-1 INTERFACE DEVICE FIELD OF THE INVENTION 5 The present invention relates to an interface
device for interfacing a digital stream transmission source or receiver to a computer. BACKGROUND OF
THE INVENTION 10 Devices such as set top boxes, modulators, etc, have ports to accept various types
of digital streams. Examples of digital streams are MPEG2 transport stream, MPEG4 transport stream,
MPEG?Y transporf gifepipagigitaEgjgyision transport 15 stream, and high definition television transport
stream. To process the digitat streanT the device coupled to the transport medium must comply with
required, electrical characteristics and the transport stream protocol. Currently an individual module for
each type of inputiskieBCOPO0 Tiklkst IDNSPEEIfidAlly constructed and configured to meet the electrical and
protocol characteristics for the type of digital stream being received. The present invention provides an
interface ung thaji_ﬁ'an be 25 c%nfi?ured to receive Tt ansmg a plurality Ef tlyﬁss of ddgital bit sfream. An
optional objéct of B ifVehthis (o TEEBVeHhd/of trah&mit c31Iigff§l blt"eeahf&éco Hé S thelectrical
characteristics of &HRyjitaAstir&dmarebedicrAlanshii®ararid BRI SiBéaN FOWCER ¢fra POGSLNEIty of
digital stream types. BRIBhRIYMMARY OF INVENTION According to one aspect of the invention there is
provided 35 an interface between a digital device for transmitting and/or receiving a digital stream and a

computer, the interface comprising:
BACKGRQU OF THE | NVENTI ON

10
Devi ces such as set top boxes, nodulators, etc, have ports
to accept various types of digital streans. Exanpl es of
digital streans are MPEQ2 transport stream MPE& transport
stream MPEG/ transport stream digital television transport

15 stream and high definition television transport stream To
process the digital stream the device coupled to the
transport nmedium nust conply wth required, electrica
characteristics and t he transport stream protocol.
Currently an individual nodule for each type of input stream

20 must be specifically constructed and configured to neet the
el ectrical and protocol characteristics for the type of
digital stream being received.

The present invention provides an interface unit that can be
25 configured to receive or transmt a plurality of types of

digital bit stream An optional object of the invention is

to receive and/or transmt a digital bit streamaccording to

the electrical characteristics of a digital stream

receiver/transmtter and the bit stream protocols of a
30 plurality of digital streamtypes.

BRI EF SUMMARY OF | NVENTI ON

According to one aspect of the invention there is provided

35 an interface between a digital device for transmtting
and/or receiving a digital stream and a conputer, the
interface conpri sing:



- 2 adigital stream transmitter/receiver (transceiver) for transmitting digitally streamed content and/or
receiving digitally streamed content to/from the digital device; 5 a computer bus interface for
receiving/providing data to/from a computer bus of a conguter for use by the computer and/or as
provided by the computer; and a data converter for converting data received by the 10 digital stream

receiver into data useabje by it% é:%mpu_tsetr [ proyided 1o the,pomputar hus an qramgegrp\(péng data

received by the computer bus interface into digitally streamed data for transmissjon by the digital Stream

It
transmitter. 15 PFErabhAheribitdI@redhPirifddetvet i€ ERIAIEQT GRLerMMA AL RER e Mics of
the digital devicedi Ryieferbbly the rdasrednyartdrés tobfiguredno nieetdiaga ttenstessior protocols of the
digital device. Preferably the 20 computer bus interface is configured to meet electrical characteristics of
the computer bus and to meet datta tra smissioq rqtocol ogthe comé)uter.bus Preferaply the data

converter isconfigured tb CPURH felta 285ntd A sgerl &6 digithl stré 'f\Shﬂg(, RAE LR &t being
signalled to the da®d toaverterGeaRtd groviiesl 18f tive eompUted vid @l dttpla¥r bhe merubgthe

data converter iszigp eenfigiirgd o caeverby3Q the digital stream Han a selected format into data usable
by the computer when provided to the computer bus, the selected format being signalled to the data

converter in the data provided by the computer via the computer bus. 35 Alternatively the data converter
is configured to recogniSe @7 forfRQNVRhE YigithiEre SANNRS Sigh8l 1t og@sel ved by the
10 digital stream receiver into data useable by the conputer

when provided to the conputer bus and/or for converting data
received by the conputer bus interface into digitally
streaned data for transmission by the digital stream
transmtter.
15
Preferably the digital stream transceiver is configured to
neet electrical characteristics of the digital device.
Preferably the data converter is configured to neet data
transm ssion protocols of the digital device. Preferably the
20 conputer bus interface is configured to neet electrical
characteristics of the conputer bus and to neet data
transm ssi on protocol of the conputer bus.

Preferably the data converter is configured to convert data

25 into a selected digital stream format, the selected fornat
being signalled to the data converter in data provided by
the conputer via the conputer bus.

Preferably the data converter is also configured to convert

30 the digital stream from a selected format into data usable
by the conputer when provided to the conputer bus, the
selected format being signalled to the data converter in the
data provided by the conmputer via the conputer bus.

35 Alternatively the data converter is configured to recognise
the format of the digital stream and signal the recogni sed
format to the conmputer in data provided to the conputer bus.



format to the computer in data provided to the computer bus. 3 Preferably the computer bus is a Universal
Serial Bus (USB). Alternatively the computer bus is a Peripheral Component Interconnect (PCI) bus. 5
Preferably the data converter is a microcontroller. Prefergbly the microcontroller includes a general
programmable interface. The general programmable interface is configured to be programmed to enable
the data converter 10 to meet the data transmission protocols of the digital device. Preferably the digital
stream type is one of an ATSC compliant transport stream, DVB compliant transport stream 15 MPEG 2,

MPEG 4, MPEG 7, BiditaRBhbiitd ¢ \CFURUAEF aRUS DweA, WiaY RiS&! DBy stre BUEEELR8);
IEE488 or digital Atddés fatriateTlye didiel steapu ey incligle eAacodedRédeq e rsaundGafgroragioh. 20
Preferably the datg copwefigfedanaraies)ons @r, more control signals for control of the digital stream
delivery to the digital device. Preferably the control signals are generated according to protocol
requirements of the transport stream type (e.g. DVB Transport Stream requires a 25 clock, packet sync.
and data valid cdft@l sigablsy. Préfegablydhé dransteine igeBEratelsSa didgital bk SIGRAIL ARl igital

control signals. Iippae@mapedimentthe transceivet sialudsas an MPEG T ansport Sireamgea&l port. 30

Preferably the UasAENERIRPRISSIUAIS Y be santglied pya ignal pravides b i eqauter via

the computer bu _ ata is provided by the Tomputer e computer bus interface in
bursts, which 1S configdured to be programmed to enable the data converter

10 to mnmeet the data transmission protocols of the digital
devi ce.

Preferably the digital stream type is one of an ATSC
conpliant transport stream DVB conpliant transport stream

15 MWMPEG 2, MPEG 4, MPEG 7, digital satellite TV, TV tuner data,
DVB/ T, AC3, MP3, Dol by stereo, |EEE1394, |EE488 or digital
radio format. The digital stream may include encoded video
or sound i nformation.

20 Preferably the data converter generates one or nore control
signals for control of the digital stream delivery to the
di gi tal devi ce. Preferably the control signals are
generated according to protocol requi renents  of t he
transport stream type (e.g. DVB Transport Stream requires a
25 clock, packet sync. and data valid control signals).

Preferably the transceiver generates a digital clock signal
and/or digital control signals. In one enbodinent the
transcei ver includes an MPEGQ Transport Streaner |/O port.
30
Preferably the transceiver transmssion rate may be
controlled by a signal provided by the conputer via the
conput er bus. Preferably the data is provided by the
conputer bus to the conputer bus interface in bursts, which
35 are buffered by the transceiver and transmtted to the
transm ssion medium in a digital stream at the transm ssion
rate. Preferably the transceiver buffers the digital stream



35 are buffered by the transceiver and transmitted to the transmission medium in a digital stream at the
transmission rate. Preferably the transceiver buffers the digital stream - 4 sent by the digital device.
Preferably the buffer is a FIFO buffer. Preferably the digital stream transmitter is configured to 5
generate two or more independent media streams. Preferably each media stream is produced from a

multiplexed datas%tﬁga yNerBulplgxpd daja.giream is proyidedig & repRedliyeruier and r ro

de-multiplexed %M ualor multi phase clock signal. 10 Preferably the digital stream transceiver converts
voltage levels fr fth65e used by the data converter to those required by the digital device and vice
versa. 15 Preferably the data converter is controlled by data provided by a computer program executed

on the computer dPifesialhy {ie CRDHiey PIRIrasiireAes daladrithe data; sonvEHEY lri)i@rtéa computer
bus and in térn via the com litel‘ 20 bus Interface, Preferably the computer program ineludes a module
S

u
for providing a &SBﬁiEaf r"]ﬂte?fracg?éﬁl)'fgrdiﬁ?e‘?ggt‘? with ﬁseﬁtorf Omput{a?.qfsr Iglbelfé(rably
the computer pra2f&m indeded a Siste@arivies forPpeilitieg cohtrordf the operatidl 6xeed dadat a

converter and/otrarsagiverang/ordigital geeiced30 fagferally theapemputer pragraandacluggs adibrary
Standards. Prefel T B G OR probe contiof 1o Tl ey B9 o4 BEAIIngr dilf efream
phase cl ock signal.
10
Preferably the digital stream transceiver converts voltage
|l evels from those used by the data converter to those

required by the digital device and vice versa.

15 Preferably the data converter is controlled by data provided
by a conputer program executed on the conputer.

Preferably the conputer program provides data to the data
converter via the conputer bus and in turn via the conputer
20 bus interface.

Preferably the conputer program includes a nodule for
providing a Gaphical User Interface (GQUJ) for interaction
with a user of the conputer.

25
Preferably the computer programincludes a systemdriver for
providing control of the operation of the data converter
and/ or transceiver and/or digital device.

30 Preferably the conputer program includes a library for

di splaying of video, audio playing or data transfers to
speci fic applications according to data stream standards.

Preferably the GUJ provides control of the display of video
35 or playing of sound coded in the digital stream received by
the digital streamreceiver.



35 or playing of sound coded in the digital stream received by the digital stream receiver. - 5 Preferably
the data converter includes a serial bus input/output port that is configured to generate serial bus signals
for activation and/or control of the digital device. Preferalgy the serial bus signals are generated by 5
software running on the microcontroller or hardware/ firmware of the interface. Preferably the serial bus

signals are gengsa %pglrg}ng m[?ruct@éllsaorov&q)qﬂ,gy the com%ph@egataéentstgrtp%m|cr88gntrolIer

and stored in the, interface. Preferably the serial bus sgnals are generated 10 to be com Ilant with

suitable standard, @Y tHEURBW32P8IL AEERbingSo & B{Heglé'éﬁgcttd? {HERGEAIGh hekd R pt%\‘/ﬁjed a
computer to digital gedtes intdréace cantiprisiig:dib a emtipoter basiitedace fof redehdng ditgiftamh a

computer bus of gsanpruter g5 oy idgs) By thecogmuiel al@'i%tab$wéraﬁﬁ@'tﬁ‘éﬁ@rtﬁ'&!ﬂ'ﬁ@g
digitally 20 tream content to the digital deyice; and a data converter f nvertin 93 ta received by
tho. computar bUSTHBEE iRy iy St ehibel Heth F5OHape oy 118 AL el Wl it
25 Preferably thedintetfi€e fuRther E@®erises Bh editaitput (h®) st Refeibiy the an@psrt i@r €
configured to de-ganbiniaxeite steame thdatarie twadtrineere cti@iwsa@am@y 3@ Wecewhinateyetignother
aspect of the inv gtl!oap thgreenlts prp |deq ﬁledlgl g?\gg frg? péu fer n#gréace (fodp@résmq R dlgl];?é

stream receiver for recelvmg dig |taI streamed content from d| ital" devic
i nterface. Preferably t he serlal bus S|gnals are generat ed
10 to be conpliant with a suitable standard, e.g. I1C RS-232
etc.

According to another aspect of +the invention there is
provi ded a conputer to digital device interface conprising:
15
a conputer bus interface for receiving data from a
conput er bus of a conputer as provided by the conputer

a digital streamtransmtter for transmtting digitally
20 streaned content to the digital device; and

a data converter for converting data received by the
conputer bus interface into digitally streamed data for
transm ssion by the digital streamtransmtter.

25
Preferably the interface further conprises an input/output
(110 port. Preferably the 1/0O port is configured to de-
mul tiplex the streanmed data to two or nore digital streans.

30 According to yet another aspect of the invention there is
provided a digital device to conputer interface conprising:

a digital stream receiver for receiving digitally
streamed content fromthe digital device;
35
a conputer bus interface for providing data to a
conput er bus of a conmputer for use by the conmputer; and



35 a computer bus interface for providing data to a computer bus of a computer for use by the computer;
and 6 a data converter for converting data received by the digital stream receiver into data useable by
the computer when provided to the computer bus. 5 Acc@rding to another aspect of the present invention
a digital stream transmission medium to computer interface comprising: a digital stream
transmitter/receiver for transmitting 10 digitally streamed content and/or receiving digitally streamed
content to/from the transmission medium; a computer bus interface for receiving/providing data to/from a

computer bus of a comButétdbAuse BV Rkt mpUfr drfyeid bid%idddbd tHeeGShyeer: B¥d 198 data
converter for condegirgadiatss tecednrd bgtlee viigital streand sdceives gad data lugedbdie by thapedrputer

when provided tqhercqpRMEHBHS 2HAiak dorceniyer g @aia. received by the computer bus interface
into digitally_streamed data for transmission by the digital stream 20 transmitter. BRIEF DESCRIPTION

S
OF DIAGRAﬁVIS Figure 1 is a schematic representation of a preferred form 25 of a system including a
preferred embodAGEM ¢fi ddintéreaceaRREBRYINg &5 BRCpreseht ifvedtion! EREIRG 2 ik BV&Ikehtdtic &

representation ofya grafarredsere agh theriatesiace 0if driguneslii aamfigused @ apertade asia 38 steram
generator; Figur%gljﬁ)?isgpﬁrgn_atic representation of a preferred form of implementation of the stream

generator of Figure Z; 7 _ _ o
a digital stream transmtter/receiver for transmitting

10 digitally streaned content and/or receiving digitally

streanmed content to/fromthe transm ssion nmedi um
a conputer bus interface for receiving/providing data

to/froma conputer bus of a conputer for use by the conputer
and/ or as provided by the computer; and

15 a data converter for converting data received by the
digital stream receiver into data useable by the conputer
when provided to the conputer bus and/or for converting data
received by the conputer bus interface into digitally
streaned data for transmission by the digital stream

20 transmtter.

BRI EF DESCRI PTI ON OF DI AGRAMS

Figure 1 is a schematic representation of a preferred form
25 of a systemincluding a preferred enbodi nent of an interface
according to the present invention;

Figure 2 is a schematic representation of a preferred form
of the interface of Figure 1, configured to operate as a
30 stream generator,;

Figure 3 is a schematic representation of a preferred form
of inplenentation of the stream generator of Figure 2;

35 Figure 4 is a schematic representation of a preferred
enbodi mrent of the system including a nore preferred
enbodinent of the interface of present invention for



35 Figure 4 is a schematic representation of a preferred embodiment of the system including a more
preferred embodiment of the interface of present invention for - 7 providing digital television content data
to an external digital stream receiving device; Figure 5 (&) is-a schematic representation of another 5
preferred form of the output of the interface according to the present invention, which is configured as a

dual stream gengrafor fiig) eé(%]ii? QISC?%P%QH EreEseRBliean thg.quiput gf L the iygifacs of

Figure 5(a) with additional comporients to further split the stream into multiple streams; Figure 6 Is a
schematic repreHri@hdcH ofARRAR HIRE&HA M8rHSY AhSnterface of Figure 1, configured to receive a

15 digital stream and provide it to a computer; Figure 7 is a schematic representation of a preferred form
of the interface offgyra 6 epnfigyyed i@ opgrate aseaeiliedm FeGRIVeRP &1i9\WR 8 isfa sghenple
representatig}n of asg eferre %mbodim ntk/??i the si/stegn inglugiﬁ%a Eﬁ)re ?referred em%ﬁdiment of the
interface of the ppé ntifventioR foF Rcei % o?g'ﬁ di'teleiSio ml & Bk d?gﬁfé‘i"r SWsttSam
transmission devidtearid pERing N6 AtdoMputehiFtdure  i§ @ddheviid rapregefiiaéibn of hAdtHer
preferred embogjeest af the; system including a more preferred embodiment of the interface of the

present invention for 30 receiving digital signal from a source and providing it to a computer; Figure 10 is

a state diagram of a state machine of one embodiment of the interface of Figure 1;
Figure 5(b) is a schematic representation of the output of

10 the interface of Figure 5(a) with additional conponents to
further split the streaminto nultiple streans;

Figure 6 is a schematic representation of another preferred
form of an interface of Figure 1, configured to receive a
15 digital streamand provide it to a conputer;

Figure 7 is a schematic representation of a preferred form
of the interface of Figure 6 configured to operate as a
stream recei ver;
20
Figure 8 is a schematic representation of a preferred
enbodinent of the system including a nore preferred
enbodi nent of the interface of the present invention for
receiving digital television from an external digital TV
25 streamtransm ssion device and providing it to a conputer;

Figure 9 is a schematic representation of another preferred
enbodi nent of the system including a nore preferred
enbodi nent of the interface of the present invention for

30 receiving digital signal froma source and providing it to a
conput er;

Figure 10 is a state diagram of a state machine of one
enbodi nent of the interface of Figure 1;
35



35 Figure 11 is a software model for execution on a computer for controlling the computer to use the
interface of Figure 1; and 5 Figure 12 is a system model representing the stream flow associated with
the data and control signal generation of the transceiver.8.0-DETAILED DESCRIPTION OF
PREFERRED EMBODIMENTS Referring to Figure 1, there is shown a system 1 including a computer 2,
an interface unit d; gid an external devicg fw{{*s W, e Sisadlal slifam oo

transmitter/receiver.” The computer 2 is prefe a personal computer (PC). The PC 2 Is ggnflgured to
generate digital EORteRPRLA SlikdI fdrheat &9 Hérﬁft td theV'8ktehs deVice’d F58nQ int&H A &nit 4 or
to receive digitallcora@t transmitted from the external device 6 via 20 the interface unit 4. The interface
unit 4 communicates with the computer 2 by computer bus 8. The interface unit 4 also provides/receives
the digital ¢ nrgas a dlgﬁ%; stream to/fro the exta% al device 6 via digital jtzieam transgﬁolgt medium
10. The transpor i ma bgfo%% e%&nme Iti‘cobd 8§&8t f'lf? tpieS b wtab%
interface) wireles3S 8¢ ina¢@frovsiyhal ichble P&t RayostionaNn élend befden Qﬁ@ﬂh@tria@@ ulit 4 and
the external devig@ 6 tppupwde idPdrunction related control of the external device 6. This will be described
further below. The characteristics of the signal sent over the transport medium 10 nominally comprise a
digital signal consisting of 35 8 or 16-bits of data, clock and control signals at TTL or LVDS compatible

voltage levels. Alternatively data/ control packets may be carried b& adio frequency compatible with,
10 DETAI LED DESCRI PTI OF PREFERRED EMB

Referring to Figure 1, there is shown a system1 including a
computer 2, an interface unit 4, and an external device 6.
The ext er nal devi ce 6 is a digital stream

15 transmtter/receiver. The conputer 2 is preferably a
personal conputer (PC). The PC 2 is configured to generate
digital content in a suitable format to transmit to the
external device 6 via the interface unit 4 or to receive
digital content transmtted from the external device 6 via

20 the interface unit 4. The interface unit 4 communicates
with the conputer 2 by conputer bus 8. The interface unit 4
al so provides/receives the digital content as a digital
stream to/from the external device 6 via digital stream
transport nedium 10. The transport nedium 10 may be for

25 exanple nmulti-cord cable, ribbon cable, (with suitable
interface) wireless, etc.

A control signal cable 23 may optionally extend between the
interface unit 4 and the external device 6 to provide

30 function related control of the external device 6. Thi s
wi |l be described further bel ow

The characteristics of the signal sent over the transport
medi um 10 nom nally conprise a digital signal consisting of
35 8 or 16-bits of data, clock and control signals at TTL or
LVDS conpati ble voltage |levels. Alternatively data/ control
packets may be carried by radio frequency conpatible wth,



Bluetooth, Wi-Fi (IEEE 802.11 b/a/g) or immerging UWB wireless standard or other standard protocols.
Referring to Figure 2, in this system the interface unit 4 5 operates as a stream generator (streamer), and
the external device 6 operates as a receiver. The PC 2 isgonfigured to transmit digital content and
control signals in a suitable format (for example, format 32 in Figure 12) to the stream generator 4 via

the computer bug3, g sHiRam ggneeator 4, g@engane sliaigy syiggm 2 cntial SAP g

appropriate format (for example, format 33'in Figure 12£ to the receiver 6 via transpor
Referring to Figuft BelHSSred ALAEFOF 4 HdiedesSh BOLA 1iREPAQE 5 Sa microprocessor 14, a First
In First Out (FIFO) buffer 16, a Programmable Logic Device (PLD) 18, and an Input/Output (I/O) port 20.

The bus interfacgd? einigragts vythithg e Pys 8 itgseri andfrgesd aando| ad (dada signaisiacgording
to the protoqéol of the PC bus 8. The mlcroprocesso(g 14 is, configured {o conthol Ibe bus mterfaqe 12,
sf

2
configure tha FIFY BLAES D6, Frodtait the1 I T8ELAY LootdihafetHE data #3HsEM o theHIR
interface 12 to FIE®iiAfep 16 PBARL Ehoaaly s@ndiorithe PENSUSREIN bust etdtfd. Jwead FDbuffer

16 controls the flowpfgiata 29 tignstarred saiveeie tsrspesnedumsiQhustoring datassemtamies the

computer bus 8 eleasing thi to I og.20, Th 8 implemen e digit ream
protocol requirec? %’3 ﬁiéa{eXZ%%I gg\%ﬁ? La?r’l sﬁ%hé%rﬁsr%zfo rtﬁe%ﬁ@%% th%Oq;%rt@ég It%ﬂl}? éﬁsﬁo
interact with the 96 BRIRHANdVicd 8 byDnEBMBIghESs Uit ofer thEN@btd D82MNANSFYPS0 tonverts

the TTL sidrtal frgmrtbe PLh&8 indd g&tn alectrichlt toan thanid conmatiptd wit_l$ t@mglsspdrh medigm 10
and external devige 6. 3% Tag ELPG}gis Preg@imugd pperate AGFardings® insirygtignFe 12) to

the receiver 6 via transport nmedi um 10.

Referring to Figure 3, the stream generator 4 includes a bus
15 interface 12, a mcroprocessor 14, a First In First CQut
(FIFO buffer 16, a Progranmmble Logic Device (PLD) 18, and
an Input/Qutput (I/O port 20. The bus interface 12
interacts with the PC bus 8 to send and receive control and
data signals according to the protocol of the PC bus 8. The
20 mcroprocessor 14 is configured to control the bus interface
12, configure the FIFO buffer 16, program the PLD 18, and
coordinate the data transfer from the bus interface 12 to
FIFO buffer 16. Data is normally sent fromthe PC bus 8 in
burst node. The FIFO buffer 16 controls the flow of data
25 transferred over the transport nedium 10 by storing data
sent over the conputer bus 8 and by releasing this data to
the I/O port 20. The PLD 18 inplenents the digital stream
protocol required by the external device 6 in synchronismto
the data on the I/O port 20. It may also interact with the
30 external device 6 by control signals sent over the cable 23.
The 1/O Port 20 converts the TTL signal fromthe PLD 18 into
an electrical form that is conpatible with the transport
medi um 10 and external device 6.

35 The PLD 18 is programmed operate according to instructions
stored on non-volatile nmenory by the mcroprocessor 14. The
nm cr opr ocessor 14 may be configured to change the



stored on non-volatile memory by the microprocessor 14. The microprocessor 14 may be configured to
change the - 10 instructions upon direction by the PC 2. This is useful when the PLD 18 is programmed
to provide digitally streamed data in one format and it is gesired to send it in another format. The PLD 18
may be reprogrammed to provide the 5 streamed data in the new format or according to a different

standard. Referringdp Fu%‘frieo”né” Hh‘tif'o%mtb‘?CP@@P FHIg SHfaff‘hge”I?@t%f IS COﬂffE% e §° gl a
MPEG2 Transport Stream C bus 8 is a Universal Serjal Bus (USB A Cypress

CY7C68013 mlcm%ﬂtrﬁhﬁ é LEed & pSfdhPHR BBt bGs Pfté’rYé&elij'lﬂch rb¥e§o’i 93"BfFo
buffer 16 and Pldat8. Hereothe bugrinetfaeed?2iis a iserialésterfade tengirenfdbr IUSB. Thanot her

microprocessor kdoysr%pypresq-@@hqﬁ]_cgd i In§%§05geCP,Lé Tr@gFlgrquHffe{ 46 ﬁrq,w@eslatvﬁéleO
buffer. The PLD f is in th form of a st tE machiné, called a General Pﬁépose Interfa e#}ﬁPl?{ﬁ
& control

Cypress. It gcts 5 r%gg %%?e FIFO DGl Q'% 7068 AFEP Bﬂeljsa %

outputs, 6 contro$ frpEafd 9 address 20 lines. It has up to seven programmable states. The operation
of the GPIF 18 is controlled by programming stored on the non-volatile memory. To generate a MPEG2

Transport Streanhg]x QVIB rTQ?nd%d %_5 %rragel fgrma rliWO %t%flogﬁgghh%b pals /8 regw da_t%

addition to the actual streamed data. A acketS hc signal'is asser eginning of every

packet. A Data \BRESiGHAis a8s6REd Mh%ﬁeb@tpﬂﬁ%ﬁfﬁlﬁs CIS 2 Eél%”sﬁ%éé Wb rsﬁjﬁﬁls are
generated by a 30T®Mpurepregranu svhihi rsing oty 8Cs2 THeecoraputBu proquaB) ishune. of the

software moduleg?5, iR EIUERFEE8H13 i crocontroller is used to perform the
role of bus interface 12, m croprocessor 14, FIFO buffer 16
and PLD 18. Here the bus interface 12 is a serial interface
engine for USB. The mcroprocessor 14 is a Cypress enhanced
15 Intel 8051 CPU. The FIFO buffer 16 is a pure slave FIFO
buffer. The PLD 18 is in the formof a state nachine, called
a Ceneral Purpose Interface (GPIF) by Cypress. It acts as a
master of the FIFO buffer 16. The CY7C68013 GPIF offers a
maxi mum of 6 control outputs, 6 control inputs and 9 address
20 lines. It has wup to seven programmable states. The
operation of the GPIF 18 is controlled by programm ng stored

on the non-vol atile nenory.

To generate a ME®R Transport Stream in DVB Standard
25 Parallel format, two data flow control signals are required

in addition to the actual streaned data. A Packet Sync
signal is asserted at the beginning of every TS packet. A
Data Valid signal is asserted when the output contains

useful TS data. These two signals are generated by a

30 conputer program which runs on the PC 2. The conputer
program is one of the software nodules 25 in Figure 11 and
i s described further bel ow.

The 1/0 port 20 conprises a TTL to LVDS vol tage converter.
35 The output format <conforns to a DVB Standard Parall el
Interface, which consists of 8 data lines, tw data flow
control signal lines (which carry the Packet Sync. and Data



is described further below. The 1/0 port 20 comprises a TTL to LVDS voltage converter. 35 The output
format conforms to a DVB Standard Parallel Interface, which consists of 8 data lines, two data flow
control signal lines (which carry the Packet Sync. and Data --11 Valid signals), and a clock signal line.
The GPIF is programmed to generate the clock signal and the control signals from the data received

from the PC 2. Tg Ragket; é gnal assarteg@é tgk?}’é‘i’ of EVRE 5 Trapﬁ?ort(ﬁrearq ds)

packet, and the Data Valid si nal |s use to indicate w ent e OU£U'[ contains useful data These two

control signals af¥ PRI RN olRal §8RSHAE dhfifse™ BGKe st gerStorid'By tH@BE 9! One bit
10 representing Backealyn€ malivbé bet toddgical eneionattie ffirsnbytdef RE@N2TS pddiet, Rackaiother

bit representing Biakg Validiwgjihhe sef to logicabppedor %‘\{erypﬁgful ]da];astRefgémg to grigure\ie. yhe
computer pr graﬁn 25 exec tm on 15 P g)rs use% t% n%efﬂtheg%ijeam $j30 anq}ggnerates the
two control Signa d 5ELLAt rﬁ& thQ S %% ne atSt & 16%it
format. The eveH$§tbd &el uyéldcféli FSvhiket b@taoaﬁcpwie SN byted Sird sefed fofl @iedecontrol signals.
These will be reflected in 20 the signals 32 sent on the computer bus 8 to the steam generator 4. The

GPIF 18 is confi 6- tp ic | it dat T ta. (lin to 7)
and 25 control S?ILHEI%%AZI\S%S ggﬁ&hg re%gﬁ% %Y té%&% aér)ae é?uz‘egj n% gsr%q%n t#e %
interface 12 and @& PLSQ aréolnfftlaﬁ’ze%ittb‘%ﬁi@rﬁér}?f@ @quﬁed’%oﬂ@%r%@egmer @Sp@aﬁlon
This include8 ther dpBdfsinationadityP&detcosyrnt will be set to logical one on the
first byte of every TS packet, and another bit representing
Data Valid wll be set to |ogical one for every useful data.

Referring to Figure 12, the conputer program 25 executing on
15 PC 2 is used to preprocess the stream data 30 and generates
the two control signals to be sent along with the TS packet

data 30 to the stream generator 4 in a 16 bit format. The
even bytes are used for TS packet data and the odd bytes are
used for the control signals. These will be reflected in

20 the signals 32 sent on the conmputer bus 8 to the steam
generator 4.

The GPIF 18 is configured as a 16-bit output port which
divides the 16 bit data 33 into TS data (lines 0 to 7) and

25 control signals (lines 8 & 9). The remaining bits (10 to
15) are unused.

In operation the bus interface 12 and the PLD 18 are
initialized to operate in the required node for streaner
30 operation. This includes the USB functionality, GPIF control
nodes and GPIF port functionality to transport data, and
generate data flow control signals and the clock signal.

Referring to Figure 10, the GPIF functions as a state

35 machine having three types of states, nanely: non-decision
poi nt, decision point and idle state. The GPIF allows a
maxi mum of 6 non-idle states to be defined.



modes and GPIF port functionality to transport data, and generate data flow control signals and the clock
signal. Referring to Figure 10, the GPIF functions as a state 35 machine having three types of states,
namely: non-decision point, decision point and idle state.1Phe-GPIF allows a maximum of 6 non-idle
states to be defined. - 12 The GPIF 18 contains several programmable control output pins. Each state
determines the logic level of these output pins, the time delay, and also decides on whether to drive 5 the
data or whether to advance the FIFO buffer 16 pointer to fetch the next data. These operations are

specified in each! 8€ite @efitidr? dQFI BPIFS Y & HogrBFMERIRER g TP BliovAld Bt¥ps. 10
The time delay fori eech ERFhstatesisalet@hened based be theogaaspoevsttearh datzersee. depGPIF 18

receives an inp%ic}%c,k s{g{@l of ?lj,%l\zﬂ()ldg|fp5)ymlg %‘HH:;]@@@II generaly g}qt Wm,)eﬂ' hyg,:[ fae iip{@rent
accuracy is pne input clock perio ns). r the impleme n of the streamer,. at least two non-
Gecision pot Sth8 aHBUSaT QLT UEL it RGHAUE BUbTIR g bl tkcoegl F B cf the
data stream. 20 F&lcdf thé etat@x hredaed) to UoRse| LiRallGdd ampurre Geaidrisadtiomiseagirded as
reading or writingspa¢ ®ytRef(phone wierd dithe GPIF is configured with a 16-bit port). A transaction starts

in State 1. The first half of the four clock output control states (States 1 and 2) will set the 25 clock output
pin to be logic low. The other half of the four clock output control states (States 3 and 4) set the clock

output to logic higReTH& statelBatfin® VA FEHTERIN 25&es difoon frput BRCck el tiew WlerdltRSa quarter
of 10 The tinme delay for each GPIF state is determ ned based on

the transport stream data rate. The GPIF 18 receives an
i nput clock signal of 48MHz from a clock signal generator
(not shown). Thus, the inherent accuracy is one input clock
period (20.8ns).
15

For the inplementation of the streaner, at |east two non-
decision point states are used. One of the GPIF control
output pins is used as the output clock for the data stream

20 Four of the states are used to control the clock output. A
GPIF transaction is regarded as reading or witing one byte
(or one word if the GPIF is configured with a 16-bit port).
A transaction starts in State 1. The first half of the four
cl ock output control states (States 1 and 2) wll set the
25 clock output pin to be logic |ow The other half of the
four clock output control states (States 3 and 4) set the
clock output to logic high. The state machine will remain in
State 1 for n input clock cycles, where n is a quarter of
the nunmber of 20.8ns cycles required for one output clock

30 cycle. The state machine will then nove to State 2, where
it wll remain for another n input clock cycles. The state
machine will then nove to State 3, where the clock output
pin is set to |logical one. The state nmachine remains in

this state for a further n input clock cycles and then noves
35 to State 4, where it remains for n-2 input clock cycles and
then noves to State 5. In State 5 the next data is fetched
from the FIFO buffer 16 by advancing the buffer pointer.



the number of 20.8ns cycles required for one output clock 30 cycle. The state machine will then move to

State 2, where it will remain for another n input clock cycles. The state machine will then move to State

3, where the clock output pin is set to logical one. The stege machine remains in this state for a further n
input clock cycles and then moves 35 to State 4, where it remains for n-2 input clock cycles and then

moves to State Srjjp §t4]!astsf§el next dagayis fSWQeF’nEB'E“ BPde é!eusgéffeé e ?‘QV%[‘%I& g %H‘Tfer

pointer. - 13 This stat or one input clock %Cle and is a point, which is programmed to

unconditionally bPRAH to thE! fdkt sBu® SAILET8 e B i3 SARTHHUAIGK é’yc‘fl&r NEtdi8 td BRd one
transaction. Aftementerirsd titecidle & state, Btate &tthé erafsaiciorawithseart alponer abaiokif thereéds data

available. The GPHi willypapigoritge EHeO siéet +assmty flag. If thgreds nertadai thg tianesfer gk be
halted. This i s 10 ié‘levedr? the |crocﬁont oller m% mentlng trapsaction gounter The transa%ctlon

count is initi Ilsea emg 80 E&Tntvﬁ n By 3h fg}l & %o
transaction. If thd bétiet Eeaii:ihbé z@V@tHea@ta&e machine remains in the idle state. As more data is 15
received from the PC 2 the transaction counter is re- initialised to the high number and the transfer is

resumed. Referr (o] EQJJFeJ@b an t%lﬁ e gl_%et\r/‘lg?lg L;{J%%sr usﬁ rr"?\ﬁg/&ddqtﬁé)getwq@ the

computer program 5an stream generat I‘OU oes not need to

have any knowletB&rd? thieSstrB8m F&rhdat. If jB8t Fréﬁt@sirﬁ/r daYH b4 a B6te RabhRd AnotHaH divés2s is
responsiblé @or handlirevtbe PEybuheommenmation podtoeol, whptremethis caseas WHEBnsact i on

count er. The transaction count is initialised to a high
nunber and configured to count down by one for each
conpl eted transaction. If the counter reaches zero the

state machine remains in the idle state. As nore data is
15 received from the PC 2 the transaction counter is re-
initialised to the high nunber and the transfer is resuned.

Referring to Figure 11, on the PC side, a device driver 27
is used to nove data between the conputer program 25 and the
20 stream generator 4 through the USB 8. The driver does not
need to have any know edge of the stream format. It just
treats any data as a byte stream Another driver 28 is
responsi bl e for handling the PC bus conmunication protocol,
which in this case is USB.
25
Referring to Figure 5(a), in this enbodi ment the output port
operates as a dual output port, which includes a bi-phase
clock generator 40 and two latch buffers 42 and 43 or
instead of the buffers, a de-nultiplexer. The rest of the
30 systemis simlar to that in Figure 4. The stream out put
from the GPIF 18, consists of two data streanms, which are
multiplexed in byte intervals. The output clock runs at
twice the speed of the stream clock. The output clock is
used by the Bi-phase Cock Cenerator 40 to generate a Bi-
35 phase Cdock signal. The Bi-phase signal is used to select
one of two output buffers 42 or 43 or to select the data to
be separated by the de-multiplexer. Each output stream



25 Referring to Figure 5(a), in this embodiment the output port operates as a dual output port, which
includes a bi-phase clock generator 40 and two latch buffers 42 and 43 or instead of the buffers, a
de-multiplexer. The rest of the 30 system is similar to-that in Eigure 4. The stream output from the GPIF
18, consists of two data streams, which are multiplexed in byte intervals. The output clock runs at twice

the speed of the gfrpa_m leﬁrl%q The PHtPUL c_Io&:E is &lseggt,)y thfr Bi-phase géq%ggp‘@%géréito generate

a Bi 35 phase Clock signal. The Bi-phase s[‘:%}llal is used to select gne of two output 2or43orto
select the data td "RSEPrhed ByPheeRAnihithit A" ERCR buf'st88m 914 (from the buffers 42 & 43,

or the de-multiplexer) is transmitted to separate transport mediums 10. Using the same method, it is
possible to add vikyally anie5 SHMDerRPHRIPULSt Fersexanye dpaddpngRAdiional auipyt Ang
streams are ulteﬁfxed into ctne usw tFe sameﬁ method de crlbeckabova,]qand a thlrddat{ am is then
multiplexed With nBl%Woug es §l§ rBam. T 8rde§_6ﬁ aefur_t & gt uIthTg_xin% t b&g IS
shown in Figure OW H), . THEOWS 61@BIBStRF @ISt RhexX 8té dath® sRegmIng) rage. t RBws @& if one
of the streams isigewerdthag diepinesd isfessdle togidif dammyacketsdn theyplowes streamaio 15
maintain the stre te., The multiplexing, process. js then ' ard. ample, first byte of
the multiplexed ﬁmeﬁn%li é%gta%tqi%sﬁy%c;gf\) sﬁrée%%m 'i%%l%we{z{ on%l 'E%e'%gf tﬁg %uﬁ%&é&d

stream will contaftf tRe E&titkd1 BytedSr ST dnh BheXindGhRY bt wilohntdis 28 MR&Arst Byfd St@am
two, the fotd byts (Wil contain

The two output streanms nust have the sane streaming rate.
However, if one of the streanms is slower than the other it
is possible to stuff dummy packets in the slower streamto
15 nmaintain the streamrate. The nmultiplexing process is then
straight forward. For exanple, the first byte of the

mul ti plexed stream will contain the first byte of stream
one, the second byte of the nultiplexed streamw |l contain
the control byte of stream one, the third byte will contain
20 the first byte of stream two, the forth byte will contain
the control byte of stream two, the fifth byte will be the

second byte of stream one, and so forth.

Referring to Figure 6, in this system the interface unit 4
25 operates as a stream receiver, and the external device 6

operates as a transmtter. The interface 4 receives the
digital stream via one or nore transport mnmediunms 10 and
provides it to the PC 2. Cable 23 carries additional
control signals to the external device 6. These control

30 signals relate to the control of the operation of the
external device and not the control of the data flow

Referring to Figure 7, the stream receiver 4 includes a bus
interface 12, a mcroprocessor 14, a FIFO buffer 16, a
35 Progranmabl e Logic Device (PLD) 18, and an 1/0O port 20. The
roles of these nodules are simlar to those in the stream



the control byte of stream two, the fifth byte will be the second byte of stream one, and so forth. Referring
to Figure 6, in this system, the interface unit 4 25 operates as a stream receiver, and the external device
6 operates as a transmitter. The interface 4 receives the 1djgital stream via one or more transport
mediums 10 and provides it to the PC 2. Cable 23 carries additional control signals to the external

device 6. These %%Wé‘?'a?too?'gn%lﬁ relgfegmige @ntroé%%opqrﬂtéqn o{ the eﬁtgfréal qu’éFﬁsﬁ"Bjr not the

control of the data flow. Referring to Figdre 7, the 'stream receiver 4 includes a bus interface 12, a
microprocessor T4, EIFPButrer 104 §5 ‘?‘Fbér@‘?mﬁébl%rﬂ@lc BRYIceqr? D) At BRd RN Ifo port 20. The

roles of these modules are similar to those in the stream - 15 generator of Figure 3, except that the data

transfer directiorngis; W ,fr,Q@ thegextengl devicg 6 tojthe RG2s Refgrfipg ,t(prg;,gureﬁhg\ thig eelediment
the stream p receiver is configured to, receive (g MPEG2 Transport @g@n T-jr' 6\%?6?8 s 8ls a USB bus.
1

A Cypress 768073V HicrbortVibt BU<ed tbct & e fusin ocg‘égo‘?ﬁ'll‘ and
FIFO 16. Here thBsus iffferfabdd a2 i$ a $&rial nteltde ERgide (SIE)Aor I3B! RS mlé%ﬁf&%@,%@r 10 14

is a Cypress enhﬂn@e@wﬂtwﬁﬂ ePUj Ehezadle 23 oparatesigs a Reriabbys, namely agan 1@ bus.

The microproces é@ngg Eés?AE ]f4har‘1ﬂ{(a ttll_q Hé é:OI’T"_rEPI%I i awoqg thﬁfﬁu?nerlér ff@%)uﬁer

16isapure 15s ave he eéxternal stream ransmltter tal hetuner 6

may be receiving® fore Ek@npleN DRJifa Satdmtei e dighd) TdrRistridPBy orNBigtaFEaBIOPESHX digital
stream form@t cobdorms to VBy Stasskirddrdraliel doterfaves Whiglo santadftparditet databl e 23

operates as a serial bus, nanely as an |1 C bus.

The mcroprocessor 14 and the SIE 12 handle the USB
communi cation with the PC 2. The FIFO buffer 16 is a pure
15 slave FIFO buffer. The external stream transmtter 6 is a
digital TV tuner. The tuner 6 nmay be receiving, for
exanple, Digital Satellite TV, D gital Terrestrial TV or
Digital Cable TV. The digital stream format conforns to DVB
Standard Parallel Interface, which contains parallel data
20 synchronized to a tuner generated clock signal. Because the
output signal of the tuner is in TIL form it can be
connected directly to the input pins of the mcrocontroller.
Thus the 1/0 port 20 (not shown in this figure) nerely
passes the signals therethrough or is bypassed entirely.
25 The data is transferred directly to the FIFO buffer 16 using

timng signals provided by the tuner clock signal. If the
stream produced by the tuner 6 is a MPEQR TS, the Packet
Sync. and Data Valid control inputs are not used.

Therefore, the PLD 18 is also omtted or not used/by-passed.
30
In operation the mcroprocessor 14 wll first initialize the
bus interface 12 and FIFO buffer 16. It also configures the
I/O port 20 and PLD 18 to be inactivel/ by-passed. The Packet
Sync and Data Valid control signals are sinply discarded.
35 The stream data will be put into the FIFO buffer 16 first
and will be transferred to the PC 2 via USB 8 when the PC 2
sends a request for data. To achieve a high bit rate, the



20 synchronized to a tuner generated clock signal. Because the output signal of the tuner is in TTL form
it can be connected directly to the input pins of the microcontroller. Thus the I/O port 20 (not shown in
this figure) merely passes the signals therethrough or is bgpassed entirely. 25 The data is transferred
directly to the FIFO buffer 16 using timing signals provided by the tuner clock signal. If the stream

produced by the pyreh 6,3 AMPEGE T?sth‘é&’rﬁquh @@C-ta%“ddgﬁ;as\éa"? fentA! S gEeBakysed.

Therefore, the PLD 18 is also omitted or not used/by-passed. 30 1n operation the microprocessor 14 will
first initialize the 5 iAtdrBick! 22 4R BitAHurdt 1B, Pafso@onfigures the 1/0 port 20 and PLD 18 to be

inactive/by-passed. The Packet Sync and Data Valid control signals are simply discarded. 35 The stream

dat%Wi” be puttir@ﬁ ;@?5'_’?@:%;?%}6 ﬂfﬁ% W”H@/‘ir@%ﬁgﬁﬁgﬁ %‘%ﬁ@ _%‘Qé%sf%%vﬁgrb% Flﬁ 2
sends a reguest for data. To achieye a hi if rate, the - uffer 16 is configured to bypass the
microprocessor Ea%ﬁ %I'ir\és{ly ﬁerak% vﬁﬂ%glé 5. gﬁ_?he oS, 8%%ﬂfe°8e3i8e W&L%réegged for
Stream 5 Recei¢@H8theGHdsT0r tHeoSpeain @8fkerafiradb e o8B ebmmunication protocol and
interface control. In Figure 9 the digital stream source 6 is a Signal Conditioner and Digital Stream

Generator (SC SG); The SC 10 G o tesle Si fram either an gnal ource
or a digital sourflel%an?ég]ptf?egthé regétﬁt%ng @I?lg(ﬁ;l] %}srfreaér]nt(;?og %?2 t%]r(?s{%oé%mgiiuﬁnsio.%fhego%éﬁgl stream

is received by tHeARtirfac@n it AREnAING! thaHsnsisiBAMERIRRh 200 Us(ngGhé ik streahil & opltaining
data and 1b@ass&ia@8Gloskdigral §xbeideddysthesexjaalad defviamn eit her an anal ogue

source or a digital source and applies the resulting digital
stream to the transport nedium 10. The digital streamis
received by the interface unit 4 from the transm ssion
medium 10. Using the input stream containing data and
15 associated clock signal (provided by the external device),
the stream receiver 4 processes the data in simlar manner
to the description above for Figure 8 The GPIF 18 is
programmed to inplenent the stream protocol to handle
ext er nal handshaki ng signal s to synchroni ze t he
20 comunication with the external device 4. The 1/0 port 20
is used to convert the output electrical signal |evels of
the external digital source 6 to the logic |evel required by
the PLD 18. The Serial Bus 23 can be any serial bus standard
(e.g. 11C. Again is provides operational control signals
25 to the external device 6.

Referring to Figure 11, the PC 2 operates under an operating
system 24. Several software nodules 25, 26 and 27 are used
by the PC 2 operating system 24 to process the MER

30 Transport Stream (TS), display videos, and/or play audios.
Sui tabl e operating systens include Mcrosoft’s Wndows 2000
or Wndows XP as well as various fornms of Linux. In
particular one of the nodules 25 operates are the conputer
program for generating data flow control signals that

35 acconpany the content data over the transport nmediumto the
di gital device 4.



the stream receiver 4 processes the data in similar manner to the description above for Figure 8. The
GPIF 18 is programmed to implement the stream protocol to handle external handshaking signals to
synchronize the 20 communication with the external devitg 4- The 1/O port 20 is used to convert the

output electrical signal levels of the external digital source 6 to the logic level required by the PLD 18.

The Serial Bus 23;can feang sefial §f5@rﬂd%’ \QS? B ”%cﬁ%'sapf%ﬂ%%f’e‘?raﬂ%a' &PPU@#S'Q”a'S
25 to the external device 6. Referri ng gaére 11,the PC 20 erates undera eratlgq system 2
a

Several software2RodUI8& 25 FHRhE 2 7 %%egrb))' #le PEY opRFdtyf systehire4 to f’m@%&he
MPEG2 30 Transpet 8ppanp(TliS)t didplayevidéosmandiorigay aadiod e [Brit@blegopdraticg spstears
include Microsofiys Wigd@us 4000 or Windows XP as well as various forms of Linux. In particular one of
the modules_25 operates are the computer program for generating data flow control signals that 35
accompany the content data over the transport medium to the digital device 4. - 17 The operating
system 24 will induder @pbinpater bisLarivén 28! faearhfidla USIS driver, PCEUHUEd IEEE 180& etc.,

the appropriated @ercftwhigh &/dsechflemensting ihescwppu@d s B Ushe. Séf Gmfécaiﬁtﬁﬂré@terface
(GU 26 is includggl e, 9pRIBUR SYPIFE" 24 06 1% SPRIIEH Wilh HSSQwaTi Tpdes (75 gd 27 to

provide a convenient method of interaction of a user w are modu es roI
operation 10 of thé fHterfdddurit® a®id ¥&Hitfol ﬂ’%jpte?tozéro@lae GRBliGtal E@t‘ﬁeﬁtﬁ%rtﬁé 'e&fbrnal

device 6 viaOnterfdcet he interface unit 4 and to control the PC 2 to provide
the digital content to the external device 6 via interface
unit 4 or use the digital content provided by the external
device 6 via interface unit 4.

15 An MPE&R Transport Stream (TS) consists of a stream of
packets 30. The TS packet has a constant size of 188 bytes.
Each packet has a packet identifier (PID). There are several

di fferent types of packets, e.g. Program Specific
Information (PSI) packet, Elenmentary Stream Packet, Network
20 Information Packet, etc. A Transport Stream will normally

consist of multiple TV progranms. PSI packets are used to
describe the contents the stream PSI is actually a two
level table. PID O is reserved for one type of PSI packet
call ed Program Associ ation Table (PAT). This table gives the
25 PIDs of yet another PSI packet called Program Map Table
(PMTI). Each PMI corresponds to one program It contains the
PIDs for the video, audio and/or other data stream packets.
Based on these tables, a conputer program (one of the
nmodul es 25) can pick the right packets for display video
30 and/or playing audio.

One or nore software nodules 25 are used to handl e various
the protocols defined in Digital Television (DTV) Standards
(DVB-T, DVB-C, DVB-S, ATSC, etc.) These software nodul es
35 may be developed using the Mcrosoft DirectX Software
Devel opnent Kit (SDK) 9.0. Specifically, Mcrosoft TV
Technol ogy in Direct Show (part of Direct X SDK) is used. The



unit 4 or use the digital content provided by the external device 6 via interface unit 4. 15 An MPEG2
Transport Stream (TS) consists of a stream of packets 30. The TS packet has a constant size of 188
bytes. Each packet has a packet identifier (PID). There ar@ several different types of packets, e.g.
Program Specific Information (PSI) packet, Elementary Stream Packet, Network 20 Information Packet,

etc. A Transport @l”@F‘BEWi”tUWPH%J%@”%BROUHH'HH&TV PLOYLREF R %acﬂ‘FbﬁﬁrﬁAL@PEiéquescribe

the contents the stream. PSl is actuagra two level table. PID O is reserved for one I%/pe of PSI packet

called Program AL0RRiBh 1ibe (P SHISEMNE NV iHEess PRRUW SRt at¥ithe P Sidfhck&kSiled
Program Map Tablee (BMIEr Excin@NDIT oSt spatedstot arsensiogramt [ttcontdires theePIDs for the video,
audio and/or other data stream packets. Based on these tables, a computer program (one of the

modules 25) can pick the rjght packets for display video, 30 and/or playing audip. One or mare software
odilos 250re (A1) Bl S AREES TR a2helotn YR T ok Ao Ty Erah HFs
(DVB-T, DVB-C,®RyB.&E AYEE, dtbg TR Seftwafé WRiduléd 35 g be efel/eped asityltee MR rosoft
DfirectX Softwa;a‘ ﬁﬂvélmﬂﬂ%m K4 SRK) S0 cTpashieally dviissasad B Fﬁ?cheal.ogereDir@@ﬁw (part
of DirectX SDK) | Thes 1 [ t DifgctX cu [s ayai icroso
Corporation. Dire@rti%h?o%v prg\zde% (pn{lo%i%% whﬁiﬁécaﬁlﬂnﬁa{g tr?;gﬁr%eera@//inggg%%aﬁcﬁtr:ﬁsh&arent to

the user. 5 One M thE LBRAFE M Rfulel P58 IBed faecoMPBl theli@ertevies Y fhe! d&ice Wker 27.
The softwaré modhke isempéménted 23 at RirexdGhowicomEatie Riltehdhe wenime driwarcly forwards

the tuner related SOqUPanf|sfiotf device 6. The tuner device 6 accepts control
data via serial bus 23. A firmmare program 29 running on
m crocontroller will pass the commands to tuner device via
t he serial bus port 23.

15
One of the software nodules 25 is used to capture the data
stream received by the device driver 27. The core of this
nodule is inplenented in plain C++ with a wap filter used
to make it Direct Show conpati bl e.

20

Anot her of the software nodules 25 is used to extract PSI
packets from the Transport Stream A suitable software
nmodule is Mcrosoft’s BDA Network Information Filter.

25 Yet another of the software nodules 25 is used to sel ect one
or nore prograns (audio, visual, or data strean) out of the
Transport Stream The core of this nodule nmay be inplenented
in plain C++ with a wap filter used witten to nmake it
Di rect Show conpati bl e.

30
One (or nore) software nodule(s) 25 is (are) used to decode
the stream (audio, visual, or data stream for rendering.
The video decoder can be any DirectShow conpatible MPERXR
decoder. A suitable Decoder is a DirectShow conpatible

35 filter based on an open source project |ibnpeg2.



microcontroller through the USB. The microcontroller uses 10 the serial bus 23 to communicate with the
turner device or other digital device 6. The tuner device 6 accepts control data via serial bus 23. A
firmware program 29 running on microcontroller will pasg $he-commands to tuner device via the serial
bus port 23. 15 One of the software modules 25 is used to capture the data stream received by the

device driver 27. 6{@ core efhis spedille is nﬂgame&edjg pl%&r*as ct)[l)—g R filer uia%ttgrrgake it

DirectShow compatible. 20 Another of the softw are modules 25 is used to extract PSI packets from the
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wrap filter used writt r‘lto m lTe it Direct Sho compatlble 30 One (or mo r?;m war ) 25 is
éb%‘i éo é

(are) used to de e s ea auﬁll% vistF l, &Iaﬁa stf a r}gr Bhadi efcan be
any DirectShow §brépdfilfleiINMPEG2 WeB6@W. ATiiGibicSDachI@ve IbNeétsﬁ@Wf dc@‘hlﬂiatﬂﬂe td8filter
based on an openspyseeprajegtiipmpeg2. - 19 One of the software modules 25 enables picture in
picture facilities on the PC 2 to display multiple videos (in small windows) while tuned to a channel. A

suitable module is Microsoft's Video Mixing Renderer filter. The software 5 module allows the selection of
one program by ERdkfg #of tware 31 may be installed on the PC 2 to interact

10 wth the GU 26, the digital data 30 or interface unit via
driver 27.

A person skilled in the art will realise that the use of a
software programmable logic device (PLD) in the present

15 invention allows the inplementation of a plurality of
conmuni cation protocols and device handshaki ng which can be
reprogramed to inplement various conmuni cati on protocols or
handshaki ng between the interface unit 4 and the external
devi ce 6. Thi s provi des a generic way of

20 transmtting/receiving data streamto/froma PC. Because it
is software programmuabl e, the user can change the
conmuni cati on protocol from the PC wi thout there being any
changes to the interface unit.

25 The skilled addressee will realise that nodifications and
variations may be made to the present invention wthout
departing from the basic invention concept. Such a

nodi fication may be to inplenment a nore conpl ex handshaki ng

interface (e.g. IDE), in this case other PLD or progranmmabl e
30 logic device (CPLD) or Field Programmable Gate Arrays

(FPGA), chips can be used to replace the GPIF. These chips

are available from the followng IC manufactures, Atnel's

(AT40K and AT40KAL Series), Altera, X linx (Spartan-3 FPGAs

Vertex |1 Famly devices) or Lattice (ispXPGA Famly of
35 FPQGAs).



picture in the window. This is achieved by reconfiguring the renderer filter. Other software 31 may be
installed on the PC 2 to interact 10 with the GUI 26, the digital data 30 or interface unit via driver 27. A
person skilled in the art will realise that the use of a soft@gre-programmable logic device (PLD) in the
present 15 invention allows the implementation of a plurality of communication protocols and device

handshaking whigh o e (PRIRGT2LUCC QTSR VaiioUs GOMTUBIERUARVBIREOS B 1 e

handshaking between the interface unit 4 and the external devijce 6. This provides a generic war}%‘;)f 20
n

transmitting/rece’/ftd 53 SALIS tS1BREa PE etk ® [@LdrWAkPrBgldMmabRP e lisd

change the comprudeationiprg@cdl oom thé®Oaithiow thérevideind asy allatigbs talgieantariaed unit.
25 The skilled addrgsgeenwillireplizfoingg mpsifications @ﬁdaﬁ@riegﬁfg@rm@)ﬂ bg|maagkg to the present
invention without departing from the basic invention concept. Such a modification may be to implement a
more complex handshaking interface (e.g. IDE), in this case other PLD or programmable 30 logic device
(CPLD) or Field Programmable Gate Arrays (FPGA), chips can be used to replace the GPIF. These
chips are available from the following IC manufactures, Atmel's (AT40K and AT40KAL Series), Altera,
Xilinx (Spartan-3 FPGAs Vertex Il Family devices) or Lattice (ispXPGA Family of 35 FPGAS). - 20
Modifications and variations as would be obvious to the skilled address are intended to fall within the
scope of the present invention, the nature of which should be determined from the foregoing description
and appended claims.



- 21 CLAIMS 1. An interface for interfacing a digital device (unit) for transmitting and/or receiving a digital
stream to a 5 computer, the interface comprising: a digital stream transmitter/receiver for transmitting
digitally streamed content and/or receiving digitally streggmed-content to/from the digital device; 10 a
computer bus interface for receiving/providing data to/from a computer bus of a computer for use by the
computer and/or gs grgydded by the computer; and a data converter for converting data received by the
digital stream receivermto data useable by the 15 computer when provided to the computer bus and/or
for converting data received by the computer bus interface into digitally streamed data for transmission
by the digital stréam trasmitter €20 acAn interfac@taecdr@ingig chindilgivhateindbeidigital stream

transmitter/receiver (trapggeivenh issGANIGHIRY dnaeast elestiiqa) charagtaiisyrs af thedigiigh slseam
device. 25 3. An interface acc%rdmg to,claim 1, wherein the data converter is configured to meet data
[

I :
X Sftal éé‘v?cé. Ql%. eArnf iﬂ{:e‘?fa%%najcrc'cfdiﬂg to claim 1, wherein the computer

transmissior protocols P evi _ _
30 bus interface is configured & medtiddédtfital ch&tacRBtics dfftBETBHIgLREY HeE 8hd & meef dta

transmission protocol of thgreamputengus. SdAgiintgriage aceardisgrie¢laim domthengin thesghataods
converter is configured };oeg%ril\ﬁrh(&ata mt% f'j‘tseﬁl(f%}ed cggg%l gﬁrg&lm fggﬂ?teme se{e&}qq I)Orﬂnatt theé'ng
di gi tal device;
10 a conputer bus interface for receiving/providing
data to/from a conmputer bus of a conputer for use by
t he conputer and/or as provided by the conputer; and
a data converter for converting data received by
the digital stream receiver into data useable by the
15 conmputer when provided to the conputer bus and/or for
converting data received by the conputer bus interface
into digitally streanmed data for transmssion by the
digital streamtransmtter.

20 2. An interface according to claim 1, wherein the digital
stream transmtter/receiver (transceiver) is configured
to neet electrical characteristics of +the digital
stream devi ce.

25 3. An interface according to claim 1, wherein the data
converter is configured to neet data transm ssion
protocol s of the digital device.

4. An interface according to claim 1, wherein the conputer
30 bus interface is configured to neet el ectri cal
characteristics of the conputer bus and to neet data

transm ssion protocol of the conputer bus.

5. An interface according to claim 1, wherein the data
35 converter is configured to convert data into a sel ected
digital stream format, the selected format Dbeing



- 22 signalled to the data converter in data provided by the computer via the computer bus. 6. An
interface according to claim 5, wherein the data 5 converter is also configured to convert the digital
stream from a selected format into data usable by the c@mputer when provided to the computer bus, the
selected format being signalled to data converter in the data provided by the computer via the computer

bus. 10 7. An interface ageordingdq claim s Vheteln the fata (canveerisconigurddades r’]}iT*F‘ethe

format of the digital stream and signal to the computer in data provided to the computer bus the
recognised format. 15 8¢ AFAHIeffack!dtcbRfinG BTRIREHR L, Wrein the computer bus is a Universal
Serial Bus (USB). 9. An interface according to claim 1, wherein the data 20 converter is a microcontroller.

10. An interface gccording to ¢leieh Pawberaibidhe dimigocoptralieninpludes apeniphPregramanable
interface. 25.11. An interface according to clzum 1, wherein the (iat converter |?aa iﬂt@t%e-m chine. 12. An
| ram I

interface according to cféﬂﬂ\ﬁr, ‘i/\%r(are rrthé'state- 56 Madtie a Dco?rﬂ)Y&S e g% B?rlays
(PLA) or general progré&hhidme ihfedface. 18elecihedfate=EBbrdingf © clamal, wirbeia thy dibia

stream type is one of arcAkHG e@Mpligné trangpsy Ba streame DVBneompl b raesporbsiseam MEEG 2,
MPEG 4, MPEG 7, digigaélsg&ll'étg T}/OIXatPnelSéjiaﬁab Dé/iBéFal led to data converter in
the data provided by the conmputer via the conputer bus.
10
7. An interface according to claim 5, wherein the data
converter is configured to recognise the format of the
digital stream and signal to the conputer in data
provi ded to the conmputer bus the recognised format.
15
8. An interface according to claim 1, wherein the conputer
bus is a Universal Serial Bus (USB).

9. An interface according to claim 1, wherein the data
20 converter is a mcrocontroller.

10. An interface according to <claim 9, wherein the
m crocontrol |l er I ncl udes a gener al progr ammabl e
i nterface.
25
11. An interface according to claim 1, wherein the data
converter is a state-machine.

12. An interface according to claim 11, wherein the state-
30 machine is a PLD or programmable logic arrays (PLA) or
general programmabl e i nterface.

13. An interface according to claim 1, wherein the digital
stream type is one of an ATSC conpliant transport

35 stream DVB conpliant transport stream MPEG 2, MPEG
4, MPEG 7, digital satellite TV, TV tuner data, DVB/T,



- 23 AC3, MP3, Dolby stereo, IEEE1394, IEE488 or digital radio format. 14. An interface according to
claim 1, wherein the digital 5 stream may include video or sound. 10 15. An interface according to claim
1, wherein the data converter generates one or more copgolsignals for control of the digital stream
delivery to the digital device. 16. An interface according to claim 15, wherein the control signals are

generated according to R@ocokﬂf,gguir%]e%s of the; tégclsptprltiégfgg\4typel tEngSStrawceMe_ peggrates a

digital clock signal and/or digital control signals. 17. An interface according to claim 1, wherein the
transceiver transmissiof A1E & b8%bntrolled by a 20 signal provided by the computer via the computer
bus. 18. An interface according to claim 1, wherein the data is provided by the computer bus to the

computer bus  inteffaceip byrtewhighearguifierchy the 29 tirnsceivenad diaRsmiteddp e al
transmlssmr% medium mgrdgtal stream at the transmission rate. 19. An interface according to claim 1,
u

wherein the *transceiverbliff @tﬁ@ﬁiditﬁ? {Y&5m'de ?By%e W &fital device. 20. An interface
according to claim 18, wherein the interface includes a buffer for buffering the data passing

therethrough. 35124 2AnAn intesfacgcrccerding @ (gimilo Waergimiha digiklerein the data
converter generates one or nore control signals for
control of the digital stream delivery to the digital

10 devi ce.

16. An interface according to claim 15, wherein the control
signal s are gener at ed accordi ng to pr ot ocol
requi renents  of the transport stream type the

15 transceiver generates a digital clock signal and/or
digital control signals.

17. An interface according to <claim 1, wherein the
transceiver transmssion rate may be controlled by a
20 signal provided by the conputer via the conputer bus.

18. An interface according to claim 1, wherein the data is
provided by the conputer bus to the conputer bus
interface in bursts which are buffered by the

25 transceiver and transmtted to the transm ssion nedium
in adigital streamat the transm ssion rate.

19. An interface according to <claim 1, wherein the
transceiver buffers the digital stream sent by the
30 di gi tal device.

20. An interface according to <claim 18, wherein the
interface includes a buffer for buffering the data
passi ng therethrough.

35



stream transmitter is configured to generate two or more independent media streams. 5 22. An interface
according to claim 21, wherein each digital stream is produced from a multiplexed data stream, the
multiplexed data stream is provided to a respective buffexrsand de-multiplexed by a dual or multi phase
clock signal. 10 23. An interface according to claim 1, wherein the transceiver converts voltage levels
from those used by the 4at3 feryariatdo thassigKed BY KIeHiRal, dayifs andvisgaepglpatt. An
interface according to claim 1, wherein the_ transceivér converts voltage levels from those usgd by the
digital device to those rédUiRR By th@BSH thRverts® 26 987 AR WiBHackhc@raRGabelaii®, wHerein
the data converter mayre eontraliepldndeatta previdad diyrae @wenputer program. 25 26. An interface
according to claim 25, wherein the computer program provides data to the data converter via the
computer bLE ang.jn turn via the comogeuter bus interface. 30 27. AF interfagi according to claim ZE],
wherein the~co ter [ﬁar‘ggra{nmn%rlu fa s?ﬁgm Ve fo ﬁrovfa nzﬂ Tontror of tM@%é;SFaﬂioneoq(f e data
converter and/or transc@iv@r tadld/orsdigR@ndevice. 38 29 UAR thtetfae@acgordimb ith Rlagrer wHéde the

computer program integaeesayith theeopaiatingsysiesa (QRk ef theceapuies. provided to a
respective buffer and de-nultiplexed by a dual or nulti
phase cl ock signal.

10
23. An interface according to claim 1, wherein the
transcei ver converts voltage |levels from those used by
the data converter to those required by the digital
devi ce and vi se versa.
15
24. An interface according to claim 1, wherein the
transcei ver converts voltage |levels from those used by
the digital device to those required by the data
converter.
20

25. An interface according to claim 1, wherein the data
converter may be controlled by data provided by a
conput er program

25 26. An interface according to <claim 25, wherein the
conputer program provides data to the data converter
via the conputer bus and in turn via the conputer bus
i nterface.

30 27. An interface according to claim 25, wherein the
conput er program includes a systemdriver for providing
control of the operation of the data converter and/or
transcei ver and/or digital device.

35 28. An interface according to claim 11, wherein the conputer
program interfaces with the operating system (0OS) of
the computer.



- 25 29. An interface according to claim 25, wherein the computer program may control the display of
video or playing of sound coded in the digital stream received 5 by the digital stream receiver. 30. An
interface according to claim 1, wherein the data convert@sincludes a serial bus input/output port that is
configured to generate serial bus signals for 10 activation and/or control of the digital device. 31. An
interface according to claim 30, wherein the serial bus signals are generated by software running on the
microcontroller or hardware/firmware of the interface. 15 32. An interface according to claim 30, wherein

the serial bus sigials afé gerdthfld &%ordiAg FRtMcl8ns Hovidd b the’compMBfEldta sEReto the
microcontroller and storedrif tHeeintepfiaogr 2033163 igterface lacdondinglicsglhmy 3@ fwherelr theaserial

bus signals are generatggl AcCaglingrinHBIsHaNS GHiRYdghbyt the campuiey in daiacssnt IRt ved
mlcrocontro%er and storgd in the m.terfa%;:el. 25 3r4' An interface according to claim 30, wherein the serial
bus signals are generat ¢ tg) & c%'n%li A Wﬁh & Mihbi&Stddard. 30 35. A computer to digital device

interface comprising: a computer bus interface for receiving data from a computer bus of a computer as
provided by the @unputafi 3 digisalisieamdessniiteigforiteansmiiing digitalhstreamed eanteghtathe
digital device; and 35 adatg €OPYPTter Q) GRETINIAAR LeCeifd BYBGt / out put port that
is configured to generate serial bus signals for
10 activation and/or control of the digital device.

31. An interface according to claim 30, wherein the serial
bus signals are generated by software running on the
m crocontroller or hardware/firmvare of the interface.
15
32. An interface according to claim 30, wherein the serial
bus signals are generated according instructions
provided by the conmputer in data sent to the
m crocontroller and stored in the interface.
20
33. An interface according to claim 30, wherein the serial
bus signals are generated according instructions
provided by the conmputer in data sent to the
m crocontroller and stored in the interface.
25
34. An interface according to claim 30, wherein the serial
bus signals are generated to be conpliant wth a
sui tabl e standard.

30 35. A conputer to digital device interface conprising:
a conputer bus interface for receiving data from a
conput er bus of a conputer as provided by the conputer;
a digital stream transmtter for transmtting
digitally streamed content to the digital device; and
35 a data converter for converting data received by the
conputer bus interface into digitally streaned data for
transm ssion by the digital streamtransmtter.



computer bus interface into digitally streamed data for transmission by the digital stream transmitter. - 26
36. An interface according to claim 35, wherein the interface further comprises an input/output (1/0O) port.
5 37. An interface according to claim 36, wherein the 1/O2®rt-is configured to de-multiplex the streamed
data to two or more digital streams. 38. A digital device to computer interface comprising: 10 a digital
stream receiver for receiving digitally streamed content from the digital device; a computer bus interface
for providing data to a computer bus of a computer for use by the computer; and a data converter for
converting data reBeivétiby tHa! £ A8 stRahPFlefRr irkd datdl @eﬁble% the YRR GUEr whES§
provided to the compuientbesf 38.eA fdigitah streamnpainsseissian meghiut wutqroputer 20)intedate
comprising: a digital stream transmitter/receiver for transmitting digitally streamed content and/or

receiving digitally streamed contept to/from the transmission mediym; a computer pys interface fo
econing/providin] 26 Bthel SIS h A Eor ARG A0t b WA el Ble e BME] GnR s
provided by the compultér; &ehidita ednvedtefifor Bohteémhgdatdhceit/ee dyade dngital sPednio
receiver into data useapfte Ry e dioginuier wher grayvided to the computer bus and/or for 30 converting

data received by the computer bus interface into digitally streamed data for transmission by the digital

stream transmitter. o ) _ o
38. A digital device to conputer interface conprising:

10 a digital stream receiver for receiving digitally
streamed content fromthe digital device;
a conputer bus interface for providing data to a
conput er bus of a conmputer for use by the conputer; and
a data converter for converting data received by the
15 digital stream receiver into data wuseable by the
conput er when provided to the conputer bus.

39. A digital stream transmssion nedium to conputer
i nterface conpri sing:

20 a di gi tal stream transmtter/receiver for
transmtting digitally st reaned cont ent and/ or
receiving digitally streaned content to/from the
transm ssi on nedi um

a conputer bus interface for receiving/providing

25 data to/from a conmputer bus of a conputer for use by

t he conputer and/or as provided by the conputer; and

a data converter for converting data received by the
digital stream receiver into data useable by the
conmputer when provided to the conputer bus and/or for

30 converting data received by the conputer bus interface
into digitally streanmed data for transm ssion by the
digital streamtransmtter.



