h odeeadenr It enables| tigyend nsercockcosse digithteleyisipmabiroadcaste ifxomm ohy or ecei ver

12 ' . | t ' /d d 13 d

Fented by RortERSEs hiuke Wil Tubld AR BESRRes 2B <1 on
set 14. Trecqmme'miﬂ_mffdzsltm?eis, d:ﬁdi?mcbal gel_éﬁsion?ﬂrtograﬁmml rsﬁﬁi&ﬁydh%ﬁ’ﬁ@d&ts@i gnal t
into a tel evision signal for, the television se _ er transpor
channel s f of R ‘ﬁﬂsﬁ?‘ggi’ Weg?d F'I‘Re%af?%#&?‘@o et dar é@%&ﬁ dacadersiipndys P
Eelr res trial stRARGHESABE end el Bay prrbEddt SSthircial Offids REdeab sldskhigdratbds | | nks,
el ephgge :

or a pay-per-view mode.

As mentioned above, programmes transmitted by the system are scrambled at the
multiplexer 4, the conditions and encryption keys. applied to a given transmission
being determined by the access control system 15. Transmission of scrambled data

15  in this way is well known in the field of pay TV systems. Typically, scrambled data
is transmitted together with a control word for deécrambling_ of the data, the- control
word itself being encrypted by a so-called exploitation key and transmitted in
encrypted form.

20  The scrambled data and encrypted con&ol word are thén received by the decoder 13
having access to an equivalent to the exploitation key stored on a smart card inserted
in the decoder to decrypt the encrypted control word and thereafter descramble the
transmitted data. A paid-up- subscriber will receive, for example, in a broadcast
monthly ECM (Entitlement Control Message) the exploitation key necessary to

25  decrypt the encrypted control word so as to permit viewing of the transmission.

An interactive system 16, also comnected to the multiplexer 4 and the
receiver/decoder 13 and again located partly in the broadcast centre and partly in the
decoder, enables the end user to interact with various applications via a modern back
30  channel 17. The modem back channel may also be used for communications used in



networks etc. 25 In a nultichannel system the nultiplexer 4 handles
audi o and video information received from a -nunber of parallel
sources and {yRfsgseks Wi th the transmtter 6 to br oadc #eT/1R%/80850

i nformati on al ong a correspondi ng nunber of channels. In addition to
audi ovi sual information, nessages or applications or any other sort of
digital data 30 may be introduced in sonme or all of these channels
interlaced with the transmtted .
- 8- digital audio and video infoctgmtion. A condi tional
access system 15 is connected to the multiplexer 4 and the

recei ver/ decmdemndimnahmtessssylsmliad Aminteractive sysem brapddased, fof kantpieind

partly in the ecoder. It enables the end user to access digital

el evlsi on' 5 Gapkisdh VISR fEmgpuBicae ImmgpED il doe, By Grats '
smartcard, %ﬁﬂﬁh%u&ﬁn%hﬁb%‘télﬂa &éh?'ﬁﬂrﬂ&dtaﬁ application @RITTET Ci al

of fers (that I's, one or several evi sion programes solfd by the broadcast
supplier), can be inserted into the recei ver/ decoder 13. Using the decoder

13 and 5 poSER ttsaﬁlgtgatm&g@ftn@ [ of FRY rBUVRASEIED IRE Ghbelop Wk S '

either a subscrl pti on a pay-per-view no
ment i oned almwabe ﬂcsogbedmﬁ'he tlemeatsi showd iy yhis ifiguseywillce deserilsdr iatiagdfat t he

mul ti pl exer 4, .1h itions and encryption keys applied to a given
transm ssi or“i:mi cto nglﬁ"q‘s

The decoder 13 comprises a central processor 20 including associated memory

10  elements and adapted to receive input data from a serial interface 21, a parallel
interface 22, a modem 23 (_connectcd to the modem back channel 17 of Fig. 1), and
switch contacts 24 on the front panel of the decoder.

The decoder is additionally adapted to receive inputs from an infra-red remote control

15 25 via a control unit 26 and also possesses two smartcard readers 27, 28 adapted to
read bank or subscription smartcards 29, 30 respectively. The subscription smartcard
reader 28 engages with an inserted subscription card 30 and with a conditional access
unit 29 to supply the necessary control word to a demultiplexer/descrambler 30 to
enable the encrypted broadcast signal to be descrambled. The decoder also includes

20  a conventional tuner 31 and demodulator 32 to receive and demodulate the satellite
transmission before being filtered and demuitiplexed by the unit 30.

Processing of data within the decoder is generally handled by the central processor
20. Figure 3 illustrates the software architecture of the central processor 20 of the

25  receiver/decoder. With reference to Figure 3, the software architecture comprises a
Run-Time-Engine 4008, a Device Manager 4068 and a plurality of Devices 4062 and
Device Drivers 4066 for running one or more applications 4056.

As used in this description, an application is a piece of computer code for controlling
30  high level functions of preferably the receiver/decoder 13. For example, when the



bei ng determ ned by the access control system 15. Transm ssion of scranbled
data 15 inthis way is well known in the field of pay TV systens.

Typi cal ly, scranbl ed data is transmtted together with a control
word for deswoasdisssmg of the data, the control wor d PCTABI9/0G%0 g
encrypted by a so-called exploitation key and transmtted in

encrypted form 20 The scranbl ed data and encrypted control word are
then received by the decoder 13 havi ng access to an equivalent to the
expl oitation key stored on a smart card inserted in the decoder to
decrypt the encrypted control word and-lDhereafter descranble the
transmtted data. A paid-up subscriber will receive, for exanple, in a

br oadcast _end usegrpesitiops ge\focknof remaie sonIdY on aNpERgRbject seenempthsi t at i on

key necessa 0 A 5@&{ | %"E’B ermt

vi ewi ng of %c%eeént?fgtﬁg trﬁlggﬁé%g& 12%&?)&%5\%9% ‘?ﬁilgr ac llEe&é tﬂsg;ﬁsl em f@?eqéf‘g%%

connect ed t assodistednulithi the dxaon & rand t he recei ver/ decoder 13 and again
| ocated partly in the broadcast Centre and partly in the decoder,
enabl es the end user to interact with various applications via a nodem back
30 | chgnneln fdterattive SFIRAlAPFISpoeStefts Adyexetuies dOmiame af e réQUERLGT gat i ons
used in _ _ .. . . -9-

the condi ti BR&Rd ysgaad PS‘V&‘#@#F@S?ME% tq the AUEROSS %mgﬁgl?l@ﬁ??ﬁayAB@‘%%, for
exanpl e, may beleRn& Yabikient apBlcALIONS thak G5, GRS ﬁ@tR@Mr(BFf*LﬁSH'Mdﬂxérh the
transm ssion tentre to demand authorisation to watch a particul ar
event, downhamvolatile apgmoryhof te regeiver/decoder 13, or broadcast and downloaded into

the RAM or FLASH memory of the receiver/decoder 13.

10
Applications are stored in memory locations in the receiver/decoder 13 and
represented as resource files. The resource files comprise graphic object description
unit files, variables block unit files, instruction sequence files, application files and
data files, as described in more detail in the above-mentioned patent specifications.
15 '

The receiver/decoder contains memory divided into a RAM volume, a FLASH
volume and a ROM volume, but this physical organization is distinct from the logical
organization. The memory may further be divided into memory volumes associated
with the various interfaces. Froin one point of view, the memdry can be regarded
20  as part of the hardware; from another point of view, the memory can be regarded as
supporting or containing the whole of the system' shown apart from the hardware.

The central processor 20 can be regarded as cexm"ed on a run time engine 4008

forming part of a virtual machine 4007. This is coupled to applications on one side

25  (the "high level" side), and, on the other side (the "low level” side), via various

intermediate logical units discussed below, to the receiver/decoder hardware 4061,

" comprising the various ports as discussed above (that is, for example, the serial
interface 21, the parallel interface 22, modem 23, and control unit 26).

30  With specific reference to Figure 3, various applications 4057 are coupled to the



5 Referring to Figure 2, the elenents of the receiver/decoder 13 or
set-top box wll now be descri bed. The el enents shown in this figure
wi Il be descriypagskdsst er ms of functional bl ocks. PCT/TBBM/@0850
decoder " 13 conprises a central processor 20 including associated nenory 10
el ements and adapted to receive input data froma serial interface 21, a

paral | el I nterface 22, a nodem 23 (connected to the nodem back
channel 17 of Fig. 1), and switch contacts 24 on the front panel- of
t he decoder. The decoder is addjjLionally adapted to receive inputs

froman infra-red renote control 15 25 via a control unit 26 and al so
possesses t weiranahidachine 40073 0sote &f7the Zibradomioalyt tsed apphcaub&s’iﬂzap 88 lmare
subscription s rtcardgﬁﬁ’ ﬂgo respecti vel The subaé t|on smart card
reader 28 en@ég"‘gﬁ’maﬂ ghtiB essyrem, A% indisated 4t 40%h g wall be
condi tional ge&EREded into me%gtténgg%n?HEEMEG%d‘ﬁFﬁﬁﬁé’f Bro Otgﬁ ?grt‘é’%d to a
denul ti pl exer/ descranbl er enabl e the encrypted bro ast
signal to bereiredanbl ed. The decoder al so includes 20 a conventi onal
tuner 31 cand denodul ator 32 to receive and denodul ate the satellite
transm ssion before being filtered and denultipl exed by the unit 30.
Processi ng oﬂ‘hdatﬁmammdchinet‘mm dnciodbésy in azid@mmtoaﬂhh)ruinamtl engifey4008¢ somat r al
pr ocessor

central pr océ"s’gdt?f‘tzg Fﬁ‘g“;goasu tra.tés the‘afﬁ@ X%Bt hq.rl:“&Ig t%ﬁ%&;‘ggg]l;l E:]BrGe

3, the sof t WiiseBirebid RMEHGE if ORAZERGS uskd by the eltifie 0088 - Hheie Bc1d@Sata @
Devi ce Manager 4068 and a plurality of Devices 4062 and Devi ce

Drivers 4066W“H9HH|SH@ BrROTRATeSHne SERIPFPR S COMBargR @f data structuress ligged in
this desgyi pafa%gh 3&ic 2PPhd ﬁﬁiah? 306 afko nhaﬁ&s%m bik %o&Oﬁ&Mé

controlling 30 | evel functions of preferably the recelverf%ecoder
13. For ex an{ﬁcexven(mmd@mla such as hardware and software version numbers and available

RAM space, and a function used when downloading a new device 4062. Functions
can be downloaded into the library, being stored in FLASH or RAM memory.

- 15  The run time engine 4008' is coupled to a device manager 4068 which is coupied to
a set of devices 4062 which are coupled to device drivers 4060 which are in marn
coupled to the ports or interfaces. In broad terms, a device driver can be regarded
as defining a logical interface, so that two different device drivers may be coupled
to a common physical port. A device will normally be coupled to more than one

20  device driver; if a device is coupled to a single device driver, the device will
normally be designed to incorporate the full functionality required for communication,
so that the need for a separate device driver is obviated. Certain devices may
communicate among themselves.

25  As will be described below, there are 3 forms of communication from the devices
" 4064 up to the run time engine: by means of variables, buffers, and events which are
passed to a set of event queues.

Each function of the receiver/decoder 13 is represented as a device 4062 in the
30 software architecture of the receiver/decoder 13. Devices can be either local or



-10- end user positions the focus of renote control 25 on a button
object seen on the screen of the television set 14 and presses a
val i dati on key, the instruction sequence associated with the button
is run. 5vO 9g¥ss463t er act i ve application proposes nenus andCERBWHOEE
commands at the request of the end user and provides data related to
t he purpose of the application. Applications may be either resident
applications, that is, stored in the ROM (or FLASH or ot her
non-vol atil e nmenory) of the receiver/decoder 13, or broadcast and -
domnloaded into the RAM or FLASHZrenory of the receiver/decoder 13.

Ilcatlons are stared.i Meno ons in the
recel ver/ de&%@? igvices 4064 F@H@Mﬁy‘lﬁ?&f&tﬁ?@@tﬂ sigaals, ppdemasource -
files conprigml sﬁ@smﬁel%&ﬁséesd@mmma and audio itz &ulﬁwpgérge@&ii oS Dl ock

unit files, instruction sequence fil application file
files, as dentieblsgatragtommpRematetdsyices M&@B@#@ wemoteioeationadifiet from
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or gani zat i odmugned.l sitlien ehanf byo mdewiee landi dexice driver provigled iandtdesignedThye digenor y

may further_be d d i menory vol umes associ at ed with the
vari ous int@F‘lé{Elg eco&?‘(fﬂ?‘%??é: nt of view, the nmenory can be regarded 20

as part of the hardware; from another point of view, the nenory can be

regarded as supparti rb% or contajning the whole of the system shown
apart from TherHuimGaaRgine 4008 runs undeg the.cntrol o1} BUGIYTAcEsSAr and @ cgRmMABgar ded

as centred ghiRatid propBmARg iterfAta08They are installed in every receiver/decoder 13

10  so that all receiver/decoders 13 are identical from the application point of view.

The engine 4008 runs applications 4056 on the receiver/decoder 13. It executes

interactive applications 4056 and receives events from outside the receiver/decoder

13, displays graphics and text, calls devices for services and uses functions of the
15  library 4006 connected to the engine 4008 for specific computation.

The run time engine 4008 is an executable code installed in each receiver/decoder 13,
and includes an interpreter for interpreting and running applications. The engine
4008 is adaptable to any operating system, including a single task operating system

20  (such as MS-DOS). The engine 4008 is based on process sequencer units (which take
various events such as a key preés, to carry out various actions), and contains its own
scheduler t0 manage event queues from the different hardware interfaces. It also
bandles the display of graphics and text. A process sequencer unit comprises a set
of action-groups. Each event causes the process sequencer unit to move from its

25  current action-group to another action-group in dependence on the character of the
event, and to execute the actions of the new action-group.

The engine 4008 comprises a code loader to load and download applications 4056 into
the receiver/decoder memory. Only the necessary code is loaded into the RAM or
30  FLASH memory, in order to ensure optimal use. The downloaded data is verified



formng part of a virtual machine 4007. This is coupled to applications on
one side 25 (the "high level" side), and, on the other side (the "l ow

| evel " si de) \6}/%64\49” ous i ntermedi ate | ogical units dp&eisesssiel ow,
to the recei‘\ygr ecoder hardware 4061, conprising the various ports
as di scussed above (that is, for exanple, the serial I nterface 21,
the parallel interface 22, nodem 23, and control unit 26). 30 Wth
specific reference to Figure 3, various applications 4057 are coupled-to

t he -11-

virtual machi ne 4007; sone of the rmre%%'mmnly used applications may be
mor e arl SfiferRRAKT AR HatisheRI eVt by ORISR ad applidliGRlEss at
4057, whil eﬂg:hers w1l be do#v%/nl oagﬁeyd into the syst%ﬂm eg %?%mthe

MPEG dat a stardbgexscutionoefiany wasutherized application. The enginer4l8 fugher comprisehe
virtual machj ne 4007 i.ng 4.1 Lof | the r ' | ne 4008,
some rhr(a'_é‘l"(!:f f‘tssqri %rsgﬂes &ﬁgkfoﬁlg‘%gg ng@gh\%ﬁf C mfeﬁ{éfefjéf;e&?igt BPES¥%4058.
TEe | i brary fopspaiensaving and fast eowhllod adigg fond MMRITTG strearfy ézaﬁ‘guagﬁiwﬁled by
t he engi he 4008. ese incl] ude a - mani pul,gti.on su as.
conpr es on,’e‘éﬁiﬁ{}gf’?fﬁr %p%ﬁ?&%o‘ﬂ%fbfﬁfm{:gﬁe%f@gzmﬁ% 1t gto ther awi ng,
etc. The |1 bgamey ﬁ@%ginsqoomwd&wrﬁépwﬁkﬁ&@b@%ﬁwem éppueaﬁdaed

SO

recei ver/decoder 13, such as hardware and war e version nunbers an
avai | abl e  code to ppgdate yareus vasiable Yalyestapd gleisomine, Jats changrs AdAR errorew
devi ce 4062..,E4n¢tions can be downl oaded into the library, being
stored in FLASH or RAM nenory. :

4

10  Before using the services of any device 4062, a program (such as an application
instruction sequence) has to be declared as a "client”, that is, a logical access-way to
the device 4062 or the device manager 4068. The manager gives the client a client
number which is referred to in all accesses to the device. A device 4062 can have
several clients, the number of clients for each device 4062 being specified depending

15  on the type of device 4062. A client is introduced to the device 4062 by a proo;:dure
"Device: Open Channel". This procedure assigns 2 client number to the client. A
client can be taken out of the device manager 4068 client list by a procedure "Device:

Close Channel".

20  The access to devices 4062 provided by the device manager 4068 can be either
synchronous or asynchronous. For synchronous aco&és, a procedure "Device: Call"
is used. This is a means of accessing data which is immediately available or a

- functionality which does not involve waiting for the desired respomse. For

asynchronous access, a procedure "Device: 1/O™ is used. This is 2 means of

25  accessing data which involves waiting for a respdnse, for example scanning tuner
frequencies to find a muitiplex or getting back a table from the MPEG stream.
When the requested result is available, an event is put in the queue of the engine to
signal its arrival. A further procedure "Device: Event" provides a means of
managing unexpected events.

30



15 The run tinme engine 4008 is coupled to a device manager 4068 which is
coupled to a set of devices 4062 which are coupled to device drivers
4060 which are in turn coupled to the ports or interfaces. |n broad
terms,. a deWeewskiésver can be regar ded as defining a [PGEIR(00850
interface, so that two different device drivers may be coupl ed to a
common physical port. A device will nornmally be coupled to nore than one
20 device driver; if a device is coupled to a single device driver,_the
device w || normal |y be designed to incorporate the full N
functionality required for comunicat i-d#r so that the need for a
separate device driver is ohviated Certain devices ma conmuni cat e

y .
among t hensdy peted aboye; the saaip;lpop i thecria, e GUSBE J5,CO%RIEH & arvarigyrefr ns of
communi cat i § qdRvs C r WX leRE: by
means of vaﬁr}iage[:s) ggﬂ,uEgﬁe{ fers, ﬁl}ngheenvtgﬁﬁgﬁ%?@h%%%m #f'ap gggéagéqtg%eﬁg set of
event queuewntrol is temporErilyntransfarreddn opé of the process vequenksc odits. 13 i s
represented as a device 4062 in the 30 software architecture of the
recei ver/ decoder 13. Devices can be either |ocal or
-12- 5 Thuspliotan beoseeh thatviheesentfllofrdcassbri@0 promides ar ghatfofiCARRV¥ingonnect or
signal s, node er.i al and ar_a{.l el interfaces atﬁ/PEG Vi d(—‘r;o and

a variety o

audi o pl ay é:pngagaglﬁ f@g@snge\et% imng an application to communicate wi

devices.

In the case of received audio and video signals, the MPEG packets containing these

10  signals will be demultiplexed and filtered so as to pass real time audio and video data

in the form of a packetised elementary stream (PES) of audio and visual data to

dedicated audio and video processors or decoders 33, 34. The converted output from

the audio processor 33 passes to a preamplifier 35 and thereafter via the audio output

of the receiver/decoder. The converted output from the video processor 34 passes

15  via a graphic processor 36 and PAL/SECAM encoder 37 to the video output of the
receiver/decoder. o .

With reference to Figure 2, the graphic processor 36 is preferably designed to
generate a screen display combining moving images together with overlaid text or
20  other images. More specifically it can combine 4 layers; a stills layer, a moving
image layer, a graphics layer, and a cursor layer. As described in more detail below,
the graphic processor 36 additionally receives grapbic data for display (such as
generated images etc) from the central processor 20 and combines this information
with information received from the video processor 34 to generate the screen display.
25
As shown in more detail in Figure 4, the graphic processor 36 includes dedicated
RAM memory area 40, dedicated microprocessor 41 and graphics library 42. With
reference to Figuf_e 5, the RAM memory area 40 of the graphic processor 36 is
divided into a number of buffer éreas; a stills layer buffer area 43, a moving image

30 layer buffer area 44 and a graphics layer buffer area 45.



and tabl e extractor. Renote devices 4066, executed in a renote |ocation,
differ from | ocal devices in that a port and procedure nust be
defined by the sysham authority or 5  designer, rather tharpdiytegesbese ce
and device driver provided and designed by the , recei ver/ decoder

manuf act ur er. The run tinme engi ne 4008 runs under the control of a
m cr oprocessor and a common application programmng interface. They
are installed in every receiver/decoder 13 10 so that all .-
recei ver/decoders 13 are identical fromghe application point of view.

The engi ne 4008 runs applications 4056 on the receiver/decoder 13. It
executes  The stiBtagercisi vsed Aop|batirbwids iaded ofnd bicadR watc e TroOm

out side the receiver/decoder . 13, displays aphics_and text, calls
devi ces for <SSPy S&W%E%W’Eﬁétw*%@eémlg I"?é’%"lég‘gfe‘lo 383 43 cangueferbihect ed

to the endi nendfa%y g8 ARG 4:/EAFAN icifbination of the folid%sha! BrdobiBs: en0i ne

4008 i s an executabl e Code 1ns ed i n each receiver/dec

and includes an igeneratmganst filling teqrangley withrspecifiel colours (dgfinebby apttods. The
engi ne 5 40%§f)i.s adaptabl e to any operating system including a single
task operating sysit'ém 20 (such as M5-DOS). The engine 4008 is based on

process sequencercopying $m{geliredeivtedkfeom the MPEdiatnsseanw,ent s such as a key
press, to carry out variouys actions), and_.coniai its own schedul er
to manage event a%r&a%%gWdﬁ#ﬁ%@%ﬁr@?ﬁtbﬁﬁ%&ﬂi*‘?’ﬁ%ﬁ%égpr@%@so
handl es the di spiwafipsder @(fe&hi cs and text. A process sequencer unit :
conpri ses a set of action-groups. Each event causes the process
sequencer unit to nove fromits 25 current action-group to another

act i on- iy OUPrHe inGVRE MG By isied F0PhE Gh&ImiRf vide8 signals otRYBRY frof{'fhe! ©
execute the actionsggggﬁ\eynew. action-group. é . gn_!a.lhe eng?&neoggg?
conpri ses a MBEG datsastesam. o The gircuimy andwoftpare asppristed withrtbe 40Gdng image
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i's verifiedcombine images from a plurality of sources into different areas of the buffer area.

15  The graphics layer is used to produce titles and icons (graphics). Titles are freqﬁem]y
subtitles, which appear centred near the lower e&ge of the image, but may also appear
in other positions on the image. Icons are generally geometric shapes such as
rectangles, circles, buttons, and dialogue boxes (it will be realized that the term
"icon" is here being used in a broad sense).

The graphics layer is defined by one or more rectangular regions, each rectangular
region bcmg defined by the coordinates of the upper left corner of the region and the
size of the region. Accordingly, the graphics layer buffer area 45 is sub-divided into
a plurality of buffer regions 45A, 45B, ... 45N, one buffer region for each of the
25  rectangular regions of the graphics layer. Each buffer region 45A... comprises a
plurality of sub-areas 45A%, 45A'...45A". Each buffer region is created by a
"subtitle" device 4062, under the control of an application 4056, in the central
processor 20 using a command procedure stored in the graphics library 42.

30 With reference to Figure 6, the contents of the stills layer buffer area 43 and the



- 13- by an authentication nmechanismto prevent any nodification of

an application 4056 or the execution of any unauthorized
application. The engi ne 4008 further conprises ’ a deconpressor. As
the applicatW¥OP€§® (a formof intermediate code) is conpr e%‘ng'&?”’“”so f or

space saving and fast downl oading fromthe MPEG streamor via a built-in 5
recei ver/ decoder node, the code nust be deconpressed before loading it into

t he RAM The engi ne 4008 al so conprises an interpreter to interpret
the application code to update vgtious vari abl e val ues and detérmn ne
status changes, and an error checker. Before using the

servi ces of nRRngdRivige Qayt dhffePardh A4l ANt Ué%@r@a?i pﬂni){ét

i nstruction sequgcejnce hﬁﬁg to be declar edeilas a’" " IPQ e”g’?ogl cal
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manager giv rred to in all
accesses toﬂ?’ﬁ{zaag‘gaste. 'ﬁggg ?ﬁ“‘&ﬁ‘s‘?"‘%aﬁg?”°°mgm§‘i\‘i’é'5éﬁe&1>wm s, the
nunber of cbf ¢t graphics dayeh buliferi area 455 3s higise gostprsiaté eAddaRevdingimifar ON
t he typS of de.V| 8 8? A client is introduced to the device 4062 by a

e

pr ocedu Open Channel ". This procedure assigns a client
nunber to the cllent .client can be taken out of the. device
manager 4068 client i st by a procedure_ "Device: Cl ose Channel "

20 The ac&BESUPH! pEthrtmixing)eipcuis is\combined ywith e qutput of achardyeare £088r can be
ith
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which is i mbxaatmrgofaheﬁnsmanersr The cursor layeriicpriefenably supergusedophgadynot

i nvol V_ﬁiowa' a8, Githobd fhe Wpiibd GF'blehGRENSE the doBibination of the first 3 layers, so
that the combination of the first 3 layers is wholly obscured within the area of the
cursor. However, one of the bit values available for the cursor pixels is preferably
"transparent”, so that the cursor can effectively have “holes" in 1t thmugh which the
underlying combined i 1mage from the first 3 layers can be seen.

15 .
This 4-layer structure produces potential problems with respect to the third layer;' that
is, the graphics layer. These problems arise because two separate types of display
element, titles and icons, are being generated in the same layer. There is therefore
the possibility of conflict between these two typeS of display element. For example,

20 it will often be desirable to change the titles and the icons at different times (and often
it will be desirable for the icons to remain in place for longer than the titles). As
noted above, the fact that titles may appear in any position on the display, rather than
solely in the standard subtitle position, means that such possibility of conflict is
substantial.

To overcome this problem, each buffer region 45A, 45B... includes two buffer sub-
areas 45A° and 45A! which are reserved for use by the subtitle device 4062 to build

and display subtitles.

30  The subtitle device 4062 in the central processor 20 selects which of the two buffer



asynchronous access, a procedure "Device: 1/O" is used. This is a neans of
25 accessing data which involves waiting for a response, for exanple
scanni ng tun@oogssesgs frequencies to find a nmultiplex or gettipeerngesdossd

table.fromthe MPEG stream When the requested result is avail abl e,
an event is put in the queue of the engine to signal its arrival. A
further procedure "Device: Event" provides a neans of managi ng
unexpected events. 30 Lo
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converted output from _
The received data (subtitles) is directed into the two buffers sub-areas 45A° and 45A!
aiternately. In other words, the subtitle device 4062 reverses the roles of the two
10 sub-areas each time the working buffer has a new complete subtitle page to display,
as the contents of that sub-area are no longer changing, giving a steady image which
is acceptable to the viewer so that sub-area can be ﬁser_l as the display buffer. The
contents of the display buffer are read out as the graphics layer for combination with
the combined stills layer and moving image layer. The interval between the
15  interchange of the roles of the two sub-areas 45A° and-45A}, that is, between the
interchange of the working and display buffers, is typically 5 to 10 s. At that point,
the subtitle device 4062 in the central processor 20 outputs an appropriate command
to the graphic processor 36 to interchange the roles of the two sub-areas 45A° and
45A', and, in turn, the microprocessor 41 of the graphic processor 36 clears the
20  contents of the other sub-area and directs incoming data to that sub-area.

Each buffer region 45A, 453. .. includes 2 further buffer area, namely an icon buffer
area 45A}, 45B....., as shown in Figure 5. Each icon buffer area 45A' comprises one
or more icon buffer sub-areas, 45A2, 45A%... up to 45A'5, Each icon buffer sub-area
25  contains respective icon image data. The icon image may be generated by software
stored in the central processor 20, stored in the .RAM area 20A (or FLASH memory
area) of the central processor 20 and copied by the central processor 20 into a
designated icon buffer sub-area of the RAM area 41 of the graphic processor 36.
Once an icon image has been stored in the graphic processor 36, it remains in its
30  buffer sub-area and can be copied repeatedly to either of the two buffer sub-areas



the audi o processor 33 passes to a preanplifier 35 and thereafter via the

audi o out put of the receiver/decoder. The converted output fromthe
vi deo processor 34 passes 15 via a graphic processor 36 and PAL/ SECAM
encoder 37 tWOPWEE4S deo out put of the recei ver/ decoder PCT/IBI%/00850\y { h

reference to Figure 2, the graphic processor 36 is preferably designed to
generate a screen display conbining noving i mnages together with overlaid
text or 20 other images. Mre specifically it can conbine 4 |ayers;_ a
stills layer, a noving i mage | ayer, a graphics layer, and a cursor
| ayer. As described in nore detail bel olé- t he graphi c processor 36

addi tionally recej vgg graphic data, for d| spl ay (such as gener at ed
i mages et c) 4?19‘ c Wheneyer fﬁ%’é%’*‘ssl)‘? BE0WAYrd adﬂ}%? prxiss Of jicon; i lnmmm| on

wi th infor ”%E'c@ﬁkuﬁx@&ﬁ' W%ﬂ:hf Eaﬁrﬂetxﬂ& ¥ Gﬁﬂe@"r%ﬁ@ﬁ?&% atfd ok WHARNES t'i‘:he I aph| c

screen di spl ay. shown 1 n nore In Figure 4,

processor SGﬂFW@ﬂudes dedlcated RAM nenory area 40, dedlcated

m croprocessor 41 and graphics library 42. Wth reference to Figure
5, the RAM nenory area 40 of the graphic processor 36 is divided into
a nunber5 of Thefcbmbinatiemef tie twbiimnbges| theanbthla‘sfmgafnemafb? otiterrof\theghffegage 30

| buf f 44 | a f
| Taer P oyl #aTind SoaT R ion PR i e SRS ABASAL S schivedal y
static nat Ub$ copyifg the i 1con uﬁdgé(iﬁtb Eﬁd/waﬁkﬁlg%ﬁffcﬁ%ﬁt g SmerwRcES ol theltpg Stills

| ayer buffer area 43 'f generate an i mage therein by any
desired conf¥haerohsd %ésﬁoﬂq @%‘W@’epﬂb% isplay buffer. As specified by the

controlling application, the subtitle device 4062 outputs an appropriate command to

10  the graphic processor 36 to copy the contents of a specified icon buffer sub-area to
the working buffer just before the working buffer is to become the display buffer, that
is, when a complete subtitle page has been stored in the working buffer.

With the above arrangement, the icon itnége currently being displayed is stored in the
15  display buffer, the next icon xmage to be displayed may already be stored in the
working buffer, and a fresh icon unage may be under construction by the icon
generator while the working buffer is recewmg subtitles data. This arrangement
requires synchronism between the mterchangmg of the working and adjacent play
buffers and the construction of fresh icon images. '
20
At any time, the application comrolling the subtitle device 4062 may require the
currently displayed icon image to be changed without alteration of the displayed
subtitle, for example, upon input of a comxhand from the remote control 25. In this
case, the subtitle device 4062 outputs a command to the graphic processor 36 to copy
25  anicon image stored in the icon buffer area immediately into the display buffer over
the icon image already stored therein.

In summary, when a subtitle screen has been fully received in the data buffer area,
30 acentral processing unit in the receiver/decoder, under the control of a device, passes



- generating and filling rectangles with specific colours (defined by

up to 24 5 bits); - copyi ng .i mages received fromthe
MPEG dat a st (\@A3lsea65s - repeati ng an i mage occupyi ng pbesspdolvassot he
full s¢reen area to produce a . wal | paper effect. 10 The

nmovi ng i mage layer is used for the incomng video signals obtained fromthe
MPEG data stream The circuitry and software associated with the noving

I mage | ayer buffer area 44 can preferably resize and scal e the--

i ncom ng i mages, and conbine ingges froma plurality of sources into
different areas of the buffer area. 15 The graphics layer is used to
produce ti ticea datadniocthe sia(agmmh larea) preferable Jusaibefoke thpudned Styred in the data
subtitles, ch a {%ear d near, the | o Y1‘gdg of he i mage, but may

al so appear " BhFeS e PO PHFH Hta &0 ProYise Coyr 1B He R | y

geonetric SHeRLEEverlp bedveen the icon AIRECHANEF AE substitles hﬁscoﬂ)eant B Rid GVt wstie al ogue
boxes (it wll be realized that the term i con" is here being used

in a broad Bahggthe sbtitle, but themenvapepped PR 630 bascopcparartly digplayrd with nor e

'rectangglar tHe g?ﬁ each rectangul ar - regi on -bei ng defined by the
coor di nat es of e upper | eft corner of the region and the si ze of
the region. Accordingly, the graphics |ayer buffer area 45 is subdivided

into lural it uffer re |ons A, 45B, uf f er
regi on for ZB%R"’SF tdﬁ §§f& ’3@5%@% 8?%?“8@%’8"@55%98%‘@ g% er. Each
gng 1E er ]r egi and &%d;sm&mmfbbﬁﬁfenamdware aﬂi soTewaré,Yaroh m@fen&cé&‘i«[tgé r], i

err subtitle"

dovt ce. 405 2RTHIFHEHOR Fd Wik o B dereriaet BEARHALc o HOBYS, Bpied (e deingtpd
50 wth Zﬁﬁ%‘w&f&ﬁ‘é‘?ﬁb‘%%?%ﬁ@?ﬂ op PO s‘fﬁ?‘a'%Pr‘Eﬁfyf or
area 43 andresgiver/decoder are commercially available or can be readily designed, and
be used as the basis for a hardware accelerator, or more preferably modlﬁed to
produce a dedicated hardware acceleraior, to implement various of the operations
required, thereby reducing the processing power required to run the software.
15 However, the operations required may be implemented in software if sufficient

processing power is available.

The modules and other components have been described m fefms of the features and
functions provided by each component, together with oﬁtional and preferable features.
20  With the information given and specifications provided, actual implementation of
these features and the precise details are left to the implementor. As an example,
' certain modules could be implemented in software, preferably written in the C
programming language and preferably compiled to run on the processor used to run
the application; however, some compoﬁents may be run on a separate processor, and

25  some or all components may be implemented by dedicated hardware.

The above modules and components are merely illustrative, and the invention may be
implemented in a variety of ways, and, in particular, some components may be
con_xbined with others which perform similar functions, or some may be omitted in
30  simplified implementations. Hardware and software iniplementatibns of each of the



-16- noving i mage | ayer buffer area 44, as they are read out, are
m xed together by a m xing circuit 50 which can be set to bl end
(al pha blending, that is, translucently) those outputs; and the
out put . of t h¥MO%HS&46hg circuit 50 is conbined with the contenf§T/1BIY00850 of
the graphics |ayer buffer area 45, as those contents are read out, by a
simlar 5 m xing circuit 51. The output of that m xing
circuit is conbined with the output of a hardware cursor gener at or
52 by a conbining circuit 53 which supe&goses a cursor signal on the ~

- conbi nation of the first 3 layers. The-etrrsor layer is preferably

super posed a hat. t Qut the o tion | endi ng, on the
conbi nati on ¥IHyr é? fgjeefyawesds b beeen foap Dceﬂﬁ M‘Ml%ﬁwe t he
first 3 | ayesmpogennhol |y obscured within the area of the cursor.
However, one o the bit values available for the cursor pixels is
preferabl y “transparent”, so that the cursor can effectively have

“hol es” in if mrue%whﬁ&rgm that the [HR4BAL YEAGRRTHY gm t he
first 3 |ayers can be seen. the I'S éé ayer str ::}'?ure proﬁ’u@'@
potenti & pﬁ@lbplefﬁ% softwarer empemh {ike tane pefformed @neor, usitm telectrical and diket he

3 amont . 1 Fpa TR, BAPE B ionk infl RE MR, I RORECOE iy WEp R r 6 | &

therefore FLASH.the possibility of conflict between these two types of
di spl ay el enent. For exanple, 20 it wll often be desirable to change the
titles and the icons at different tinmes (and often it wll be

desirabl e f frwilhie isdersoddothatatiBliphestdt iBvaEdn Has bhm&n“ééa%ow u?él% bgS) - As
not ed 3ove the fact that titles may appear in p05|t|on

di spl ay!? r a0t example, and modiicarigns; of defail sam b esﬁmtthe seapsi of 4a, neans
that such p 2 feé‘tﬁt’éf t.ant
overcone t h?'?%‘%m emcaefa b‘t‘%‘?&e&?’égﬂl‘ %ﬁesﬁgiﬁm 5%3 (mllklhecgp}éoe%n?v&)mguf fer

sub- claims and drawings may be provided ‘independently or in any appropriate
combination.




areas 45A[err] and 45A[err] which are reserved for use by the subtitle
device 4062 to build and di splay subtitles. 30 The subtitle
device 4062 {y dofdussentral processor 20 sel ects which of thepéwsdonbdser
-17- sub-areas 45A and 45Alerr] is to be used to receive incom ng
data for display and out puts an appropriate conmand to the graphic
processor 36. In turn, the m cr oprocessor 41 of the graphic
processor 36 directs incomng data to the selected ______ buffer sub-area.

For this pur pose, the two buffer sub-arfgas 45A[e and 4 are treated
5 as a "working buffer” and a "display buffer". The LMH jwmmmmch
currently CLAIMSnNncom ng data is fed is the vvorkl ng

contents wilT be changi ng. The received data (subtltles) fs
directed into the two buffers sub-areas 45A err] and 45A[ err]

al ternatel yq t QBée e ol es of
the two 10 subgax?g%ga\gggﬁm %ﬁﬁgﬁﬁ ﬂg&gﬁﬁ g haégatﬁé]ew cgprr% ete
subtitl e pagee portdps picaiving data and guemory mmsnmpn&ngtaqdatashyﬁeam fare no

i over 8ot Rabe jRloBE ohabf Ay AL « Wallls ety akf A87SEME Buled 10

contents of dithesaitl mpthoy cbmf)fisiﬁg mmgegﬁtbhtustdaastdmemgba [graphics basfer afear

conbi nati on with e conbj ned ‘st | ayer and i ng i mage | ayer.
The i nt ervaf® %tdﬁféelﬂ‘ffeﬁémfg“ Comg {"é?t&‘??aw al’l‘?étarsfﬂ‘@g%“?he two sub-areas
A5A[ err] and 45A[err], that is, between the I nt erchange of the

wor ki ng and _di spl ay buffers S ti;wcally 5to 10 s. At that point,
the subtit| & devAdaethobaccordingito Claim la whsrei theista M@wmnmapmopu ate

COMBNGQ  data buffer sub-areas, said incoming display data being directed into one of said sub-

areas at a time.

3. A method according to.Claim 2, wherein the two sub-areas are interchanged
so that further incoming display data is stored in the other sub-area and graphics data
15  stored in the graphics buffer area is passed to the other sub-area.

4. A method according to Claim 3, wherein the two sub-areas are interchanged
immediately after graphics data stored in the graphics buffer area is passed to one of
the data buffer sub-areas.

5. A method according to any preceding claim, wherein the graphics buffer area
comprises a plurality of graphics buffer sub-areas in which graphics data is stored,
graphics data being passed to the data buffer area from a selected one of the graphics
buffer sub-areas.

6. A method according to any preceding claim, wherein the combined graphics
and display data is further combined with other received data to provide video data.

7. A method according to Claim 6, wherein graphics data stored in the graphics
30  buffer area is passed into the data buffer area for combination with display data stored



to the graphic processor 36 to interchange the roles of the two sub-areas
45Al err] and 45Al err], and, in turn, the m croprocessor 41 of the
graphi c processor 36 clears the 20 contents of the other sub-area and
directs i ncowPagyse@es a to that sub-area. Each buf f er RGEGIBIPOMSSN,
45B... includes a further buffer area, nanely an icon—buffer_...__ __ area
45Al err], 45B[err]...., as shown in Figure 5. Each|j L@l

45Al err] conprises one . or nore icon buffer sl“"u,wﬂy"mﬂﬂ”m A3. ..
up to 45A[err]5. Each icon buffer sub-area 25 cont*ai AS resy icon
| mage data. The icon i nage may be gene?fé't ed by software stored in the

W

central progessor 20, stqred i,n the RAM area 20A (or. FLASH penory
o ea) of "t raerE fmeanipsy efie e Ui ormbtngl Gaps HHGoRIAY Falh S ACBRIRby 20
into a witldl &4 ofhiet eskeive@@afauf f er sub-area of the RAM area 41 of the

gr aphi c processor 36. Once an icon inmage has been stored in the
graphic processor 36, it remains inits 30 .buffer sub-area and can be

copi ed repeaat edl [ ; : o = .
0B, ° " PR A mh R b Rtio o bl priching 1ol yRUA R i dta comppises. ot s
of i conSi ndgueslayers of data, saitheombined graphiesl andvldisplay aiata domprising dne oftsaidever

sequences qgﬂ?@t what ever tines are required. 5 The
conbi nati.on of "the two i mages, the subtitles image in one or other of the
buf fer sub-areas 45A[err] and 45Alerr] and the icon image in the

i con buffer, area 45Alerr], .1 s aghieved . by copying the icon jmge
nto the wikki nd msﬂ{og@,clqrﬂ'as 9 @Pmmﬁe Fhieginthe feif Igyert fEda gomprise said
combined graphics and display data layer, a stills data layer, a moving image data
10 layer, and a cursor data layer.

10. A method according to Claim 9, wherein the moving image data layer and the
display data comprise at least part of an MPEG datastream.

15 11. A receiver/decoder comprising at least one port for receiving data, me-mory
means comprising a data buffer area for storing incbming data for display and a
graphics buffer area for storing graphics data, and means for passing graphics data
stored in the gfaphics buffer area to the data buffer area for combination with display
data stored therein. N ' |

20 | | |
12. A receiver/decoder according to Claim 11, wherein said data buffer area
comprises two data buffer sub-areas, and the receiver/decoder further comprises
means for directing incoming data into one of said sub-areas.

25 13. A receiver/decoder according to Claim 12, further comprising control means,
the directing means being arranged to direct incoming display data to one of the data
buffer sub-areas as specified by said control means.

14. A receiver/decoder according to Claim 12 or 13, further comprising means for
30  interchanging the two sub-areas so that further incoming display data is storable in



sub-areas 45A[err] and 45Alerr] is not currently the display buffer. As
specified by the controlling application, the subtitle device 4062
outputs an appropriate command to 10  the graphic processor p3gahedesdey the
contents of a Specitied icon buffer sub-area to t he wor ki ng buffer

just before the working buffer is to becone the di buffer, that
is, when a conplete subtitle page has been stored ﬂmﬁmumﬂrﬂmmuffer
Wth the above arrangenent, the icon image current dts
stored in the 15 di splay buffer, the_.gmxt icon inmage to bé dfspFayed may
al ready be stored in the wor ki ng buffer, and a fresh icon i nage may
be under conké¢ othet subrarby andhgraphiosidata stored igaehe prmphics tifféreared iz pagsablen® buf f er
i's receivi anSU titl.es data. This arrangenent requi res synchroni sm
bet ween t he PRORFLAHYeHg of the working and adjacent play buf fers
and the construction of fresh icon imges. 20 At any tine, the
application controlling the subtitle device 4062 may require the
currently dildpl ayesrcriveHdscadereaceerding te Kdale 44 Whereinthe interchanging meanshe

is {d

5

di spl ay : f""“!ﬂ’b ' RS Hﬁ@rn ' : ; t he
renot e %ntro . Infn{tﬁf%aﬁ@:f : casaga, bt_e sédt?l.)rut}ﬁsllg;mdew cg]gjt%gééu puts a
command t o tdata sjoraglin thepgraphicssmffeg@reads pasgsed woone ofithe data tuffer suts-areased i n
the icon buffer area immediately into the display buffer over t he
i con inmage already stored therein. In summary, when a subtitle
screen has léen fAitdcyiverdsebdes detording e st of Claiiniscll tariSawhafdin tha gesphiidsal -
D1 0CCSST M0 Yoler ke chipe S A 7 hics VAR sl et Wikt Saphics ™

10 is storable, graphics data being passable to the data buffer area from a selected one
of the graphics buffer sub-areas.

17. A receiver/decoder according to any of Claims 11 to 16, further comprising
means for combining the combined graphics and display data with other received data
15  to provide video data. 3 '

18. A receiver/decoder according to Claun 17, wherein the passing means is
arranged to pass graphics data stored in the graphics buffer area into the data buffer
area for combination with display data stored therein'itlnmediately before combining
20  means combines the combined graphics and display data with said other received data.

19. A broadcast and reception system includinga receiver/decoder according to
any of Claims 11 to 18, and means for broadcasting said data.

25 20. A method of processing video data in a receiver/decoder substantially as
herein described with reference to the accompanying drawings.

21. A receiver/decoder substantially as herein described with refernce to the
accompanying drawings.
30



-19- icon data into the data buffer area, preferably just before
the data stored in the data buffer area is combi ned with ot her data
to provide video data. Hence, in the event -of an overlap between the
i con and parwoob/sedée subtitle, the icon can be |aid over thaRCT/1BI%/0085% 5 ¢
of the subtitle, but the non-overl apped parts canbe-corecurrently displ ayed

wth 5 the icon. The precise details of [ ron of
the various functions described above, and tm,’mmlmmmm"’
between hardware and software, are a mgtter of choicé fer ther s = " ~

i mpl ementor and will not be described ™1 detail. It is, however, noted that
dedi cated 1 i pt i ks b [erfonrnl L ope i ons
required i%?’thg'8Rﬁ&&gg?§%é§§%b&§é§%§@rgg?gL%gﬁnéfgggﬁgf&ggggﬁé%ﬁ% or can
be readily rkferenpectd, thenctohipesying drawings. be used as the basis for a

har dwar e accel erator, or nore preferably nodified to produce a

dedi cated hardware accel erator, to inplenent various of the operations
required, thereby reducing the processing power required to run the
software. 15 However, the operations required nmay be inplenented in
software if sufficient processi ng power is avail able. The
nodul es and ot her conponents have been described in terns of the features
and . functions provided by each conponent, together with optional and
preferable features. 20 Wth the infaormation given and specifications
provi ded, actual inplenentation of these features and the precise
details are left to the inplenentor. As an exanple, certain nodul es
could be inplenented in software, preferably witten in the C

progranmm ng | anguage and preferably conpiled to run on the processor used
to run t he application; however, sone conponents may be run on a
separate processor, and 25 ~-sone or all conponents may be inpl enented by
dedi cat ed har dwar e. The above nodul es and conponents are nerely
illustrative, and the invention may be i npl enented in a variety of
ways, and, in particular, sone conponents may be



combi ned with others which performsimilar functions, or some nay be
omtted in 30 sinplified inplenentations. Hardware and software

i npl enent at i ch of the

- 20- : fﬁ&é??%%§9nay be freely m xed, both betmeen'conpoﬁgﬁgg%gﬁ o
within a single conponent . 1 /1téwi || be readily understood that
the functions perforned by the hardware, the 5 conputer software, and
such li ke are performed on or using electrical and |ike si gnal s..

Sof tware inplenentati ons nay be stored in ROM or nay be patched in

FLASH. It wll be understood that the present invention has been

descri bed above purely by 10 way,of exanple, and nodifications of detail
can be made within the scope of th %&;_1_i nvention. Each feature disclosed
in the description, gnd (where appropriate) the cl ai ms and draw ngs
may be provi ded inde%%ﬂ?ently or in any appropriate conbi nat i on.
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-21- CLAI M5 1. A nmet hod of processing video data in a
recei ver/ decoder conprising at |east one port for receiving data and
menory neans conprising a data buffer area for 5- storing inconing data
f or display,“@ﬁﬁ2§“§raphics buffer area for storing graphicé‘”ﬂB?wmﬂﬁ a,
sai d nmet hod conprising passing grgphifs ata stored in the graphics buffer
ar ea to the data buffer are@ for cOnbination with display data stored:

t herei n. 2. A method according to Claim1, wherein the data
buffer area conprises two 10 data buffer sub-areas, said incom ng di'spl ay
data being directed into one of said sub- areas at a tine. 3.
A nethod a rding-to g m2, Mhereiqq the two sub-areas are interchanged
so that furthar i f¥dni ng™N spl dat #¥hs stored in_the other s_ubuadaa and
graphics dat § 15 ' buffer area iIs passeq E§arhe
ot her sub-ar ga. ording to Geaim 3. Wle t he
two sub-area$ are iately aftef} praphic ﬁ?tﬁ stored
in the graphfcs bu ne of \khgﬂda a |bar f
sub-areas. 29 ‘'ng to any precediEn | ai_m
wherein the §raphi rrses a pl Wal;g Zat aphi ks
buffer sub-aféas i st or ed, a hifjcs| dat a
bei ng passed]to th a sel ected ong f ggjﬂﬂTFCs
buf f er s ajeas. © [3Y]
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25 - 6. A nmet hod according to any preceding claim wherein the

conbi ned graphics and display data is further conbined with other
recei ved dat LQvi de video data. 7. A et hod to

Cl aim 6, wher%g?n 5Eggrée%phl cs data stored in the graphics 30 bu ,géd;go?%oa IS
passed into the data buffer area fo@ cowbirGati on with display data stored
-22- therein i medi ately before the thus conbi ned graphics and

di splay data is conbi ned with said other received data. -. 8.
A met hod according to any preceding claim wherein the video data conprlses
5 four layers of data, said conbined graphics and display data conprising

one of said | ayers. 9. A net hod according to C aim8,
wherein the four layers of data c$ﬂi ' sai d conbi ned graphics and
di splay data layer, a stills data’l clw,'a novi ng i mage data .10 | ayer,
and a cursor data |ayer. 10. A peigod according to Caimg,
wher ei n the 4856 Qg i mage da_t,é40£7er and t he/
AT R D
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Yy A 4 — \ A Y __907
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di spl ay data conprise at |east part of an MPEG dat astream 15 11. A
recei ver/ decoder conprising at |east one port for receiving data, nenory
means conprising a data buffer area for storing incomng data for display
and a - Jvurneess buffer area for storing graphics data, BREHTEIVENESOT or
passi ng graphics data stored %n tpe graphics buffer area to the data
buffer area for conbination with diSplay data stored therein. 20

12. A receiver/decoder according to Claim1l, wherein said data buffer
area conprises two data buffer sub-areas, and the receiver/decé6der
further conprises means for directing incomng data into one of said
sub- ar eas. 25 13. A recei ver/decoder according to Claim12, further
conpri sing control neans, the directing neans being arranged to
direct incomng display data to one of the data buf fer sub-areas as
specified by said control neans. 14. A receiver/decoder according
to daim112 or 13, further conprigrngbq$ans for 30 i nterchangi ng the two
sub-areas so that further incomn pray data is storable in

-23- t he ot her sub-area gre—graphtes tha stored in the graphics
buffer area is passable to
CPU 'RAM
20 20A
— I
MICROPROCESSOR Y Ao
41 : GRAPHICS
TN e . LIBRARY
\ N 42
RAM —
364/
GRAPHIC | Y
PROCESSOR =
ENCODER
37

|/




t he ot her sub-area. 15. A receiver/decoder according to C aim
14, wherein the interchangi ng neans 5 is adapted to interchange the two
data buffer swo®rsess | nmedi ately after graphics dat a stofgededsds t hE
graphics buffer area is passed to one of the data buffer sub-areas.

16. A receiver/decoder according tD arfy o6 dains 11 to 15, wherein the
gr aphi cs buffer area conprises a plurality of graphics buffer
sub-areas in which graphics data 10 is storable, graphics data being.
passable to the data buffer area fica@nh a sel ected one of the graphics
buf f er sub-areas. 17. Afééceiver/decoder_according to any of
Clains 11 to 16, further conprisi 8< meansgf or conbgzni ng t he conbi ned
graphi cs and display data with ot lBixkpcei ved datéx” 15 ~ "t@ provide video

dat a. 18. A receiver/ deeoter—accor +g—+0 Cla~w-17, wherein the
passing neans is arrgnged t ¢ S jgrapfji cs bd i n the
graphics buffer arep into the datajbutd er arpg ffor cpmbination with

di spl ay data stored|therein}i medi dtey heford conb| ni pg 20 means

conbi nes the conbi ned graphijcs and|di spl gy datfa with Isai d of her received
dat a. 19. A broadcast a%d recepti on systewlinclujing a
recei ver/ decoder acfording §o ==amy-fof Cljains [L2 {o 18] and neans for
br oadcast.i ng sai d dpt a. 2 20. A gt hod [of prpgegsi ngjvideo data in a
recei ver/decoder supstantially as |____ | Herein described wifh reference to
t he acconpanyi ng.draw ngs. 21. A regei verf degoder} substantially
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30 | -24- 22. A
broadcast and reception system' substantially as here| n described with

reference to the acconpanyi ng draw ngs.
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