S
AN AUDI O VFDEQ' DATA COVPONENT SYSTEM BUS Thi s i.nvention

relates:to a bus interface systeni apparatus for coupling audlo VI@?F
and data processing systens whi ch process digital signals. “WWO
It is known in the audio/video electronics arts to interconnect a

vari ety of consumer electronic processing devices on a bus structure, so
that signal available at one device may b utilized by another devi ce

connected on the bus f

el évi sion recel ver mﬁrﬂﬁéﬁ%ﬁm@ﬁ%ﬂa&nﬁ@eﬁé@iﬂw ¢ for
st or age, tortthe audi o frorm?s mvieation selatesr ¢oeavbus nayerfsceapplied to a
conponent stereq m.for tjQ c t f
audi o/ vi deo P(FEFE&P tug g‘%é%&%gﬁl Jl}(@éhdwﬁégmhgs dgt% eﬁxtoscewﬁfg °
4,575, 759; 4858mmﬁ4whmlﬁ4ﬂ'0968§ d;guah signals4s. 1 5 The
signals distrisputed in t h‘i?‘%saﬁﬁb% Sth%yﬁhﬁf@wdecﬁ‘re?eét%tﬁbkvﬂt! &l f

contai ned. That (is they include a % timng | nformati on, necessary for
t he respective d@ﬁféegn%nﬁec‘!taé’&w o° H'é’nsunlﬁ}'s el tHRRISH PTOFRSSIRG p‘i‘&‘flP?é

Z'ng”gl)s oo {20 8 bus €Bwictand,| Yot ihat signsl availablkr aofomeorievixses edayss o
R AT R P R N %?eﬁatast. g,
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10 applied to a video cassette recorder for storage, or the audio from
a television receiver may be applied to a component stereo
system for reproduction etc. Examples of this type of audio/video
interconnect systems may be found in U. S. Patents 4,575,759;
4,581,664; 4,647,973; and 4,581,645. '

15 "The signals distributed in these analog bus systems
are relatively self contained. That is they include all the timing
information necessary for the re_spective' devices connected to the
bus to decode the respective signals.

Currently there are a number of compressed audio and

20 video transmission systems, such as the Grand Alliance HDTV
system proposed for terrestrial high definition television
broadcasting, or the DirecTV system which currently broadcasts
compressed NTSC signal via satellite. Both systems transmit
program material in transport packets, and transport packets for

25 different programs ‘and/or program components may be time
division multiplexed in a common frequency band. Respective
packets undergo noise detection/correction encoding prior to
transmission and after reception, and the transport packets are
thereafter reconstituted in a receiver. Recording apparatus (e.g.

30 VCR or video disc) and authoring apparatus (e.g. cameras or
camcorders) for compressed signals, on the other hand, may
process the compressed signals in the same packet format,
however they may not require the same noise processing. As a
consequence the conveyance of signal between processing

35 components is most conveniently effected in packet form.



conpressed*NTSC signal via satellite. Both systenms transmit pr ogram
material in transport packets, and transport packets for 2 5 different
prograns and/or program conponents may be tine division multiplexed in a
common . frequency band. Respective packets undergo noi se
detection/correction encoding prior to transm ssion and after reception,
and the transport packets are theregfter reconstituted in:a reéceiver.
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must be premsely located on the recording medium, if the
10 recording device is to include a variety of playback features.

The present invention is directed to providing data in
compressed form to audio, video and data processing components
interconnected via a bus. Source data occurs in transport packets,
such as the system level transport packets of the MPEG2 video

15 standard. Timestamps are generated on the occurrence of
respective source transport packets. A superpacket is composed
of the timestamp and associated transport packet and applied to
the bus for distribution amongst the processing component. At
ones of the processing components the timestamps in received

20 superpackets may be retrieved and utilized to generated a
synchronized clock for processing the transport packet carried in
the superpacket. The transport packet and timestamp are located
in predetermined positions within respective superpackets.

The invention will be described with reference to the

25 following drawings wherein;

FIGURE 1 is a block diagram of a daisy. chain connection of the bus
hardware embodying the present invention, including

a number of bus/device interfaces;

FIGURE 2 is a block diagram of a portion of one of the bus
30 interfaces;
FIGURE 3 is a waveform and pictorial representation of bus super
- packets;
FIGURES 4 and 5 are block diagrams of apparatus for forming a
superpacket; and



apparatus, sfor exanple, require relatively precise tinming for reasons of
pl aybatk speed variability. That is, conpressed data must be precisely
lrocated on the recording nedium if the 1 0 recording device is to include
a variety of playback features. The present invention is
directed to providing data in - conpressed formto audio, video and data
processi ng conponents i nterconnecteg via a bus. Source data. occurs in
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super packet ; signdl provided by the device component. Both the input and the
output buffers are selectably coupled to the bus via switches
which are controlled by a master controller. Thus the direction of
15 applying signal to, or receiving signal from the bus may be
determined with a high degree of flexibility.

Each interface may include a half duplex transceiver,
at both connections to the AVD bus, for coupling signal from the
bus to the interface. The bus includes a pair of control lines on

20 which serial control signals are communicated from a master
controller. The control signals may include addresses so that
respective ones of the interfaces may be selectively controlled.

An exemplary interface switch apparatus is illustrated
in FIGURE 2. In this illustration, the AVD bus is presumed to

25 consist of three line pairs or six conductors. All of the line pairs
carry bit-serial signal. Two of the conductors, (the control pair) °
are consigned to carry the control signals. Each decoder carries a
unique address so that different control signals can be applied to
respective interfaces. Responsive to control signals directed to a

30 specific interface, the decoder outputs steering signals to the
respective demultiplexers 01, 02, 03 and 04. The control signals
determine: which of the respe¢ﬁve bus conductors are coupled to
the output port '_OUT, which is coupled to the output buffer OB;
which of the respective bus conductors are coupled to the input

35 port IN, which is coupled to the input buffer IB; and which of the
conductors will transit the interface between right and left



3 FIGURE 6 is a block diagram of clock generation apparatus for
synchroni zing a device coupled to an interface, using

ti mestanps contai ned in respective superpackets; Ref erri ng
to FIGURE 1, there is shown a cascade of 5 AVD bus interfaces

I nterconnected by the AVD bus. Each interface is bidirectional in that
It can be conditioned to provide gnal to or accept signal froma-:
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from a mast etelectively coupled to the 1nterface node O by respective

10 demultiplexers 01 and 02 The bus conductors (excepting the
control pair) are selectively coupled to the interface node IN by
respective demultiplexers 03 and 04. All conductors from the
right or from the left of the interface may be coupled to node OUT
or node IN, but not concurrently to both nodes OUT and IN.

15 Alternatively, only selected ones of the conductors may be
actually coupled to the nodes OUT or IN with the remainder
appropriately terminated. It will be appreciated by those skilled
in the art of digital design that there are a large number of
interconnect combinations made possible by the three

20 demultiplexers. The control pair however, communicates bit
serial control data, hence the control word length is limited only
by decoder design. Thus if the control word length is limited to 8-
bits, the number of possiblé interconnect combinations which may
be selected is 256. The 256 combinations will accommodate the

25 switching of many more conductors than the four illustrated. The
decoder may comprise a read only memory programmed with a
plurality of control functions for different control signals applied
to its memory address port.

An important feature of the AVD bus system is the

30 data or signal format. In this example it is assumed that the
signal to be communicated is provided in the form of transport
packets such as defined in the system layer of the MPEG2 video
standard, or the transport layer of the Grand Alliance signal
format. For transmission on the AVD bus, the transport packets

35 are packaged in a further packet, designated herein as a
superpacket. The contents of the superpacket include a



controller: The control signals may include addresses so that respective
ones of the interfaces may be selectively controll ed. An
exenplary interface switch apparatus is illustrated in FIGURE 2. In this
illustration, the AVD bus is presuned to 25 consist of three line pairs or
si x conductors. Al of the line pairs carry bit-serial signal. Two of
the conductors, (the control pair) fre consigned to carry the control

si gnal s. Each decoder carries a address so that different control
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The purpose of the playback rate code is to allow
10 recording at a relatively high bit rate and playback at a normal bit
rate. This feature accommodates high speed duplication and
reception of e.g. video signal in high speed bursts as is
contemplated in some video dial tone systems. In the latter
application it is anticipated that an entire movie may be
15 transmitted in a few minutes at very high bit rates, and recorded
for subsequent playback at normal speed. |
FIGURE 3 is a pictorial representation of the signal as
conveyed on the AVD bus. A Frame Clock is provided on one of
the conductors and indicates the occurrence of a superpacket
20 which occurs on another of the AVD bus conductors When the
Frame Clock is in a high state, a superpacket is framed within and
coincident with the high state. The high state or active interval of
the Frame Clock is constant for all packets, and in this example is
equal to the duration of 191 eight bit bytes. These 191 bytes are
25 divided between a 20-bit timestamp, a 4-bit playback rate code
and a 188-byte transport packet. If a transport packet is less
than 188-bytes it is loaded in the leading part of the transport
~ packet portion of the superpacket. The preferred sequence of
- data is timestamp, playback rate code and then transport packet,
30 though other arrangements are manageable. Note that while the
active portions of the Frame Clock are of constant duration, the
inactive intervals may be variable. This introduces considerable
flexibility into the formation of superpackets. |
The playback rate codes are convenient but not
35 essential. The timestamps, on the other hand, are included
" because it is possible in switched bus structures to introduce jitter



devi ce conponents on the other side of the break on the sane 5 conductors.

Consequently a greater nunber of unique communi cati ons may be perforned
with fewer conductors in the bus structure. The bus
conductors (excepting the control pair) are sel ectively coupled to the

I nterface node OUT by respective 1 0 demultiplexers 01 and 02 The bus
conductors (exceptlng t he contr ol Pg ir) are selectively coupled to-the
interface node g%/c . respective derml% | exers 03, and, 04. All" conductors
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15 includes program clock references in ones of the transport
packets. The transport processor provides bit-serial transport
packets of the video signal on one output port, and in parallel
therewith provides a timing signal indicative of the start of
successive output transport packets.

20 Successive transport packets are delayed in a
compensating delay element 50, and then applied to a formatter
47. At the start of each new transport packet the count exhibited
in the modulo M counter 43 is captured in a latch 44, the output
of which is coupled to the formatter 47. In addition a playback

25 rate control code, PB, is applied from a system controller 46 to the
formatter. In this examplé it is presumed that the camera is
operating at real time and at normal speed, hence the play‘back
rate code will reflect a playback speed equivalent to recording
speed. The speed of camera action is controlled by a user input

30 48, which may define a number of variable coding and

' compression parameters.

When the timing signal provided by the transport
processor indicates the occurrence of a new transport packet, the
controller 46 conditions the formatter to first output, in serial

35 form, the timestamp (the count latched in the latch 44), then to
output in serial form, the playback rate code, and finally to output



standard, or the transport |ayer of the Gand Alliance signal format.
.For transm ssion on the AVD bus, the transport packets 35 are packaged in a

furt her packet, designated herein as a super packet. The contents of the
super packet include a 5

ti mestanp, the transport packet ‘and a playback rate code. The timestanp
Is atimng code which is a sarrpl e of cl ocked counter t.aken at--the

i nstant of reception of the tr rt packet. The | ay ack rate code, is
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coincident with the superpacket and which is applied to a second
10 conductor of the AVD bus in the interface 49.

If this controller 46 is the overall system controller, it
will generate the control signals which are applied to the control
pair, and the selection of where the signals are directed will be
under user control 48. If not, the only interaction of the controller

15 46 with the interface will be generation of the Frame Clock in this
example.

FIGURE 5 illustrates a second example of a
superpacket generator. In FIGURE 5 elements designated with the
same numbers as elements in FIGURE 4 are similar and perform

20 the same function. Transmitted transport packets are received in
a modem and error corrected in the Reed Solomon decoder of the
~ packet source 51. The packet source outputs pulses, P, coincident
with the occurrence of respective transport packets to indicate
their presence. The pulses P and the transport packets are
- 25 applied to an inverse transport processor 53. In this example it is
assumed that the signal applied to the packet source contains time
division multiplexed packets pertaining to different programs and
different program components. Respective packets contain
program identifiers, PID's, by which they are associated with
30 respectwe programs or program components. The -transport
processor is conditioned to select only packets associated with a
desired program. The payloads of these packets are applied via a
direct memory access, DMA, to a buffer memory 54. Respective
program component payloads are applied to specific areas of the
35 buffer memory. As respective program component processors 55,
56, 57 and 58 require Component signal data, they request same -



for subsequent playback at nornmal speed. FIGURE 3 is a
pictorial representation of the signal as - conveyed on the AVD bus. A
Frame Clock is provided on one of t he conductors and indicates the
occurrence of a superpacket 20 which occurs on another of the AVD bus
conductors Wen the Frame Clock is in a high state, a superpacket is
framed within and coincident with t e high state. The high: state_er
active inter
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swi t ched bussystemctlooks tTheé raystatocelockt iscutilized by the inverse
10 transport processor 53 and the packet source 51, hence the
transport packets are relatively synchronized with their original
creation. The generation of the system clock is similar to the clock
synchronization to be described with respect to FIGURE 6 below.
The system clock is counted in the modulo M counter
15 43, and the count value exhibited by the counter when a pulse P
occurs, i.e. when the start of a new transport packet is output by
the packet source, is captured in the latch 50 responsive to the
pulse P. In addition the associated transport packet is applied to a
compensating delay element 50. The delayed transport packet
20 from element 50, the timestamp (count value) from latch 44, and
a playback rate code from a controller 460 are applied to
respective input ports of a superpacket formatter 49.
The controller 460, under user control 48, _
communicates with the inverse transport processor to designate
25 which program transport packets are to be packaged in
superpackets. On the occurrence of respective transport packets,

- the inverse transport processor provides a pulse to the controller
460 whenever a received packet is a desired transport packet.
Responsive to this pulse the controller 460 conditions the

30 formatter to form the superpacket with the current timestamp, PB
and transport packet. Note in this example the delay element 50
must accommodate not only the formation time of the first two
superpacket data elements but also the time required of the
inverse processor to ascertain that a packet is one of the desired

35 packets. '




6

in the reception of transport packets -at respective device

conpanents. The jitter can affect system perfornance, and particul arly
that of recording devices. The tinestanps are used by the recording

devices to synchroni ze the recording devices to

5 the timng of the

occurrence of sourced transport packets, which tends to elimnate timng
jitter. . ' Referring to FIGURE 4, one method of generating
superpackets will be described. In this exanple video signal is

by a canera 40. This signal
packaged in transport packets by the transport

provi ded

is conpressed ¢n an MPEG 1 0 encoder 41, and
ocessor 42. The MPE
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The Frame Clock is not a fixed frequency signal.

It is

is the inactive portion of the Frame Clock is a variable.

ective

operating at real tinme and at

That

specifically desired that the time clock not be a fixed frequency
15 clock so that superpackets may be formed at any time a transport

packet is available. It is undesirable to use a fixed frequency

Frame Clock, as such would force delaying the formation of a

superpacket for transport packets that occurred after the
beginning of an active portion of the Frame Clock until the

20 subsequent cycle of the Frame Clock. If the timestamp is to be
related to the formation of superpackets or the Frame Clock, then
latches 44 in FIGURES 4 and 5 may be conditioned to capture
count values by either the formatters 47 or the controllers 46 or

460 respectively.

25 FIGURE 6 illustrates exemplary apparatus which may

be utilized in a recorder to use the timestamps for

synchronizatibn. Superpackets from one conductor of .an AVD bus
interface are coupled to one input port of a signal sorter 202, and
the Frame Clock on another conductor of the AVD bus is applied to
30 a second input port of the sorter 202. An edge detector, 31,
detects the transition of the Frame Clock signal which defines the
start of the active Frame Clock interval, and responsive to such
detection, captures the.count exhibited in a counter 36, in a latch
35. Counter 36 counts pulses of a voltage controlled oscillator 37
35 which has a free running frequency close to the frequency used to

generate the superpacket timestamps.



rate code will reflect a playback speed equival ent to recording speed.
The speed of camera action is controlled by a user input 30 48, which may
define a number of variable coding and conpressi on paraneters.

When the timng signal provided by the transport processor indicates
the occurrence of a new transport packet, the controller 46 conditions

the formatter to first output, in serial 13(2]5 form the tinmestanp (the count
latched in the latch 44), then to ou.tg t in serial form the playback
rate code, and finally toSioultaneously with capturing the count value in ‘the

7 in serial f e I d t
35, P AT e
super packet . Tﬁg{cgﬂel ?)) fl%gur edd%%%éh qugrlgﬁgr.%het glghﬂﬂﬁp‘lébébr contré)é}e;y
c

. , t t
el ement 50 is eddi ¥l pravide 3 feque gQuipl s{gnais %oﬁ‘l?'rlltr(’ﬁf% Perest anp
and the pl aybacldermiléiptogis. DBMUX to separatéhthes coapumenes ofatke appl i ed to

cont rol i gnas supefpaskefy ot Nimesfhebe cofafled 16 i WHRtofOR % ©
\IAE;[ gLf ?(S:e. I Qoi stardi i_'l'l(ﬁ_,”l mémocynwhigh ds ageessedt by a Foskecantsellesiifhal
second 1 0 cond%‘%@&%ya %Qoi\f}%egggﬁfl ﬁ@fﬁgéllla;lt” g}%g&lgg ﬁpﬁ%ﬂa%@e.ﬂ o8
_ handle the PEMUX may be designed to provide the signal in a
variety of formats. That is, it may provide the superpacket in

10 toto. Alternatively it may be arranged to provide the playback
rate code PB-on one port which is accessed by the recorder. control
circuitry 29 and to provide tramnsport packets another port -
accessed by recording circuitry 28.

The clock controller includes apparatus for storing

15 successive values latched in the latch 35 and successive
timestamp values stored in MEMORY. Let the successive
timestamp values be designated TSp and TSp4+1. Let
correspondihg successive count values stored in the latch 35 be
designated LCRpand LCRp41. The clock controller 39 reads the

20 successive values of TS's and LCR's and forms an error signal E
proportional to the differences

_ E = |TS; - TSp41 | - ILCRy - LCRpy 4l
The error signal E, is applied as a control signal to condition the '
voltage controlled oscillator 37 to produce a frequency equal to

25 the frequency of the system clock with which the timestamps
were generated. The error signal produced by the clock controller
39 may be in the form of a pulse width modulated signél, which
may be rendered into an analog error signal by implementing the
low pass filter 38 in analog components.

30 The constraints on this system are that the counters at
the two ends of the system count the same frequency or even
multiples thereof. This requires that the nominal frequency of the
voltage controlled oscillator be fairly close to the frequency of the
system clock at the emcoder. o

35 It will be noted that the occurrence of transport
packets generated by the circuitry of FIGURE 5, for example, are



If this controller 46 is the overall systemcontroller, it wi |l generate
the control signals which dre applied to the control pair, and the
sel ection of where the signals are directed will be under user control
48. If not, the only interaction of the controller 15 46 with the interface
wi || be generation of the Frame C ock inth’is exanpl e.
FIGURE 5 illustrates a second exarrpl super packet geaerator
FI GURE 5 el enen s desi ed w h numbers _as .el e FI GURE
s are sim | SYDSHIPISHR SR o6 ShRLcTm, ﬁiocrlw@ef‘ém BaEh shrcHaB IR, el
packets ar e anceacoder lclock via rRORIs. arifhe rocenrrence eof ehlesmtnalnepmed Sol ormn
o T ten DASkets Mg <Bine Whped" in Woralish S thekieUtver DUl oo,

sn e e

coi nci dent occurte rve transpor ets to
i ndicate styn@hrorm@s@l@@k and ﬁh?sé%SPPCHNG M@SPP’énﬁﬁék?tsp&E‘kets are 25

applied t & 3pg %éﬂ’%ﬁﬁ tﬂeamﬁﬁegtwsoseﬁﬁer ﬁ@icdtfbﬂ b SthRx AWDe bk, | At
assuned that, " The signal ﬂ} {Jﬁ)g ‘{) et source_.cont ai s tinme

di vi si on mul® Feerden 1pteaf %$£ ‘ﬁe Ah U§ B fq"gf “fJ‘i €and

di fferent pregsport cpagketesiployfethee dimestapaus dbs gnenatatena reqordgr am
identifiers, e [
prograns or f t%aﬂ&?o%%gnw%n%h%@ﬁ;&gﬁ%rFhéM&Jhs?gr{ ?’Rﬁg{ difd
condi ti oned meleivar systgnpsdeck.s Hensei theeél%&lhpélckets dudlized) b ogr am
The payl qqgstP?f rdd¥td6r ARG 8¢ Swill ebaPPhbstantiaRy ajitter dfre@Ct menory access,

DVA, to a menory 54. Respective progran1conponent payl oads are
applied to specific areas of the 35 buffer nmenory. As respective program
conmponent processors 55, 56, 57 and 58 require conmponent signal data,

t hey request sane



8 fromthe processor 53,—which reads the appropriate payl oad vi a the .
‘DMA structure. es of the transport packets_. program
el ock r ef er,MHHIMFI"mH"Jmh precisely relat e:c:l@’“ (_iy\gmu&i\\ he 5

transport packet t &n ence system cl ock. Th Au;:p procgssor 53
extracts these PCR s and applies themto a syste

Using the PCR s, the clock generator H2 genera a system-cl-ock whi ch
is frequenc oder system cl ock. The system clock i's
utilized bywjrﬁs ﬁt:@é“v%ﬁ ansport processor 53 and the packet source
51, hence the transport.packets are relatively synchronized with their
ori gi nal creaty on T t V&S | to the
cl ock synchronl za ﬁl‘é gbge%éziﬁpﬁjnéaﬁ?é resg}éﬁ%8 mﬁﬁfflligtg’%%el OoW.
The system c,qoaenon%ntéoeﬁtw aydion ¥iden| systeme herein the gompzessedne count

val ue exhi blstigﬂalbystétﬂu@eanhertwﬁmra pwkéts Pand m@cubmpdneﬁt when the
start of a new irans ort Oglac i S ou put . # packet source
captured i n TREV ch 5%‘?)(ng§ spa pystely; Pk the

associ at ed tsainhsnmthodacbmpnsngppl [ ed to a corrpensatl ng del ay el enent
' \5/gl ul-:)hef ?g%a%/:?c}]&iﬁlmg]hu%gkgfl ay ggghgte cognéglrlé}mli\g g\gﬁg?rgr(zggn;re
applied to lnthgﬁ'pet@t |g¢@erafpupomt t‘?ﬁ BeS:a superpacket formatter 49.
capturing a current count value at a predetermined instance
associated with an occurrence of a sourced transport packet;
forming a bit serial superpacket containing the captured
count value and corresponding transport packet;

conveying the superpacket to said components on a bus.

2. The method set forth in claim 1 further including:
providing playback rate codes for use by a recording
component, which playback rate codes define a ratio relating the
rates of reception of signal to be recorded and the rate that such

signal be played back; and
including said playback rate codes in said superpackets.

3. The method set forth in claim 2 wherein the step of
forming said superpackets includes assembling said count value,
said playback rate code and said transport packet in the sequence
recited.

4. The method set forth in claim 2 wherein the step of
forming said superpackets includes forming respective packets of
191 eight bit byte intervals.

5. The method set forth in claim 1 further including:

generating a Frame Clock signal having an active state
coincident with the duration of respective superpackets, and an
inactive state in the absence of superpackets, and wherein the

This Sheet HaS Been Reﬂlaced




The control ler 460, under user control 48, comuni cates with the inverse
ansport processor to designate 25 which pregs ﬁﬁ&%@dﬂQ’ackets are to
be packaged | lll m! H)HHEE! .. On the oc«?u’ﬁr‘%ﬁce phesasngstli ve transport .
‘packet s, ort pr ocesso'_wtfmmw_pul se ’tO t he
controller 460 whenever' a recei ved packet Ts-a aesired=trdnsport packet.
Responsive to this puI se the control lgg 460 conditions the 30 formatter to

formthe sup cket urrent ti frapsport
backet | Not ATREBH bf sk Aty {rcRbp aE T Vg uratignBE foaBHRBOM & nor
only the fors’taltesom tvaréalde; t he first two super packet data el ements but

also the tine reqéahe grg s’aglf 3Fr§mé r(‘k’l%l;.:ﬁes@hﬁPqﬁsﬁéraﬁEl afhl k&g that a

packet is one of
9 superpaqkeits con ovaid obuy fg’iaﬁﬁ d8 receivingseidpupsrprckatacdld  at

t he occurrertﬁﬁa,sofofarég@@mr saidaWodiporferter natively the ti mestanps may
be generated relative™to the timng of generation of the superpacket.

That is the timestanp may define the instant
6. The method set forth in claim 5 further including:

providing interfaces for selectively coupling said bus to
respective said components; and _

providing control signals to said bus for controlling said
interfaces.

7. The method set forth in claim 6 further including:

providing a bus of N conductors, N an integer, wherein two
of said N conductors are dedicated to said control signals;

providing interfaces which are interposed in cascade
connection along said bus that include switch means for
interconnecting respective portions of at least some conductors in
said bus; and

controlling said switch means for isolating sections of at
least some conductors in said bus with said control signals.

8. Apparatus for conveying compressed signal between
components of an audio video system comprising:
an AVD bus including conductor sections coupled in cascade
connection with bus interfaces, respective said conductor .sections
including a plurality of conductors, two of which are reserved for
control signals, and respective said interfaces comprising;
first and second input/output ports for connection to
respective conductor sections; :
a third input/output port for couphng a
component to said AVD bus;
multiplexihg means, responsive to said control
signals for selectively coupling ones of said conductors of
said conductor sections coupled to said first or second

./
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5 a SUperpaW or the instant assenbly of the

super packet begins. In st ances the tine stanp w il general ly be
related to tm’,ﬁm[ t he Frane d ock, F==thouwghi~+t=rmay—not define
the timng of " mﬂﬂ?ﬂﬂi The ti mest anpl| ili§ <sEEF HASBERS gci at ed
with a particular tfantport =2 O packet because Luperp"&'é‘f@e\f&”are ner at ed
to convey respective  transport packgts. : . rhe Frane d ock
is not a fixed frequency signal. JThat S .thet\j active. ory on of. the
Frame O ock INBuyopthyt,posts f@ cnductars, of; said Ilﬁ}“'aesi'red1 P/ Q4PYS e

clock not begxtfi xed frequency 1 5 cli ock so that superpackets may be forned

at any tinme a transporg._. | J.a bt n Lhabl e use a
fixed frequency Fr a?#élt“tl} g@é&m@&?ﬁiﬁ&%%ﬂé‘?c"ednﬁé‘?iagfﬂiaqﬁhe fgér)lfrat i on
of a supeepentieely f eoupling, ansst ob sakd tepndugtors cef spi gpnductor |
beginni ng ofge Boﬂﬁtw@%ﬁﬂr th Ognial firbe ifpagBuifueck upbid tbheoddustdzsequent
cycle of the Fra Cloé.,.lf hettmestt_arrpl to be related to the

f ormati on of® &ﬂgfp%’&?g s IRRUQIIPEE PRIt (%Ni t hen | atches 44 in FI GURES
4 and 5 may be condi tiguirtblt eneamst fore providingt saidl ventrby sighélsr t he
formatters 47 or the controllers 46 or 460 respectively. 25

FIGURE 6 illustrates exenplary apparatus which may be utilized in a
recorder to use the Theespparptusf set forthyinielaim At whereiguple deastkers from

one conduct ; incli f Foe forHidtE6Aet signaE forput port of
a signal sor fe(rgtd%_g({ba é}l%t nculgg%s‘rarelﬁ%%ck on_anot he% cggductor of the AVD
pBys,, grhich :

bus is appl ianplicatiog 0staidnd MERRS COMPHSSRH2  An edge
detector, 31, a due6é Sof ompressed i signalf dcberrfingnin Ganspost gasketshi ch

defines the start . of t@e active Frame C ock interval, and responsive to
such det ect i oh, SYSEIRUFROKr ne count exhibited in a counter 36, in a
| at ch a modulo M counter for counting pulses of said system clock

and providing count values; _ :

means for capturing one of said count values at a
predetermined instant and associated with a transport packet;

a formatter, coupled to said source, ‘said means for capturing
a count value and said AVD bus, for assembling a superpacket
including a captured count value and an associated transport
packet. '

10. The apparatus set forth in claim 9, further including:

means, coupled to said AVD bus, for generating a Frame
Clock having active states coincident with said superpackets, and
inactive states in the absence of superpackets, said active states
being of constant duration and said inactive states being of
variable duration, said Frame Clock for use by respective said
~components for detecting said superpackets.

11. The apparatus set forth in claim 10, further including:

a source of playback rate codes coupled to said formatter
and wherein said formatter composes superpackets including a
captured count value, a playback rate code and an associated
transport packet in the order recited.

This Sheet Has Been Replaced




35 Count er %6~eeum_s_pol ses of a voltage contealded osqillator 37 3 5
‘whi ch'has a inm”ﬁnnr n frequency close to the..:t‘requenc,y eeg@" o]
' i

generate the ’mu t anps. B SO} ACGE"
sly with captur*’r—r'rg the countuvalye in the

10
latch 35, the edge detector 31 alerts the denultiplexer controller 33 to
provi de a sequence of control srgnals]h §or controIIrng the - demulFtiphexer

DEMUX to separate onents of 5 su The ti

contained in the k& gTé% atus set %‘ﬁledn ﬁf)aémﬁg fWh ORei gpg'&cgssed by
a cl ock contgophpernerd8. inclulepecitcuiiry prespohsivieortn shidi spperpatketsecor der 1's
arranged to firsg%ght he DEMUX nay be designed to provide the si gnal In a

variety of 1 is, it may prowdethe su erpacket in 1 t ot 0.
Alternatively it arr@?nb\’@l)@dr ascidlater, for providingeclo CE pulses for e lBbde PB

on one port gufd cdhd Q)fa§§ig8§gﬁ1aﬂbﬁeht§3 recorder control circuitry 29 and
to provide transport (P ckets ano (o] cess ot di,ng -
circuitry 28. modulo COW@IC&{)@E‘ g?’baf rc‘?'rf@}rlﬁvjé ‘gﬁ tus for
storing 1.5 pilseessi pﬁwidbuliﬁ:alatmimdvaheshe | atch 35 and successive
timestanp values StofedetPodfiVERG an®octlfteits C66 Y Shperpacket on said
AVD bus for capturing a current local count value exhibited by
said modulo K counter; :
means coupled to said AVD bus for extractmg the timestamp
in said superpacket;
clock control circuitry, responsive to said timestamp and
captured said local count value for generating an oscillator control
signal for application to said controlled oscillator to condition said
controlled oscillator to provide clock pulses at a desired '
frequency.

13. -Apparatus for communicating compressed data
occurring in transport packets, amongst component devices
comprising a source of said transport packets, means for
. generating timestamps associated with respective said transport
packets, and means for forming a superpacket including said
timestamp and an associated transport packet, and applying same
to a bus interconnecting said component devices.
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ti mestanp ‘val ues be designated TS[err] and TS[err]. Let ' correSpondihg.
successive count values stored in the latch 35 be deS|gnated

and LCR[err]. The clock controll-er 39 reads the 20 CessI¥e of
TS's and LCR s and forns an error si gnallé pr pﬁl_rtslm){[&ﬁ '”E-._

di fferences E[err] [err] é[ eﬁr‘}‘tN" ] -
LCR[ err] The error signal E, is applied as a t=" g

condition the I“g@%&) 71to produce a frequency
equal to 25 t he B We%c ock-wth which the tinestanps
were generated. The error signal produced by the clock controller 39,
may be in the formof a pulse width m)dul t d 'gnal whi ch may be-
rendered into an anal og error signal ting the | ow pass

filter 38 in anal og dorRystemt §or 3gterconnect1ng au[he, aGdeo r andtdatansigniats

“ a1t equency. oAb A eéé‘“?}e“e‘ésh?ﬁ%ﬁ eo}‘?“f b7 oS B! & bRty (6
.noni nal frequenEb P]tshgpr trangy t&% digntk o) Achussintertace isplocatsd 13§ ¢l ose

to the frequencyesyective mgnaﬁlypt@cms@irtg:ldemcé@ew&ﬁ@l@dﬁfterﬁcé 1ncludes 't
o reur ey of  r ABrpAl? BEEBRGSN e Tl SRR heertacd 5 R TE"E Akl the
signal transmitted in one of the channels. Data is transmitted in
the channels in a superpacket structure. Processing devices which
generate signal to be applied to the bus, such as a receiver which
provides MPEG transport packets, include apparatus to form such
~ superpackets. Respective supefpackets include at least a
transport packet -and a timestamp related to the timing of
occurrence of the transport packet. The transport packet and
timestamp are located in predetermined positions within
respective superpackets.

FIGUKE ‘4
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11 synchronous with a systemclock that has been synchronl zed with

an encoder ¢l ock via PCR s. The occurrence of these transport packet s
are time stanped in cooperation with the receiver synchronous cl ock, and
the respective transport packets are 5 tagged with the timestanps before
application to the AVD bus. At a recofer interface of the AVD bus a
recorder utilizing the transport packet enploys the tinestanps to
generate a recorder “system cl ock which is synchronous with the transport
packet and the receiver systemclock. Hence the signal packets utilized
by 10 the recofqn device will be substantially jitter

12 What " i's cldgl mdd is: | 1. A nethod ﬂaTy«@?n'%‘%?]?‘gaT
conpressed si gnal OB Aet ween co | an qu
t he conpressed s aI i's i MPEG 1
packets, and the cpnpo receiving fhg sodircedftra

I ncl udes a system [gqc e net
of said syste d p‘r
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i nt'eger; t'o generate count val ues; capturing a current count

val ue at a predetermnined 10 i nstance associated with an occurrence of a
sour ced transport packet; forming a bit serial superpacket
cont ai ni ng the captured count value and correspondi ng transport packet
in nutual Iy exclusive portions of sggj,d superpacket; 15 .
conveyi ng the superpacket to said conponénts on a bus. 2.
The method set forth in claim 1 further i ncl udi ng:

generating a Frame O ock signal having an active 20 state coincident
with the duration of respective super packets, and an inactive
state in the absence of super packets, and wherein the duration of
active states is constant but the duration of inactive states is

vari abl e; conveying said Frane C ock signal in parallel with 25
said superpackets on said bus for use in receiving sai g NSP er packet s
at ones of respective said conponents. . 3. ';A‘g@( %"ﬁod set
forth in claim 2 further i ncl udi ng: idl ng

interfaces for selegtively cougking said 30 busé§%¥¢%§p étive said
conponents; and %8 ‘ | 35 g Gantrol A2 g MNENAL Aid bus for
control ling {cmmgu-nuarmag&. TRANSPORT TO

~ |ENCODE PROCESS MODEM -

t . 5

LATCH DELAY

43_[mopuLo Sa
M count _

‘*

SYSTEM
\J CLOCK

45

Y 46
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a7 TS PP USER INPUT [ 48

49 | |NTERFACE }-—>

AVD BUS

FIG. 4



4. © The- rrethod set forth in claim 3 further I ncl udi ng:

13 provi ding a bus of N conductors, N an integer, wher ei n
two of said N conductors are dedicated to_said control signals;
providing interfaces which are interposed in cascade 5 connection al ong
said bus that include switch neans for /4 I nt erconnecting respective

portions of at |east sone conductors’in said bus; and
controlling said switch means for isolating sections of at |east sone
conductors in said bus with said control 10 signals. 5. A
met hod for conmuni cati ng conpressed signal bet ween conponents of an
audi o video system wherein
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corpressed signal is sourced in transport packets, and a conponent
recei ving the sourced transport packets includes 15 a systemcl ock, said
met hod conpri sing: counting pul ses of said systemclock nodulo M
M an I nteger, to generate count val ues; capturing a current
count value at a predeterm ned I NS4 ppce associated with an occurrence
of a sourced 20 transport packet; provi di ng playback rate codes
for use by a recording conponent, which playback rate codes define a
ratio relating the rates of reception of signal to be recorded
and the rate that such signal be played back; and 25 formng a bit
serial superpacket containing the captured count val ue, said playback
rate codes, and ;== correspandi-ng transport packet in nmutually exclusive

g cgnveyi ng the superpacket to

y

portions of said superpackst;

LER

sai d conponents on a 30 tLQ. : 6.a\The nejdod set forth in
claim5 whereinithe step o Aabfiforn ng said e *kets includes
assenbling said: coun 9& r—S-3d | a&e% aGes-tod® and said
transport ipagket in ti@Spayence rdc| $da = §E X
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14 7. The nmet hod set forth in claim5 whereln

Pt

transport packets consi t-bit-bytes, N an %[ﬂqﬁﬂbegﬁ%

step of foermng i ncl udes forn1n re gqjacketils
of N plug three ﬂmmmm)ﬂm)m(’m ytes. ér {dyve i
dls *

f.or.e-ee |
conveying conpres$sed Isign bet wezn corrponents Qf -an- Caudiorvrdeo
system conpri si ng: an AVD bus incl udi ng conductor sections
coupled in - cascade connection with bus interfaces, respective said 10
conduct or sectWhat iscélalimgdaigturality of conductors, at | east one
of which is reserveg foracquiiRla s?‘gpal ﬂgﬁﬁcatln r@gﬂﬁgggggdseglcbnal
interfaces conprising; I rst and second directional
i nput / out put poetgeen ComP@ﬂeéﬁﬁn@€u3§1%Qﬁ#%sﬁb@??V§Y§5ﬁﬂu@PQIQ%&HQQﬁB
15 | an | rafeéédcoaﬂgﬁé:ed i® ascﬁtéféédl ntrer mﬂﬂ@-thl&oda:ranspofu)r
couplnganou of a c nentt05| AVD b out put
connect ed®t o apgﬁk‘aﬁﬁ'l?ﬁ % FSFelVlng EBﬁp??‘ﬁﬂc%% ﬁéjpcp#t sai d

conponent to spadkéy® brneludes a systerhwkoc]andsaedomdthwit chmpfeaasng
responsive to contr le y t|
coupling corrgg‘ﬁggﬁnﬁgﬂég%guc orgfagP SX%?I ?lltrclsl%b@gn %%@?2 M’G‘Aﬁ[

integer, to generate count values;

capturing a current count value at a predetermined
10 instance associated with an occurrence of a sourced
transport packet;
— forming a bit serial superpacket containing the
captured count value and corresponding transport packet in
mutually exclusive portions of said superpacket;

15 conveying the superpacket to said components on a
bus. '
2. The method set forth in claim 1 further
including:

generating a Frame Clock signal having an active

20 state coincident with the duration of respective

superpackets, and an inactive state in the absence of

superpackets, and wherein the duration of active states is

o constant but the duration of inactive states is variable;

conveying said Frame Clock signal in parallel with

25 said superpackets on said bus for use in receiving said
superpackets at ones of respective said components.

3. The method get forth in claim 2 £further
including: '
providing interfaces for selectively coupling said
30 bus to respective said components; and.
providing control signals to said bus for controlling
said interfaces.

4., The method set forth in c¢laim 3 further
including:
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T w‘ET
directional input/output ports to said first interned REPLACEMEN 5 ?
third and fourth onS|ve to control 25 sﬁbd‘w\é 97for

sel ectively re upllng sai d corre ___dLﬂgLQQQQQQE"' of
said first and sgmrﬂ" '” ’rect i on input/output—ports to said second
i nt ernedi at e * na caatrol neans for prOV|d|ng sai d
control signals. . The apparatus set forth in claim38
wherein said flrst and second bi -directional input/output ports each

i ncl ude a half duplprotvidimgeiavebus of N condukkork) i Mt eafiacinteger,
conveyi ng ”aBﬁ&’é’féiRa‘E%t of safd IRy dréChbqiakeaD S fa
respective AV
control signals;
providing interfaces which are interposed in cascade
5 connection along said bus that include switch means for
interconnecting respective portions of at 1least some
conductors in said bus; and |
controlling said switch means for isolating sections
of at least some conductors in said bus with said control
10 signals.

N\ 5. A method for communicating compressed signal
between components of an audio video system wherein
compressed signal is sourced in transport packets, and a
component receiving the sourced transport packets includes

15 a system clock, said method comprising:
counting pulses of said system clock modulo M, M an
integer, to generate count values;
capturing a current count value at a predetermined
instance associated with an occurrence of a sourced
20 transport packet;
providing playback rate codes for use by a recording
component, which playback rate codes define a ratio

\J’- relating the rates of reception of signal to be recorded
and the rate that such signal be played back; and
25 forming a bit serial superpacket containing the

captured count value, said playback rate codes, and
corresponding transport packet in mutually exclusive
portions of said superpacket; and

conveying the superpacket to said components on a
30 bus.

6. The method set forth in claim 5 wherein the step
of forming said superpackets includes assembling said
count value, said playback rate code and said transport
packet in the sequence recited._
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cascade connection with bus interfaces, respective said
10 conductor sections including a plurality'of'conductors, at
— least one of which is reserved for control signals, and
respective said interfaces comprising;
first and second bi-directional input/output ports
for connection to respective conductor sections;
15 an input port connected to a first intermediate node
for coupling an output of a component to said AVD bus;
an output connected to a second intermediate nede for
coupling an input of said component to said AVD bus;
first and second switch means, responsive to control
20 signals, for selectively respectively coupling
corresponding conductors of said first and second bi-
directional input/output ports to said first intermediate
node;
third and fourth switch means, responsive to control
25 signals, for selectively respectively coupling said
corresponding conductors of said first and second bi-
direction input/output ports to said second intermediate
node; and '
control means for providing said control signals.

30 9. The apparatus set forth in claim 8 wherein said
first and second bi-directional input/output ports each
include a half duplex transceiver.

10. An interface for conveying transport packet
signals on a bi-directional AVD bus to respective AVD
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forth in clai m40 wherei™n éne* of saixgk conponents includes circuitry
responsive to said super packet's conpri si ng: a controlled
oscillator for providing clock pul ses for use by said one
of said conmponeomppnents, saidaimbeduwifack comprdsinig:an integer, for
counting said aC ul.ge de. | I
means responsive to o%gﬁgfgn%2388&85§%§¥§u%éb8§2ke%gHg£1X§ ggangﬁvblBﬁs
for capturing transpemt pPecketseunt val ue exhi bited by said nodul o K
counter, geapstenuRhedk;0 said AVD bus for extracting the

5 a modulo M counter for counting pulses of said system

clock and providing count values;
means for capturing a count value at a predetermined
instant associated with a respective MPEG-like transport
packet;
10 a formatter, coupled to said source, said means for
capturing a count value and said AVD bus, for assembling
a superpacket including a captured count value and
associated MPEG-like transport packet in mutually
exclusive portions of said superpacket, and applying -said
15 superpacket to said AVD bus.

11. The apparatus set forth in claim 10, further
including:
means, coupled to said AVD bus, for generating a
Frame Clock having active states coincident with said
20 superpackets, and inactive states in the absence of
superpackets, said active states being of constant
duration and said inactive states being of variable
U duration, said Frame Clock for use by respective said
components for detecting said superpackets.

25 12. The apparatus set forth in claim 11, further
including:

a source of playback rate codes coupled to said
formatter and wherein said formatter composes superpackets
including a captured count value, a playback rate code and

30 an associate transport packet in the order recited. '

13. The apparatus set forth in claim 10 wherein one
of said components includes circuitry responsive to said
superpackets comprising: '

a controlled oscillator for providing clock pulses
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sel ecting transport 0 a si e program ang

pay| oads 6PuBE| ¥edue 38 gachanapdr supsrrarketo said buffer menory;

and clock control circuitry, responsive to said count
10  value extracted from the superpacket and captured said

local count value for generating an oscillator control

— signal for application to said controlled oscillator to
condition said controlled oscillator to provide clock
pulses at a desired frequency.

15 1l4. Apparatus for communiéating compressed data,
occurring in a stream of multiplexed transport packets,
amongst component devices, comprising a source of said
transport packets, means for generating timestamps
associated with respective said transport packets, and

20 means for forming a superpacket including said timestamp
and an associated transport packet in mutually exclusive
fields of said superpacket, and applying same to a bus
interconnecting said component devices.

15. The apparatus set forth in claim 14 further
25 including:
a buffer memory; _
an inverse transport processor, coupled to said
source of transport packets and responsive to said stream
of multiplexed transport packets, for selecting transport
30 packets related to a single program, and applying payloads
of selected said transport packets to said buffer memory;
and
respective signal decompression apparatus, coupled to
said buffer memory, for reading selected said payloads
35 form said buffer memory and decompressing program



respective signal deconpression apparatus, coupled to ' :
menory, for reading sel ected said payloads 35 form ahgpéhééw&NﬂBHﬁEV and
Componnt & agsb i&mmmmumn 9. |
conponent s asso ted sai d payl oads. T |
Apparatus for rece|V|ng a* stream 1of sup
ti mestanps and transport packets as described in cIa|n114 conpr|5|ng
5 nmeans for determning the occurrence of said

super packet s; componentsneaasciatedxwiaht sefeatednsatidnpajloadsespecti ve
sai d super packet; and means responsive to a superpacket and
extracted said 10 timestanp for separating a transport packet fromsaid
super packet and pro¥6di nppasabusant ifgin y jTeceivinge a tstaesgwrt of

packet . superpackets, including timestamps and transport packets
as described in claim 14 comprising:
5 means for determining the occurrence of said
superpackets;

means for extracting a timestamp from respective said
superpacket; and
means responsive to a superpacket and extracted said
. 10 timestamp for separating a transport packet from said
o superpacket and providing a substantially jitter £free
transport packet.

\r
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AN AUDIO/VIDEO/DATA COMPONENT SYSTEM BUS

Abstract

A system for interconnecting audio, video and data signals
available in compressed form includes a bus having a plurality of
channels for transmitting signal. A bus interface is located at
respective signal processing devices, which interface includes a
decoder to control the respective interface responsive to control
signal transmitted in one of the channels. Data is transmitted in
the channels in a superpacket structure. Processing devices which
generate signal to be applied to the bus, such as a receiver which
provides MPEG transport packets, include apparatus to form such
superpackets. Respective superpackets include at least a
transport packet-and a timestamp related to the timing of
occurrence of the transport packet. The transport packet. and
timestamp are located in predetermined positions within
respective superpackets.

FIGURE 4



