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10 interconnect a variety of consumer electronic processing devices on a
bus structure, so that signal available at one device may be utilized by
another device connected on the bus. For example audio/video signal
available from a television receiver may be applied to a video cassette
recorder for storage, or the audio from a television receiver may be
15 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.
The signals distributed in these analog bus systems are
relatively self contained. That is they include all the timing information
20 necessary for the respective devices connected to the bus to decode the
respective signals.
' Currently there are a number of compressed audio and
“video transmission systems, such as the Grand Alliance HDTV system '
proposed for terrestrial high definition television broadcasting, or the
25 DirecTV™ gystem which currently broadcasts compressed NTSC signal
via satellite. Both systems transmit program material in transport
packets, and transport packets for different programs and/or program
components may be time division multiplexed in a common frequency
band. Respective packets undergo noise.detection/correction encoding
30 prior to transmission and after reception, and the transport packets are
thereafter reconstituted in a receiver. Recording apparatus (e.g. VCR or

.. video disc) and authoring apparatus (e.g. cameras or camcorders) for
compressed signals, on the other hand, may process the compressed
N signals in the same packet format, however they may not require the

35 same noise processing. As a consequence the conveyance of signal '
between processing components is most conveniently effected in packet
form coupled via a bus. Processing components are coupled to the bus
by bus interfaces which may- provide bi-directional coupling to or from
each processing component. The bus interfaces are coupled to a pair of
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An apparatus for controllably couplmg a source of a
packetxzed signal to a data bus. The apparatus comprises an indicia
generator controllably coupled to the source and receiving therefrom

.. the packetized signal. A switching matrix is controlled responsive to

15 the indicia generator for receiving therefrom the packetized signal for
coupling to the data bus. In responsive to the controllable coupling
from the source, the indicia generator adds an indicia to the packetized

- -gignal and enables the switching matrix for couplrng the packetized
-. slgnal and mdrcra to the data bus. -
20 - - R :

The invention will be descnbed wrth reference to the
following drawings wherein; R
- FIGURE 1 is a block dragram of an jnventive embodiment of
a daisy. chain connection of bus hardware including a number of
25 bus/device interfaces; and :
. FIGURE 2 is a block dragram of a portron of one of the bus
interfaces of FIGURE 1; and o
. FIGURE 3 is a first system block dragram ﬂlustranng a
receiver coupled via a data bus to a source of timing pertubation and
30 and an inventive superpacket restoration block.
FIGURE 4A is a waveform and pictorial representation of
bus superpackets according to a first arrangement, and
FIGURE 4B 111ustrates an alternative superpacket
arrangement; and -
35 . .- FIGURE 5 is a system block d:agram mclndmg a receiver
coupled to a digital recording and replay device and employrng various
inventive embodiments; _
- FIGURES 6 and 7 are block dragrams of apparatus for
forming a superpacket; and :
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10 A simplified nmethod for inter connection is required which
elimnates the requirenent for a master controller to be coupl ed Vi a
bus control conductors to each bus interface. Such a sinplified

inter connection method may. provide automatic coupling of signal

sources to.Si qnabydd tinations, and in addition may prevent POPrUsssotIi
sources utilizing the same bus conductor. The sinplified inter

connection method may utilize a single pair®of bus conductors.
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15 session. Each interface includes an output buffer, OB, for driving a
component device with signal provided by the bus. Each interface
includes an input buffer, IB, for driving the bus with signal provided
from the device component. Both the input and ‘the output buffers are
selectably coupled to the bus via switches which are controlled by a
20 master controller. Thus the direction of 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 which serial
25 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 1llustrated in
FIGURE 2. In this illustration, the AVD bus is presumed to consist of
30 three line pairs or six conductors. All of the line pairs carry bit-serial
signals. Two of the conductors, (the control pair) are consigned to carry
the control signals. Each decoder carries a unique address which
enables individual commands to be delivered to specific interfaces.
Responsive to a control signal directed to the specific interface, the
35 decoder outputs steering signals to the respective demultiplexers 01,
02, 03 and 04. The control signals determine: which of the respective
bus conductors are coupled to the output port OUT, which are in turn
coupled to the output buffer OB; and which of the respective bus
conductors are coupled to the imput port IN, which are in turn coupled
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bus to the signal destination. An indicia generator is coupled to
the signal source and is controllably coupled to the first swi t chi ng
mati x. An indicia . detector is coupled to the data bus ] and g ol
controllably coupled to the second switching matrix. The 5 indicia
gener ator adWOHMOFAdi cia to the packetized signal and PCTSYSOBH s t he
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al ternative dufRd Factecthe A bus 500. A television receiver display 110 is
coupled to IRD 100 and receives at either R.F., or base band video
signals for display. The AVD bus 500 conples control slgnal data and
- two streams of signal format data.
15 In FIGURE 3A 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. ‘In both the MPEG2
video standard and ‘the transport layer of the Grand Alliance signal
20 format, transport packets are associated with timestamps or PCRs which
allow re-synchronization of local system clocks to the original encoder
clock frequency. Hence, having synclironized the local system clock
generator, the transport packets may be processed to remove jitter or
. timing perturbations which may accumulate, for example, during
25 transmission by switched bus structures and processing etc. However,
transport packets may be. subjected to jitter and timing discontinuities
which may not be correctable based on the variable, and specified
intermittent occurrence of timestamps in the transport stream. The
~AVD bus 500 is illustrated coupled to a source of timing pertubation,
30 block 05 which may impart a timing error At to the data streams
' present on the bus. . The source of timing pertubations or jitter may
result from bus switching, bus arbitration, timebase modulation, or
recording and reproduction. AVD bus 500 with, timing error At, is
coupled to block 50 which removes the timing error component, and
35 restores the bus signal components. - :

‘To facilitate the removal of the tumng error At from the AVD
signals, IRD 100 processes transport packets to form a further packet,
designated herein as a superpacket, prior to transmission via AVD bus
500. Each superpacket includes a timestamp, the transport packet and




2 5 arrangenent; and ' FIGURE 5 is a system bl ock di agram

I ncl udi ng a receiver coupled to a digital recording and replay
devi ce and enpl oyi ng various inventive enbodi nents;

FI GURES 6 and 7 are bl ock dlagrans of appar at us for . 30 formng a
super packet ; ?Rﬂw 0579 “AD 97/ 00579 - . PCT/US96/07391
PCT/ US96/ 0739 " 3
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10 and is read and utilized by any recording devices connected to the AVD
- bus. The purpose of the playback rate code is to allow recording at a
 relatively high bit rate and playback at a normal bit rate.
FIGURE 3A depicts an integrated receiver decoder IRD 100
which receives a radio frequency signal from, for example, antenna 10
15 or a cable source, not shown. The RF signal is tuned by tuner 11 to
receive and demodulate a user selected program. The tuner output
packet stream is coupled to. block 12, packet source, which separates
the users specific program transport stream TP from other program
_streams present in the received. packet stream. The transport stream is
20 -coupled to a demultxplexer 13 where a program clock reference PCR
‘value is extracted from the transport stream responmsive to control by a
demultiplexer controller 14. The demultiplexer controller 14 is
controlled to extract the PCR by a packet timing pulse P which is
coincident with and indicates the occurrence of respective transport
25 packets. Packet timing pulse P is derived from the program.transport
stream by packet source 12, The PCR value, which is demuxed by block
13, is coupled for storage by latch 15.
A voltage controlled crystal oscillator 17 operates at a
nominal clock frequency of 27 MHz and is controlled by a clock
30 controller 16. A control signal E is generated responsive to a difference
between the received PCR value, stored in latch 15, and a latched value
derived by countmg VCXO 17 in counter 18 and storing in latch 19.
Thus VCXO 17 is synchromzed by the received PCR value, which in turn
is rcpresentatlve of the clock frequency at the time of encoding. Let the
35 successive timestamp values be desxgnated TSp and TSp4+1. Let
corrcspondmg successive count values, stored in the latch 19 be
des:gnated LCRy and LCRn...; The clock controller 16 reads the
successive values of TS's and LCR's and forms an error signal E
proportlonal to the differences




conmponent device with signal provided by the bus. Each interface

I ncl udes an input buffer, 1B, for driving the bus with signal provided
fromthe device conmponent. Both the input and the output buffers are

sel ectably coupled to the bus via switches which are controlled by a 20
master controller. Thus the direction of applying signal to, or receiving
signal fromWwPRe70e83% nay be determined with a hi gh degree oPCTIUSISOTIN ty.
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t will be noted that the occurrence of transport packets
generated as illustrated for example. in FIGURES 3, 5, 6 and 7 are
15 synchronous with a system clock The system clock was in turn
' synehromzed with to an encoder clock via PCR's located within the
transport stream and derived in packet source 12. The occurrence of
- these transport packets are time’ stamped in cooperanon with the
réceiver synchronous clock, and the respective transport packets are
20 tagged with the tlmestamps ‘before apphcatton to the AVD bus
' The operation of superpacket generator 98 is as follows. A
_tlmestamp TS is formed in latch 20 which captures a counter value
produced by counttng oscillator VCXO 17 in counter 18. The latched
‘counter value represents a frequency of VCXO 17 at an instant of an
25 edge of a frame clock s1gna1 FC. " Txmestamp TS is coupled to block 22
where it is combined with control data, for example playback speed
data PB from controller 23, and a delayed transport packet TP from
delay 21. The formatted superpacket SP is coupled from formatting
block 22, of generator 98, for transm:sslon v1a AVD bus 500 ‘responsive
30 to control by controller 23.
' FIGURE 4A is a pictorial representatlon of a superpacket

signal as conveyed by AVD bus 500. A frame clock is provided on one .
of the bus conductors and may be used to mdlcate the occurrence or
presence of a superpacket on another of the AVD bus conductors. When .

35 frame clock FC is in a hlgh state, a snperpacket is framed within and
coincident with the }ugh state. The high state or active mterval of the
frame clock is of constant duration for all packets, and in this example
is equal to the duratmn of 191 eight bxt bytes These 191 bytes are
divided between a 20-bit ttmestamp, a 4-bit playback rate code and a
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4 to the input buffer IB;, and which of the conductors wll transit

t he interface between right and left input/output ports. The use of
denul ti pl exers allows the dai sy chain connection between conponents

to be broken, vp@w ng i ndépendent conmuni cations$ between Pér,usgmanents
on either si de of the break while enployi n%he sane - conduct ors.
Consequently a gqreater nunber of unique co ni cati ons may be
performed wi t h1§&hyte doandporbpacket.t hif lausramsportt packet is less than 188-bytes
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jitter and 5i rrargespoado with ugqpseg'esultmg from deleted or non-selected elemental
streams. These variable periods of inactivity may provide considerable
flexibility in the formanon of superpackets.
Tlmestamps are. samples. of counts from a system clock
oscillator which is assumed to run.stably, without perturbation. Hence °
20 timestamp values, or 'oscilla;or_ samples, may be communicated for °
oscillator synchronization. Differences between adjacent timestamps
values represent an elapsed number of oscillator cycles, which may
alternatively be considered to represent an eclapsed time interval.
However, if the elapsed time interval between timestamps is disturbed
25 or perturbed, ie. the occurrence, or spacing between timestamps is not
the same as when encoded, the timestamp values can not be used to
control or synchronize a :":ecei_vi_ng" node oscillator.
FIGURE 3B illustrates in simplified form, processing
. employed within superpacket restoration block 50 which utilizes
30 suoperpacket timestamp values to remove timing error At impressed, for
example, on signals coupled from AVD bus 500. The operation of
superpacket .restoration block 50 is as follows. The AVD- bus 500 is
received by interface switch apparatus 102 which is enabled, by a
control signal on control conductors of bus 500. The superpacket signal
35 with time perturbations SP+At, is coupled from the data bus to a
demultiplexer DEMUX 52 which reads the timestamp from the
superpacket. The superpacket slgnal is also coupled to a buffer store
STORE S. PACK 51, which is controlled to store the superpacket
responsive to a frame cl'ock. signal FC derived from the control




whi ch may not be correctabl e based on the variable, and specified )
intermttent occurrence of tinmestanps in the transport stream The AVD
bus 500 is illustrated coupled to a source of timng pertubation, 30 bl ock
05 which may inpart a timng error At to the data streans - present on
t he bus...The source of timng pertubations or jitter may result from -
bus swi t chi nwodesrar bitration, tinebase nodul ation, or PCTUS® ¥ ng and
reproduction. AVD bus 500 with, timng ergor At, is ' coupl ed to -bl ock

50 which the t onmpanent, res the hus
si gna: Cco;rggméﬂﬁgctmes oAV s °506. %ﬁﬁ‘n?@ﬁdsefm% aré & 1Iref TYBRINg; i ng
error At frorfrequengymnd has gingeutpnt sigmah GK pvhnchsmeeoupledsm buffencstetes t o

forma furthey Bﬁ&h@tcounter ﬁes'm%@rh@fﬁ P Cidet i uﬁes ngil ort;o
tho.tr anspor EIOSISREY whlih is fairly” clos fa, gt iedyency of tie system clock 1n”
PCT/ US96/ §73%he encoder ‘The count value CTR of counter 53 dnd the dermﬂﬁptexed
data area Whighe. TS, y k

enbodi nent s kaecé':%lgﬂdfgﬁ% bﬁ%s&?@%ﬁé&q&%lg anp 1’s a'tlrmng
code which |?5a s rgaaf controllcs compstes the separatg eﬁm&F@Bp\é”éﬂ?lWl

i nstant, for thednge eunpingt bmlﬂatnrr count; ankd at foodmdeﬁce (yenehtwlasﬁead}'{'l@r
i er
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pl ayback at 8 %dg gﬁ;‘ °§b Quépyt sbftﬁ% 'Feés engunemaslsett (;esponsxmgtt@r ﬁhﬁhe t he
rate at whi ceontrphrsigmall arInsiaddition tot re-baab&slﬂhﬂeshpvrpacket start time, the
superpacket bit rate: is restored by clock stgnals CK derived from
oscillator 54. Thus, by means of the superpacket timestamp and the
stable, free running osctllator, the timing error At js removed and the
15 timed occurrence of each superpacket SP is restored to occur at
~ “substantially the same time as when formatted by generator 98 of IRD
100. Since the superpacket is clocked out by a clock signal from
oscillator 54, the superpacket has substantlally the same bit rate as
when formatted. ‘Hence, since the superpacket occurrence and duration’
20 are restored to nommally the formatted values, thus too are the
~ variable length, mtervemng gaps The restored superpacket SP may be
returned to AVD bus 500. for re-transmtsslon to other bus interface
switches beyond the the source of ttmmg pertubatxon, or superpacket

25 restoration block 50 forms part.

- In general, recordmg systems rely on srgnal presence or
absence to provide an elementary level of - srgnal ‘loss detection.
Additionally, contmuous signal presence, partrcularly in a digital
- recording system is advantageous for data clock recovery. Since

' 30 magnetic recording’ systems are subject to raqdom signal losses of
variable, and unpredictable duration, it is benéficial to employ a record
signal having a constant bit or clock rate. Thus ‘with such a recorded
signal, periods of missing data may be constdered representative of

- recordmg media losses.

35  In FIGURE 5 bus interface 102 accepts bursts of
superpackets from bus 500. The superpackets are coupled to signal
sorter 202 which contains demultlplexer 30 for separatrng or reading
the constituent parts of ‘the superpacket In the exemplary system of
FIGURE 3, superpackets, rather than transport packets are recorded on



pl ayed back. The playback rate is coded relative to the recording rate 10
and is read and utilized by any recordi ng devi ces connected to the AVD
bus. The purpose of the playback rate code is to allow recording at a
relatively high bit rate and playback at a nornal bit rate.

FI GURE 3A depi I nt egraéted recei ver decoder I'RD 100 P%@.ﬁm
recei ves a ra(ﬁ%%g’auency signal from for exanple, antenna or a

cabl e source, not shown. The RF signal is lined by tuner 11 to receive
and denodul at eregording meidéa1405. pr %easnperifhﬂ:ets;nw‘itln&aphble lengmacghpﬁ are
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VCXO 17 in cougysy Ngs ' Musith block 282 e Bulfered
synchroni zed Dy nens i %E?&gi R may, erﬁgrea%ﬁmpmfw Baroat iSync, Block 28%

representativ
successivd §i nhsisaknowal wsﬂﬁﬂdeot Qﬂ&i‘hdvé' Sdmrgnéﬂdo'rﬂc@fdxhﬁ te*tmitigate

correspondi ng

desi gngt ed LCRIZS':E &mﬂ\ﬁ%The conProF‘f ﬁc%%”@?% frrars

successi ve val frepga - LCRhe: %hﬂf Qﬁrﬂ!’ mteﬂpﬂmgsngm| eccarried out
-over the period of a recorded segment,:i.e.~a head scan, or an average

picture interval. In addition to shuffling: the data- ‘may formatted by
20 Format Sync Block 283, to produce sync blocks having a data structure
which may comprise a preamble or sync word identifying the start of
the track, an identification code, the data to be recorded (superpacket)
and a postamble. : :
Error- coded, shufﬂed and syncblock formatted data may be
25 further processed for record coding, in an embodiment illustrated as
record block REC. CODE 284. Record coding may be used to reduce or
eliminate any DC components in the data stream, and may also be used
to tailor- the recorded frequency spectrum of the processed superpacket
signal. | | o
30 The replay process performs the inverse of the record mode
signal processing. The replay signal is code converted in block REC.
DECODE 271, to restore the error coded, shuffled formatted:data signal.
The start of the data track is identified by the sync -word and the data is
clocked into a memory, represented by DEFORMAT SYNC BLOCK 272, to
35 enable deformatting of the recorded shuffled structure. The memory of
block 272 is read out in a manner complementary to that employed for
shuffling prior to recording. Thus by shuffling and deshuffling, media
derived errors are dispersed throughout the data contained in the
recorded sector or track. Following deshuffling the data is error

v’m
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E=> | TS[err] - TS[err]| - |LCRerr] - LCRerr]]| The error signal E,
is applied as a control signal to condition the voltage control |l ed
oscillator 17 to produce a frequency equal to the frequency of the
syst em cl ockwbroogessi ch t he PCRs were encoded. The error BCT/USYHIRN E
produced by the clock controller 16 nay bggi n the formof a pul.se

h I | d n al o Lror
i gnal by S&Sﬁfgééﬁ??‘m%?ﬁ%% . AP, Reed: plbiar gade added
systemare t unngheemrmmcgsmgeaaﬂugnoumnttdmssmam 40hnfiom replay
encoder, decejtenitend27 eeepﬂs%éntsc ! bifTBrede ¥R é\?iﬁ?@f‘%é&'in ey e}]:@rated

I 'tipl th that the no uenc frg
\r/ncJ)I tegeeiont Bgeﬁé‘a(%%‘fff?ra%# be" PEEVFY B 89@" osl'bh? FRY 9“'8 ENhe
syst em cldckdecodenc24mafodBD 100, the buffered suléjtpwkjm reit(g.gjdl limt blobkl :
occurrence oasgrzwsmgé dlggéi?t Eepresentgﬂiée'iﬁﬁ ﬁ ugt%g %ﬁrﬁxﬁﬂ? e,
FI GURES 3 hr.onous
!sgst em cl ockdﬁﬁg Wn"?d"ﬁ glifemmﬁ%nirfm%m Byt RQn @Qcpeier tol ock via
PCR s | ocat eteoordinign t@peration iof asupeypacket r seatoration deiréniad 4500 #¢ samilapur ce

Soapar s 3 (B inFLOUIS 5l iRl ARG,
transp orkt a& e?%"‘ etgr and tlmestamp synchromzauon
FIGURE 5 illustrates an exemplary utilization of timestamps
for synchronization and timing purposes in digital recorder- 400. In a
record mode, superpackets from one conductor of AVD bus 500 are
coupled via interface switch 102 to signal sorter 202. ' The frame clock
15 signal FC present on another AVD bus conductor is applied to a second
input of sorter 202. An edge detector, 31, detects the transition of the
frame clock signal FC which defines the start of the active frame clock
interval, and responsive to such detection, captures in a latch 35 the
. count exhibited by a counter 36. Counter 36 counts pulses from a
20 voltage controlled oscillator 37 which has a nominal free running
frequency close to.the frequency used to generate the superpacket
timestamps. :
Simultaneously w1th capturing the count value in latch 35,
- the edge detector 31 alerts demultiplexer controller 33 to provide a
25 sequence of control signals for controlling demultiplexer DEMUX 30 to
separate the components of the superpacket. The timestamp contained
in the superpacket is separated and stored in a memory 32, for access
by a clock controller 39. Depending upon the form of signal the
. recorder is arranged to handle, DEMUX 30 may be designed to provide
30 the signal in a variety of formats. That is, it may provide the
superpacket in toto, as illustrated in FIGURES 4A, 4B, for buffering and
recording as shown in FIGURE 5. Alternatively DEMUX 30 may be
arranged to provide the playback rate code PB on one port which is
accessed by the recorder comtrol circuitry 29. Transport packets may
35 ©be provided at another port as an alternative signal for coupling to
record buffer circuitry 281.
The clock controller -includes ‘apparatus for storing
successive values ‘latched in latch 35 and -successive timestamp values
stored in MEMORY 32. 'Let the successive timestamp values be

-



20 iagged wi th the tinestanps bef or e application to the AVD bus.

The operation of superpacket generator 98 is as follows. A timestanp
TS is fornmed in latch 20 which captures a counter val ue produced by
counting oscillator VCXO 17 i.n counter 18. The | atched counter val ue .
represents a %ﬁ%y of VCXO 17 at an instant of ‘ah 25 ed gerRbes7igi aNe
cl ock signal &@" stanp TS is coupled t | ock 22 where It is

conbined with control _data, .for_exanple pI ack speed data PB friom
control | er 23,designatedcTSpcand EShmyor tLefacamespomding rsuccessive | coung Ivaltes:

formatted supestorsdkii thd latthcds Bededil EIOLGRT,.tan!J LCRa+ P! Crife 3?0c of
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control l er 23.
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er o

occurrence or e S packet n anot he A
conduet ors. WiGH® g&fﬁgﬂgﬁﬁkaﬁqé & f £o ﬂﬁ'ﬂ}l clo gow g@& ftpge
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transport packet. tTansport packet 1s’less
components.

The constraints on this system are that the counters at each
end of the system, namely encoder, decoder and recorder, count the
15 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 in the encoder. .
It will be noted: that the .occurrence of transport packets
generated as illustrated in FIGURES 3, 5 and 6, for example, are
20 synchronous with a system clock. The system clock was in tumn
synchronized with to an encoder clock via PCR's located within the
transport stream and derived in packet source 12. The occurrence of
these transport packets are time stamped in cooperation with the
receiver synchronous clock, and the respective transport packets are
25 tagged with the timestamps before application to the AVD bus. At the
recorder interface to the AVD bus, the recorder may record the
superpacket and may utilize the timestamps to gemerate a recorder
system clock which is synchronous W1th the transport packet and the
receiver system clock. _
30 ¥ERx ~ Timestamps are samples of counts from a system clock
~ oscillator which is assumed to run stably, ‘without perturbation. Hence
timestamp values, or osc_illatOr samples, may be communicated for
oscillator synchronization. Differences between adjacent txmestamps
values represent an elapsed number of oscillator cycles, which may also.
35 be considered to represent an elapsed time interval. When digital
recorder 400 replays ‘a recorded srgna] from media 405 VCXO 37 may
not be controlled in response to reproduced timestamps. Control of
oscillator 37 ‘is not poss1__ble ‘because, although timestamps represent
numeric values sampled from 'a_. stable oscillator, the elapsed time




it is loaded in the |eading part of the transport packet portion of the
superpacket. FIGURE 4A illustrates a first sequence where the first 20
bits of data represent the tinestanp, the second 4 bits represent the 5
pl ayback rate code and the final 188-bytes conprise the transport
packet. FIGURE 4B’illustrates a second superpacket arrangenent where

the first sapoensdreconprises 12 bits of reserved data, for 91

pl ayback rate code, the second 20 bits ripiesent the tinestanp. The-
final portion of the superpacket conpris the transport packet. The 10
super packet intervah mepresented by adiacenti timestamp waliesy ngapmlamﬁeufe thee
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FI GURE 3B.i I?éuusét}& €S- |°2 % i) eg‘- orrr:ngfﬁogﬂggghong.G decodFr ed within
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| ' Superpacket sxgnal 401 may be advantageously restored or
‘feformatted by ut:hzmg the umestamps added to ‘each superpacket
20 Signal 401 is coupled to demuluplexer 452 where the timestamps are
" extracted or cop:ed and coupled to demuluplexer control block 451.
' -'Txmestamps may be demuluplexed by, for example, countmg data bits
based on the superpacket structures lllustrated in FIGURES 4A and 4B,
~ and knowing where the start of replay data ‘occurs based on the format
25 of the recorded syncblock and assoclated sync word. Alternatxvely,
during superpacket buffenng, shown in block 28, a txmestamp identifier
may be added to provxde 1dent1ficatxon durmg reprodncuon The
- demultiplexer control compares the replayed timestamp value with a
continuously ehangmg counter value produced by counter 36 counting
30 free running osclllator 37 When the value of counter 36 and the
| demultiplexed timestamp are equal, demux control 451 signals the start
~ time of the replayed superpacket. ‘Thus the encoded start time of the
superpacket is restored. ‘In addmon to re-estabhslung superpacket
- start time, the b1t rate of the superpacket must also be restored. To
35 enable superpacket restoratlon, block 453 may compnse a storage
B buffer coupled to receive replayed s1gnal 401. ' Superpacket restoration
block 453 is clocked by pulses from osclllator 37 thus each buffered
superpacket is read out when osclllator 37 count value equals the
timestamp value. Hence, the begmmng of each superpacket is restored




super packet restoration block 50 is as follows. The AVD bus 500 is

received by interface switch apparatus 102 which is enabled, by a

control signal on control conductors of bus 500. The superpacket signal 35

with tinme perturbations SP+[err]t, is coupled fromthe data bus to a

demul tipl exer JEMBA2 Which:reads the tinmestanp fromthe PCTRUSPEU7IACK et .
The superpacket Signhal is also coupled to agguffer store STORE S. PACK
51, which is controlled to store the superpaCket responsive to a franme
cl ock signal Fto ®SPUn &4 theosame coscillatos| count as when formtesd dysblock 22.
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whi CQ is fT ff’ r | yupdrpackets aree aiwq'eewgu%.gf '%mgngué}] ﬁﬁghﬂﬁﬂi itf."g( ort! Hackets
encoder TS By "GH felralhns SURICTs3 oL iobipti) 4 ey and
55. The read fxeat pbineeerdesnderived timing pdiscontinvitiess andpperturbationsh The
ook sont o LS Wk e abich SOUIERISRYIE IS By iy
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control silfal 1021in EIGURB S is iHustrated tini a (records upedepeohdition)art time, the
superpacket bit rate is RéRhIEtPFIGURE 631 & Takhef meffolV6f dentfiting
superpackets is illustrated and will be described. In this example a
camera 40 generates a video signal. This video signal is compressed in
an MPEG encoder 41, and packaged in transport packets by the
15 . transport processor 42. The MPEG encoder 41 in cooperation: with a
system clock 45 and a modulo M counter 43, includes presentation
timestamps in the compressed video signal. . The .transport processor 42,
also in cooperation with the modulo M counter 43, includes program
clock references in ones of the transport packets. The transport
20 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.
Successive transport packets are delayed in a compensating
delay element 50, and then applied to a superpacket formatter 47. At
25 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 formatter 47. In addition a playback rate control code, PB, is
applied from a system controller 46 to the superpacket formatter. In
this example it is presumed that the camera is operating at real time
30 and at normal speed, hence the playback rate code will reflect a
playback speed equivalent to recording speed. However, the camera
may operate at a higher than normal imaging rate, for example, 90
images per second. Such high rate image signals may be used to
portray image movement in slow or variable motion, hence the desired
35 viewing speed may be communicated by the playback rate control code.
For example a playback rate of 1/3 will portray image motion at one
third speed. The speed of camera action is controlled by a user input
48, which may define a number of variable coding and compression
parameters. '



oscillator 54. Thus, by nmeans of the superpacket tinestanp and the .
stable, free running oscillator, the timng error [err]t is renoved and the
15 timed occurrence of each superpacket SP is restored to occur at
substantially the same tine as when formatted by generator 98 of IRD
100. Since the superpacket is clocked out by a clock signal from

oscill ator Woetesrssuper packet has substantially the sane

when formatted. Hence, since the superpdoket occurrence and duratlon 20
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packets are 4G generatesn frame clock signal F ﬁnch is coincident with the
15 superpacket and which is applied to a- second ‘conductor of the AVD bus
- at interface 49. If controller 46 is the overall system controller, it will
generate control signals which are applied to the control pair. User
.control 48 may provide signal selection and direction. If controller 46
is-not the system controller, the only mteracnon with the mterface will -
20 be generation of the frame clock in this example
: FIGURE 7 illustrates a further cxample of a superpacket
generator. In FIGURE 7 elements designated with the same nambers as
. elements in FIGURE 6 are similar and perform the same function.
Transmitted transport: packets are received by a modem and error
25 corrected by a Reed Solomon decoder:of the packet source 51.- The
packet source generates outputs pulses P, which' are coincident with and
indicate the occurrence of respective transport packets. The pulses P
and the transport packets are applied to an inverse transport processor
'53. In this example it is assumed that the signal applied to the packet
30 source contains time division multiplexed packets pertaining to
different programs and different program compdne'nts.' Respective
packets contain program identifiers, PID's, by -'Wh_ich they are associated
with respective programs or program 'componenté.' The transport
processor is conditioned to select only packets associated with a desired
35 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 buffer memory.
As respective program component processors 55, 56, 57 and 58 require
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9 recordi ng nmedia 405. The superpackets, with variable | ength gaps,
are coupled to a data buffer 281 which forns part of recording
circuitry 28. Data buffer 281 and associated circuitry may be cl ocked

with signals woongefe ved from a sync generator 99:Sync genecausss/@®imay
be 5 synchronized by clock signals gener atg by a stable, .VCXO cl ock

generator 37. Cl ock generataor.. 37 y be synchroni zed to the
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and a postanbl the count value exhibitelr byrtheocwmuhters wiién deﬁtsé Pyoédﬁir@Ck
formatted datawHBy A start of a mew transport. packet is output by the packet
15 source, is captured by latch 44 responsive to pulse P. This latched
count value is utilized as a timestamp. In addition, the associated
‘transport packet is applied to a:compensating delay element 50. The
‘delayed transport packet. from-element. 50, :the counter value or
timestamp from latch 44, and . a:playback rate code from a controller
20 460 are applied to respective input ports of a superpacket formatter 47.
The controller 460, under user control 48, communicates
with the inverse tramsport processor to designate which program
transport packets are to be packaged in superpackets. On the
occurrence of respective transport packets, the inverse tramsport
25 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 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
30 the first two data elements of the superpacket but also the time
required of the inverse: processor to ascertain that a packet is the one
which is desired. o ' .
In the foregoing examples the tnnestamp is generated at the
occurrence of a transport packet. - Alternatively timestamps may be
35 generated relative to the timing of generation of the superpacket. That
is, the timestamp may define the instant a superpacket is to be output,
or the instant assembly of the superpacket begins. In these instances
the time stamp will generally be related to the leading edge of the
Frame Clock, though it may not define the timing of this transition. The




25 further processed for record coding, in an enbodinent illustrated as
record bl ock REC. CODE 284. Record coding nay be used to reduce or

el imnate any DC conponents in the data stream and may al so be used

to tailor the recorded frequency spectrum of the processed superpacket

signal.” 30 : The replay process perforns the inverse of the
record node wo9omoestgnal processing. The replay signal is cBOBUSM®Eted in
bl ock REC. DECODE 271, to restore thk6error coded, shuffled_ :
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li(l.:)n(c)f e{ he%ufﬁ%@ﬁgﬁ ket ﬁaqﬁ gwesﬁes Ore@ﬁ?%bﬁﬁ'ggyafér tﬂ% ng inning °f
an active BortP on of the frame clock until the 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 6 and 7
. may be conditioned to capture count values: by either the formatters. 47
15. or the controllers 46 or 460 respectively.

: A second exemplary audio-video-data AVD bus system is
1llustrated in FIGURE 8.  This second exemplary 'AVD system employs a
snnphfied daisy chained bus 501 for couplmg between an IRD 100,
digital recorder 400 and a display 110. This simplified bus has only

20 two conductor pairs A/B with switch control logic C incorporated at each

. interface switch' matrix 1017102. The switch control logic C monitors in

- conjunction with detectors 401, 402, 403, 404, the state of each pair of
"bus 501 and in response to user selected status, for example, playback
or record modes, automatically determines an - appropriate signal

25 routing via bus 501. In simple terms, the switch control logic ensures
that sources of signals are only coupled to sngnal destinations, for
example input terminal 499 of recorder 400, and that only one signal
source at a time is coupled to a bus pair. The presence of a data signal
on a bus pair is indicated by an indicia Vs. When indicia Vs is detected

30 a control signal DP is coupled to the switch comtrol logic to prevent two
signals attempting to occupy the data bus. Indicia Vs may be
generated, as shown in exemplary FIGURE 9, by element 405 and may
be detected by element 401. o

FIGURE 9 illustrates a data bus tramsmitter and receiver

35 employing an inventive bus status indicator and detector. Ones of the
inventive transmitter circuit are coupled to each input of the interface
switch. Ones of the inventive recexverldetector circuitry are coupled to
each bus line coupled to the interface switch. The theory and operation
of balanced line driving and reception techniques is well known. The

d|n-



453, to nore cl osel y represent the timng and intermttent or burst |ike
delivery of the superpackets as formatted by IRD 100 prior to

recording. Operation of superpacket restoration circuitry 450 is simlar
to that shown in FIGURE 3B and is described foll ovm ng t he expl anation 10

of oscillat Orvﬁf‘ﬂmﬁéiFESt amp='synchr oni zat i on. ks rEL/GSER7M
illustrates an exenplary utilization of ti rrestarrps for synchronization
and timng purposes in digital recorder. 47 In a - record node,

super packets fifvenfive aadindieia Otfran% 5%5%%0;11?4 Sdr% r 807 'Eﬂh éatgf o

interface swt 102 to si gnal sor
present on ano ;\\ E%ﬂﬂuﬁ? PE ﬁ’pﬂ"i"%ﬁ‘“f%aa cmge ata, Apdiciaf
sorter 202. AnVGdgqllaléyemmreachlc:onﬂno!ot oftthe busipuit iwithofeféfece to franme

cl ock -si gnal FEONHS ! Aokl RRBIVIHE 18 0ba0 thé 'refliceY B '1hé Fark Hllia v is

tect
count " exhi o1t AEIBE80" B AR oindiia dsiscion, Bk ceAmPle poreluer rdesprter 403,
vol t age cont r owhich formd ppartoof Sivxwh cbnlnoblagmom nJhukréhe pm&mof a data
I 0 € p
] s anys | 0 gndl ' indicSRHER6Y (stBan i S BE AL RORERRRETAee syireh.

in latch 35, Mmatrigne. edge det ector 31 al erts demul t i pI exer controller 33
to providé a 25 sequenda BIGURE 90k ﬁnglwiﬁxéiw tﬁﬁﬁlhit@ér' 408 eghtvm P! exer

DEMUX 30 f NASof The ti starrp
cont ai ned 10 °°“r?i€‘ﬁ% erggtc £éﬁa‘s‘lép 3?%‘@8%?@( f@awexefa 358
for access emplp yan&@skl%mtm |contead mgmmqulrapothal!hmfmdmmf si gnal
brovi de 30 L hesianer o Mclldbd o 16 dsoltuidd wih ch. Bordlble vty t*‘@.“fd% < he
n

et packet | niditid" Banbditer H0S° chmiprises 4 raitabed mities, followes |04 w
recording as slsoconpledlaq@mr; im?jﬁeachr omduc&bn/of)ﬂlﬂg%( E";'Eiy ﬂetranmstoﬂr%ﬁnged
to providggh ﬁii £34s ﬁaﬁﬁltﬁﬁ ugled $¢° 'of' emitter 6@%{5 %
At b g S il ol 0

: trans1stor Q1 via a resistor RS. -The: mdncla control signal may be

generated, or derived from' control logic in response to a device
operating- mode command, for example, initiation of Play mode in a
20 digital player recorder. In an exemplary Play mode, a logical low or
- - nominally zero volt signal is applied to resistor R5 from control logic
- 410. The nominally zero volt signal turns off transistor Q1 which allows
the base terminal of tramsistor Q2 to assume a potential of
approximately 1.6 volts, determined by the series combination of
25 resistors R6, R7 and diode D1. The emitter follower action of transistor
Q2 results in an emitter voltage Vs, of approximately 1 volt, which is
applied the data bus conductors via resistors R1 and R2. In non-replay
modes a logical high or nominally 5 volt signal is generated by logic 410
- and applied to resistor RS. The nominally 5 volt signal, coupled via
30 resistor RS, turns on tramsistor Q1 which clamps the base terminal of
‘transistor Q2 to ground. Thus transistor Q2 is tumed off and no indicia
. ~ or sensing voltage Vs is generated.
A single indicia detector 403 is shown in FIGURE 9 coupled
to a bus pair A of data bus 501. . However, a system employing the
35 inventive control method requires that an indicia detector is provided
for each data bus pair coupled to a switch matrix. Indicia detector 403
comprises a balancing network :formed by resistors R3 and R4 coupled
from each bus line to a parallel combination of a resistor R14- and a
capacitor C2 connected to ground. Resistors R11 and R12. are connected




record buffer circuitry 281."° | The clock controller includes

apparatus for storing successive values |atched in latch 35 and
successi ve tinmestanp val ues stored in MEMORY 32. Let the successive
ti mestanp val ues be WO 97/ 00579

PCT/ US96/.07391 desi nat ed
TS[err] and WOi9522 Let correspondi ng successive count vaF’ Istored’

in the latch 35 be desi gnat ed LCR[ err} anpg:c_CR[Serr] OITjk_l(e:RcI ockOI ]‘

troller 3 ues of TS s.an s and forns an
7L G B R I AL ol i o LR
| TS[err] - TSF&N‘] pomppm:{ amplifien §F.cr An lnverunghmmttrof intagratedE, s
appl : Iedt as . gcﬁ@ﬂitr Ul & eaﬂiedtai anﬂlmcoﬁofehﬁgl\/ ﬂ]‘;éa?e fardned }éﬁétbf‘sd 8
osci |l | ator
system cI ockgﬁnat R‘B ﬁfﬁdﬁgeﬁ%@s q'?nﬂ?&ﬁe @%t”é@ e}atmg aeY‘PlEﬁfge
signal E $ro@ c@!’ubﬁ 8 heolts. ocwhcnrdatalmdtcmWsms' ahsenmthdﬁdafa)bus(ﬁtslﬁl a
pul se wi dth Woshihall cgrauﬁuaén zemqhﬂ TPotofidl end% deﬁﬁﬁalnxgn

st

error signal By /By £"Ep184- Fia ok assl{p’[l'staﬁh }éeevnfkg@"ﬂtfﬁag the

conponent s.
cogﬁters at inpnt of IC Bid JhushMIﬁyszemnvolnnapgheﬂnwdhe noisixmimin ridput

recorder, CORRd ahevéﬁs%mﬁeﬁrﬁﬂ!ﬁ@%\r&h di“thfe' ?aﬁ’i‘ BERRRN, of St

h h
| 10" hsdues 7 o omgnally SIORES pateaialc, When at isdisie Vo ds i n t he
e .

encoder . present data bus is nominally 1 volt positive relative to ground
potential. The +1 volt DC indicia signal applled to the. non-xnvemng
~input of IC Ul causes the- output terminal to assume a high, nominally
supply rail potential.. Thus integrated circuit UI._ output signal DP
15 indicates a data bus signal presence with a htgh level signal and a data
bus signal absence with a low level output signal.
L TABLE 1 illustrates an. advantageous automated interface
§witch apparatus controllet associated with a- d1g1tal recorder, for
example, D-VHS. The recorder mode is determined by user command,
20 for example by manual switch operation or IR" "remote control. Control
logic associated with the interface switch apparatus and digital recorder
determine the user desired mode and establish ‘connection between the
appropriate exemplary D-VHS - input or output termmal and an
_ appropriate bus conductor. : .
- 25 TABLEL DIGITAL PLAYER/ RECORDER AUTO SWITCHING MATRIX

~ REOORD.

Operauon of the automated mterface ‘switch apparatus is as follows. For
example, upon selection of a replay mode, ‘transmitter 405 circuitry of

30 FIGURE 8 is enabled and DC sensing voltage indicia Vs is applied to the
output of a bus driver amplifier (not shown). Indicia detectors



It will be noted that the occurrence -of ‘transport packets generated as
illustrated in FIGURES 3, 5 and 6, for exanple, are 20 synchronous with a

system cl ock. The systemclock was in turn synchroni zed with to an
encoder clock via PCR's located within the tr_gnsport stream and _
derived in pagkgi,e@y ce 12.7 The occurrence of ‘these tr gsRRoioBRCKet S
are time stanped in cooperation with the recel ver synchronous cl ock,

and the respective transport packets are 25 ?ged with the tinestanps
bef ore appl i caf0bi402o asseciated pwith eontrek loglc of ethier dutomated: finteeface switch

A reot Srips o 108 deterime r‘w’é‘éﬁém or_Shisies ¢EaKCndia N9 off b 3‘?"8&2"‘
timestanps to rde

with thgpt ransgf):ﬁ ”&fﬁ@f lgn e, fatput repfa& ‘g ge“ﬂdﬁ 8cYo é?

Ti mestanps ar e wdelplever dusclinetis HQtomemgostlmhzedon&. has nooﬂﬁldenb‘mg vvh| ch
i s assumed 30 ¥Yltagé qhbsentvust BEthtélFratddr ﬁrbﬂﬁn bf‘ea?gﬁal DP. !‘THES '@

val ues, or oscil].at e. CO cat Qscl [ I at or
synchroni zat i offseiE i@é@éb& \*féﬂ‘ errp;qmggcorder igalimea replay

represent an emedndll,bltﬁelsms GSCOAG asignifying ee, signals) aseypresent 30 eitber

?Zﬂilé’iieioéﬂ‘éﬁj’é&ﬁ?’gﬁ %?‘é‘é zﬂo 6 playcidl; Yor epamle D,
|

=J

be controlled . Control of

oscillatorl®7 is not podfi digttabephyeflrecdrdé_lowm s roonteolied topassuad a

numeric val uesraiiil! fifbde’ B Zautbtidtéd Aidrradt Ywitdh appafatas ‘rdddfons as
follows. The control logic associated with the automated interface
switch 102 determines the presence or absence of a data indicia Vs on
bus line A or B, as an indicator of data signal presence. Thus in TABLE

15 1, bus status 1/0 indicates that a data signal is present on bus A and
this data signal is connected to a recordmg input 499 of the exemplary
D-VHS digital recorder. Similarly, if the data signal indicia is present on
bus B, the automated coupling: connects -the recording input to bus B.

~ An inventive aspect.of the automated interface switch

20 apparatus occurs when a record mode is selected for the digital

' player/recorder but data signals are not present on either bus A or B,
i.e. bus status 0/0. A condition such as described may occur when the
transmission of the specific program selected for recording is delayed.
Under this condition TABLE 1 indicates a WAIT or record paused

25 condition is applied to the recorder. The control logic associated with

~ the automated -interface switch may inhibit initiation of the user
- selected record mode until a data signal indicia Vs is detected on either
bus conductor and exemplary control signal DP assumes a logical high
‘state. The detected data indicia Vs controls coupling of data to the

30 recording input, for example 499, and in addition may enable initiation
of the pre-selected record mode. Thus, the advantageous control logic
and data 1nd1c1a prevents unnecessary consumption of recording media
and ensures the desired program is recorded without the use of a
separate control bus or IR blaster. "

35 A third exemplary audio-video-data AVD bus system is
illustrated in FIGURE 10. FIGURE 10 shows a simplified single pair
daisy chained bus which couples between a digital recorder 400, IRD or
DSS receiver 100 and display 110. Advantageous automated controllers
C are coupled to interface switch apparatus 102 associated with a digital
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12 interval represented by adjacent tinestanp values is violated if
t he reproduced occurrence, or spacing between ti-nestanps is not the
samne as when encoded. Such reproduced timng differences nay, for

exanpl e, result fromrecorder input buffering, data snoothing,
reproduci ng wexdTmes?em instabilities, and transducer sw tcmé’s“’“’”l
Hence when digital recorder 400 repl ays, 90| | ator VCXO 37 free runs,

driving SYNC r@Eskdeft 40 ﬁ)rwgkﬁﬁgm (ﬁl g rﬁdﬁ&@? .S tugrlbf)
Vexo giraﬁci‘a??ééé“@ éwo ivers 1007 wd.display of Wi TABLE ZH;BBE i

t he buf f er ed antgmatedc frtctionsi off controllerpGt ofisintérfiive! switth HO1eabeiated . '

equi re L pat superp@éﬁgﬁﬁéﬁénﬁ#"%ﬁﬁsﬁ@r@ﬁﬁ% RaAEpIY .Y sigral

r epr esent>t hEOUIGH @ig Jfor eexamplas D-OFHS: ¢ SBhdyreceiver
gener?tor 98 nedde Fi’Ddétermineda lusaﬂcoﬁhﬁ&nwgfbr'% gcr ngr.%llﬁnr?l SW ;Jch
specificatio | i ang

replay si gna?’iproc gﬁarraé%&#r%tngg &ﬁﬁﬁené&b‘g?lt He AV he

cl ock™ synchr &aptrall penthnutnytfdata ©aRIc receivs dataj&muethe smgle pair bus A.
Super packet Qaogntrd] Mgicf@somtﬁﬁ\ﬁihaﬁﬁoiﬁbbfaé@%w aratus drﬁf% ted

by util superpa 1
coupl ed 10" Btk iR, Hie Shutr” aBAFH JBG, DR eptabiian Sopierion or
copi ed and cbawm thilsdéﬁndwtpreAelandother @ppmp:me 4iput or oufputtermiml may
be demul ti pl gfefeceiverl P0£xanpl e, counting data bits based on the

where the st WT ﬁﬁié@?ﬁﬁ@éﬁﬁfﬁrﬁ@??o?% 25 of the

super packet bup
be added to prp
demul ti pl exer

Operation . of the automated mterface switch apparatus is as follows. For
example, the user determines that the receiver will receive and output
a specific program data stream. The control l__ogxc associated with
automated interface switch 101, of receiver, 100 determines the
20 presence or absence of a data S1gnal indicia, for example the DC sensing
voltage Vs, on bus line A. Exemplary indicia detectors 401, 403 detect
the presence of indicia Vs and generate a control signal DP which is
coupled to the control logic of interface switch:101. An absence of an
indicia on bus line A indicates that digital recorder/player 400 is not
- 25 outputting data and consequently bus line A 'is available for :
transmission of receiver 100 output data.  The receiver output data is
also coupled to the receiver decoder 24 input.for decoding and coupling
for display. When the user initiates a replay mode by recorder player
400, controller 410 generates a play command, and in addition enables
30 generation of data indicia Vs. Indicia Vs is added to the replay data
stream which is coupled, for example, to the automated interface switch
102. Indicia detectors, for example, 401/2/3/4:of FIGURE 8 or 401/3 of
FIGURE 10 determine the absence of an indicia Vs on, for example bus




contrnuously changi ng counter val ue produced by counter 36 counting 30
free running oscillator 37. \Wen the val:ue"of: counter 36 and the
‘dermul tiplexed timestanp are equal, derux-“control 451 signals the start
time of the replayed superpacket Thus the encoded start tinme of the

super packet igo@api@sed. | n addition to re-establishing supPCT/EEET391
start tine, the bit rate of the super packep ynust al so be restored. To .35
enabl e super pagcket re t bl oc 5 nprrse a sto

buf fer coupl eal-‘!"o 'f'e&mép E?& '@3?‘3%?& bus

bl 6ck 453 is abt:kﬁed Indxpld sdetedtom;nfnsce:td:nplermv,, 403uwsseerdtednﬁithr ed

i mest §Cketvaif ‘Ow‘megg 1 ro'f‘éa%%% “9b”aﬁ‘%9”%§ pifence of
WO 97/ 0315)79 rndlcxa ?ta ghrl.l ex mplary tect CR&@S 1generate a

%g t gSoc @ontrl sigmlsme vwlachl bﬂbges ccouplt'.mQSowm réptwyaﬂhﬁd fom tibxm:kl |
e o GCBACR AP R by A My 18, gl o 1

substanti al | y Thus the,simple, -singl eamir s, qnay mrovulq aptamatede enlm@ gaps

between 5 sihtwees keics soufced! Sﬂdrﬂahﬁﬁﬁdrm§3 tt‘bﬁgb?prttﬂdulﬁllﬂjofr@nsl)ort |
are substantially as

packets . tion block 4 i
formatted and C%%tlf i,égrr%‘#neq%cg x‘rider derived timng discontinuities and

perturbations. The restored. superpacket signal 402 is coupled to AVD
bus 500 via switch ~ 102 which is controlled via control data pair of

the bus, (note, switch 10 102 in Fl GURE 5is illustrated in a record node
condition). : _



Referring to FI GURE 6—a—further—mettiod of generating super packets is

il'lustrated and wll be, descri Is exanmple a canera 40

generates a video si g_nif".sg tlﬁagE R: ac%‘gnal is conpressed in an MPEG

encoder 41, and packaged %m ﬂﬂ ﬂpackets by the 15 transport

processor. 42. The MPEG € ooperation wth a . - cl ock

45 and a nodWeS7MM¥8unt er 43, includes presentation tirﬂmli n the

conpressed video signal. The transport pr@®gessor 42, also in

cooperati on iyt yvple modul’o M counter 43, includes program cl ock

references in ones of the transport packets. The transport 20 processor

provi des bit-serial trhnsgd PPE&'@M £100) for controBablygrawpling a sourgee

out put pa2t, (98)dof na [packetizdd sipnabWSP) tor avdatesbus (500))Gatd Gpparatus

i ndi cati %3 OE°H§"3‘iﬁ§'§tt of- successive output transport packefs.

Successi Ve transport °packets_ are.del ayed in a conpensatin del ay .

el ement 3b, and then ablindicia (f@&lewﬂér(ﬂ@éke@mtﬁ&l! eqoupled Ao s8id t he

start of Sackowres (98)1andr feceivitig! thiehefromu saide phéiutized §i|$nhf'€(SP); modul o M .
_ s\

counter is captured, i .a..atch 44 - out put.. of whi ch, I .,coupl ed
to forrratdqger'47_..pl n aaﬁi.ﬁ_‘gﬂ"@é 3%0@%&%’25&%"%& Ponsivepto said

appl i ed ¥ onindicias igeneraton (405):foscraceiving thevefrpmciseid fpacketized . signal

this exar®pl e(Sp) ifalarebﬁpuﬂgqohmald&tg Flf'(k”?.’o@l)i, Sn p"e’ra” ng ?]t real time 30
and at ngy mal speed, nce the avhack r code w eflect, a

pl aybackcgspeed equi val .ﬁﬁoqs Vs é@of’%‘anﬁ"gﬁg@&le FB‘G&M ,f;?'Hes%‘&'nﬁP'&rce may
oper ate 18 a(98)gnaid indisian generatorn{df)gadds an indiciax (Vg) ¢o @id packetizedes

ot

per secangl. a1 (s®h iﬁ%nhﬁﬁgesﬁ&%\ﬁit&iﬂgyﬁﬁﬁéﬂs(l‘iélf? coupfitig' sid | mge
novenent, A n sl gw or ,vari abl ti,on,,. hen t he dgsi.red gﬁ vi.ewng speed
may be c‘%ﬂ?@ﬁ“&a“w@ (S?gofﬂgcwq’%‘i‘e nt® éP‘i@G@. bus (S0t)y cxanple a
pl ayback rate of 1/3 will portray imge notion at one third speed. The
speed of yeanera acti on.! STEeappatabitt obYelint I whaiGit! said indiéim (VsF s B
et n_e aPungs taé)e added®td Sai p'acnlgeuazrég giognngf (gia.on paramet ers.

1 3. The apparatus of claim 1, wherein said indicia (Vs) is

2 added to said packetized signal (SP) with reference to a zero signal
3 conductor.

1 . 4. The apparatus of claim 1, wherein said indicia generator
2 (405) is controlled responsive a control .mode of said packetized signal

w

- source (98).

: 5. The apparatus of claim 1, wherein said switching matrix
{101) includes a detecting means (401,402,403,404) for detecting a
second packetized signal and indicia present on said data bus (501) and
responsive to detecting said second packetized signal and indicia, said
detecting means (401,402,403,404) inhibits control of said switching
matrix (101) responsive to said indicia generator (405).

A B W=

6. The apparaius of claim '1, wherein siid packetized signal
(SP) has MPEG like characteristics.

[\ I

. 7. An apparatus (102) for coupling a data bus (501) having -
a ‘packetized signal (SP) to a signal receiving device (400), said
apparatus comprising a detector (401,402,403,404) for receiving said
packetized signal (SP) from said bus (501) and controlling a switch

I

W -
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14
Wien the tinming signal °ﬁ' ansport processor I ndi cat es
the occurrence of a newt ll , controller 46 . conditions the
formatter to first out put|, rm t he resegrved dat a bt ock, .

for exanple 13udbigpsdS il lustrated in FIGIJRE 4B, which 5 i pcrassserde

pl ayback rate code Fol | owi ng the reservedpgdata bl ock, the count from
latch 44 is output in serial formto neratethetlmesta FlnaIIy

t he del ayecﬁtrﬁfg%}t%mmmgr saidd packetizedi signat {(SP)i rsawernaskeuzed signah t o

conpl ete super pRiduding’ o rimtidia Vs'§hﬁnd|eie§ onsive! toesaillyidicia (Vs) lsaihsport

Paad out bt ﬂﬁ%?ifogn%‘iﬁba%@ %?&ﬁ%ﬁ% i $ohtoL ' ifial YDFYT67 Gablin
super packet®& apaidapyitch (10249 G@@l ¢anpling- said packetized signal (SH)sto an; frput

interface 49 u(4bg) aprgaidalmgﬁalcmei@in deviges(400)sent on the control
pair -of conductors of the interface. I'n addition controller 46

generates a frame clock signal FC which is coincident with the 15

super packetl and whi ch i SB.apfhe eappacatus sef; claimc 3n ovhersin said contxobsignal (DP)
at interface 4§ cb Rﬂ”id Qidnﬁ'ol"ﬁuﬂsﬂ hm %ﬁi d¥sicem controller, it wll

generate control signals which are applied t e control pair. User
control 48 may provide signal selection and dlrectlon If controller 46
is not the kystem contrd.l eThet apparatus ofitclaiart7,owherdih responsiver foasaidni | |

20 be geneg at paBkétized SighafTS) fifciuding! B4id MdicH' EVs) said detector
3  (401,402,403,404) generates said control signal (DP) for initiating a
‘4 recording mode by said signal receiving device (400).

10. The apparatus of claim 7, wherein said indicia (Vs)

1
2 comprises a voltage added to said data bus (501) with reference to a
3 zero voltage reference.
1 11. The apparatus of claim 7, wherein said indicia (Vs)
2 comprises a DC voltage.
1 ~12. The apparatus of claim 7, wherein said packeuzed s1gna1
2 - (SP) is substantially similar to an MPEG signal.
1 13. A recording apparatus (400) for processing a packetized
2 s1gnal (SP), said apparatus comprising;
3 -a signal receiving means (102) for receiving saxd packetized
4 s1gnal (SP), said packetized signal (SP) including an indicia (Vs);
5 . a detecting means (401,402,403,404) coupled to said
6 receivmg means (102) for detecting said packetized signal (SP)including
7 an indicia (Vs) and generating a control signal (DP) responsive to said
. 8 indicia (Vs);
9 a controller (410) controllably coupled to said detecting
10 means (401,402,403,404) for controlling an operational mode of said
11 recording apparatus (400) responsive to said control signal (DP).
1 14. The apparatus of claim 13, wherein said packetized
2 signal (SP) is generally MPEG like. '

g



FIGURE 7 illustrates a further exanple of a superpacket generator. I'n
FI GURE 7 el enents demgrwﬂheeﬂHwBebanpbcedarre nunbers as el ements in

FIGURE 6 are siml ar an ane function. Transm tted '
dem and error 25 corrected by a Reed
C

transport packets are r
Sol onon decoder of the pa et source 51. * packet sour gﬁg’erat es
out puts pul sWOM08%i ch are coi ncident w t h and I ndi cgh"%? .

occurrence of respective transport packetZ4 The puI ses P and the
transporty packets are ﬁ)pl atus! fafeé éa tik 3c§i In
this exanple it is assuneg na source
“contai ns 4i mBeEW&ARs 8 At éggl)a’éﬁe?s Vﬂﬁ“?'b (48 ffs@'rqant

program;_&tndappi_’ltatusancommmgn conponents. Respective packets contain,
programiglentifiers, R Ifg¢: s%itéﬂihn%%h&ﬁv @og %f%xﬁfcﬂ&my co lir said = .

respective prograns ,or, nt.s e tr cessor is
condi ti onktd Pﬂageé-’@ét s'gﬁf‘ﬁ?%gﬂfg? oE’igH’Ple(?oW"Fh?@dem red 35 program -
The payI dnds of these q)ahkaatlmsafiﬂlappbupiddvtoasaxddfiracswuchmgmnnmt §t@Bss,

DIVA, 3y bULE ST X é,@r t?ﬂda'ﬁignal (%trponent payl oads are
appli ed to speci |c ar as o_ ﬁb e ctive, program
conponent® processors 5 seegpd Eﬂ” n88 i (102) for controllably) goy 9
PCT/ US96/9J739£1d packetized signal (SP) from said data bus (501)1%o said sigmglonent
si gnal &F g@ same from the processor 53, which reads the
appropria e pay % DMA structure,. Ones of the

transporkl packet s cont’él indiciny generater: (405) coupled to said signal source (98)
12 and controllably coupled to said first switching matrix (101),

13 an indicia detector (401,402,403,404) coupled to said data
14 bus (501) and controllably coupled to sald second switching matrix
15 (102);

16 said indicia generator (405) adds an indicia (Vs) to said

17 packetized signal (SP) and controls said first switching matrix (101) for
18 ‘coupling said packetized signal (SP) and mdlcla (Vs) to said data bus
19 (501),

20 said indicia detector (401,402,403,404) detects said indicia
21 (Vs) and said packetized signal (SP) and controls said second switching
22 matrix (102) for coupling said packetized signal (SP) and indicia (Vs) to
23 said s1gnal destination (499). '

1 16. The apparatus of claim 15, wherein said indicia
2 generator (405) adds said indicia (Vs) to said packetized signal (SP)
3 responsive to an operational mode of said signal source (98).
1 .~ 17. The apparatus of claim 15, wherein said indicia
- 2 generator (405) adds said indicia (Vs) to a conductor (A,B) compri_sing
~ 3 said data bus (501) coupling said packetized signal (SP) to said first
4 switching matrix (101).
1 ~ 18.  The apparatus of clatm"'is, wherein said indicia (Vs) is a
2 voltage added to said data bus (501) and referenced a zero signal

w

conductor.
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references, PCR s, which precisely relate the creation of the transport 5
packet to the encoder system clock at generation. The transport

.processor 53 extracts these PCR S and applies themto a system cl ock
generator 52. Using the PCR s, clock generator 52 generates a system

cl ock which l ?‘g# gncy Iocked to the encoder system cl ock.

systemclock iIs u I zed by the inverse transport processor 53 and the 10
packet source 51, hence the transport‘M&ckets are relatively

synchroni HG. h1t heir original creation timng. °M"?ﬁe T unt T_Cgl e

system cl ock 1S, no nter 43

exhi bited by the L er when |a @BYge P|occ : wheypgighe start of
a new'transport | pac I §| out gut he| pacet % DUPLEX ured by

| at chr 44 respongivel tad pulse B. THi g | ajche t ﬁEIVﬁH lized
as a tinmestanp. d on, f sq4Pcriht ed S

applied to %/co a el 4] e L] 90" foTe ayed transport
packet fro epent , tlhe cqunt¥yrYval pie .or ‘ stanp fromlatch 44,

and a pl ay ate e fromja codtroller

INVERFACE O

respective inpuj poytyg*off a syper J&:t | for _ : The
controller 460, r contr €0 ' FROM h the inverse
transport processor to designate whi ch pr ogr am COMPORENTPackets are

to be packaged in superpackets. On the occurrence of respective
transport m the inverse transport 25 processor provides a pulse to
the control whenever a receive oupacket is a desired transport

packet. Responsive to thi giptse con+ethep2460 conditions the
formatter to formthe superppcket tthe cJfrent tinmestanp, PB and
transport packet. - DPEX _ hg qieyPetement 50 nust
-accommodat e not onl Mr“‘mt i data el enents
of the super LPHi—algpl h UI reqg Werse processor
to ascertain a :icket 1 the ich i{s desirsg
In the foregoin A les the 1 stalrp ijs ge nerated at tH
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occurrence of a transport packet. Alternatively tinestanps may be 35
generated relative to the timng of generation of the superpacket. That
is, the timestanp may define the instant a superpacket is to be output,
or the instant assenbly of the superpacket begins. In these instances
the tine stanp will generally be related to the | eading edge of the

Frame C ock,WONR#MF™® it may not deflnethetlmng of this t WO The
WD 97/ 00579 PCT/ US96/ 07391

16 timestanp will still be aSSOC|§gﬁy with a particular transport
packet se suyperpackets are generated to convey respective
transport ﬁ& The frame clock FCis not a fixed
frequency signal. That is, -5- the |nact|ve portlon of the franme clock has
a speC|f|ed m ni et e .,11§ 1 15 8 pee+H cal | y desired
that” the frame cl¥c ot . DS Ae) Fat = Yo INI=Ta y cl oSalsof t hat

super packets gy Wpe ---- 2 1T A cket |s 110

avail able. It oktars : fixe ;

since this may @ }
transport packé s tha
portion of the frame clo
clock. If the tinestanp
super packets or the frang
may be conditioned to cap

50
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di spl.ay 110. .
switch contro
101/ 102. The switch control .

PRENEI AN S

‘or the controllers 46 or 460’ respectlvely
exenpl ary audi o-vi deo-data AVD bus: systemis .
. Thi s second exenpl ary AVD system enpl oys a
bus 501 for coupling between an | RD 100,

Lypl i fied<bus has only 20
I'ogrc C incorporated at each
Ioglc Cnmonitors in

di gi tal

t wo=gonduct or
interface sw
.. conjunction with’

A second

illustrated in Fl GURE 8.
sinplified dai sy chained
recorder 400-

pipetien

mat ri x

and a
with

det ectors 40Fl62, 03, 404;° the stat /@ each pair of bus 501 and in
response to #is seMect ed status, for exanple, playback or record
nodes, aut omatialfy™ PoT rate—stgmat—25—yg out i Ng vi a bus
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signals are ¢nly, . _ for 100 xanpl e1101put
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and detector. Ones of tlhe ' " cugt lare cqupled to
each input of the intenfac SP = es o he i nvergi e
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inventive data i cia transmtter 405 and detector 401 utilize the

bal anced transm ssion condition to introduce a DC voltage data indicia

Vs, equally into each conductor of the bus pair with reference to

ground. At a receiving bus node the presence of the data indicia Vs is 5
detected by wodnos7ei a detector, for e ﬁrpl e recejver det @IS .?‘

which forms part of switch control Iodi . Thus the presence of a data
signal is indicated for coupling to a destination via the interface switch
matri x. In FIGURE 9 a single indicia transmtter 405 is
shown 10 couplﬂG.és i nput line pair- A of data bus 501. However, a .
system. - enploying the inventive control net hoﬂW'ﬁﬁuimsmman i ndicia
transmtter is incluggd or i s asmQciated withgpadiC i sour ce.

I ndi‘ci a transm te-es+—46%: co T i L] €
i s coupl ed equal[&swﬁJ LY
functions as a switch coupl dd.
and ground. An indicia control
transistor QL via a resi-stor. | e T Tt
generated, or derived fromcontrol | 4gi EMOL
operating node comand, for exanple, iMmi
digital player recorder. In an exenpl ary=
nomnally zero volt signal 'is applied:t
410. The nomnally zero volt sign&'tAg
the base ternminal of transistor @ to _
approximately 1.6 volts, determ ned by the geries cpnbifatli on of 25
resistors R6, R7 and %ﬁ%ﬁ%&%ﬁr SR iamnan ;&L@u@h acplo of transistor

PACKETS "\
 TIMESTAMP- |

: | ow or
r -Rb frqmjcontrol |ogic
whi ch al | ows

$

477 TS _TPPB | useR INPUT} 28
- ¥ | rormat ||
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@ results in an emtter voltage Vs, of approximately 1 volt, which is
applied the data bus conductors via resistors Rl and R2. In non-repl ay
.modes a logical high or nomnally 5 volt signal is generated by logic 410
and applied to resistor R5. The nomnally 5 volt signal, coupled via 30
resistor RS, woaAmes» transi:stor QL which clanps the base t epdintisvsofim
transistor Q2 to ground. Thus transistor 2 is turned off and no indicia
or sensing voltage Vs is generated. A single indicia °
detector 403 is shown in FI'GURE 9 coupl ed to a bus pair A of data bus
50I. However, a systemenploying the 35 inventive control nethod requires
thdat an indicia detector is provided 5/8 for each data bus pair coupled to
a switch matrix. Indicia detector 403 conpri ses a bal anci ng network
formed by resistors R3 and R4 coupl ed fromeach bus line to a parallel
conbi nation of a resistor Rl4 and a capacitor C2 connected to ground.

Resi stors R11 and R12 are connected WO 97/ 00579
PCT/ US96/ 07391 o © @ 18 to each bus
line and are joined at #¥a nonsi nvest i ng#@w nput of an integrated circuit
conparator anplifier ULY_An Wnverdy ng i\opput of integrated circuit U
is.connected to a DC ppt anfilal edi|Vvi d by resistors RS and RO,
coupl ed between +5 vol Qfﬂ}c [ﬁ gl% erating a voltage 5 of about
0.8 volts. Wen data ipsi egléi he .data bus sits at
nom nal l y ground or ze GE)ISE ténﬁ»' (7] I's nom nally ground
_ o
I
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potential is coupled via resistors Rl1 and R12 to the non-inverting

I nput of IC Ul. Thus with zero volts applied to the non-inverting input

and 0.8 volts applied to the inverting input the output termnal of IC Ul
10 assumes a low, nom nally ground potential. \Wen data indicia Vs is
present the data bus is nomnally 1 volt positive relative toﬂ&goun%
potential. TNO%#0§78It DC indicia signal applied to the norPGHt

i nput of IC Ul causes the output termi@8 to assume a high, nomnally
supply rail potential, Thus integrated circuit Ul output signal DP 15

i ndi cates a dﬁé" I gnal presence with a high level signal and -a data *

bus si gnal h a |ow | evel output signal. TABLE 1-

illustrates an advant ageous autonated interface swi t ch apparat us -

controll er associated with a digital recorder, for exanpl e, D-VHS. The

recorder node is erm ns _e.;;_?o, JIRD epy10ranual

swi tch operation I R LAt r ol | bea] 100 | spoci ated with

the jnterface sw at@ENarfd qi0| tad corf . rm ne the user

desired node t 3 Pz 1 thk obri at e

exenplary D VI ut =¥ landan] - bus

conductor. 25 TOAHLE Y& DDWM BM R TREE I AUTO™ | NG MATRI X

DI Gl TAL Pl ayer/ ' of SweuillISH0 =N '

0/0 0/1 - C e | g o o a0 '_ B- >I N

A->I' N - DM = BM M 14| . I NYiR

QUT->A  OUT-> H401puUtss —! 1403 - Btlissm . OFF

OPEN B- >A 11462 » 4 Tae |464 |of automat gd i nterface switch
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exarrpl e, upon selection of a replay- rmde transmtter 405 circuitry of 30
FIGURE 8 is enabl ed and DC sensing: voltage indicia Vs is applied to the
-out put of a bus driver arrpl ifier (not shown). Indicia detectors

WD 97/ 00579 PCT/ US96/ 07391

19 401/ 48% ciated with control logic of the aut ompcearsseraaif ace
switch 1 eterm ne the presence, or absence of an indicia Vs on bus
lines A or B and coupl €t he outp72 repl ay dat'a::and DC i ndicia voltage
Vs to whi ch ever bus lifie i s not §rrent|y utilized i.e. has .no DC

sensing 5 voltage present as detected and represent by signal DP. Thus in
exénpl ary TABLE 1, assunming the digital player/recorder is in a replay

nmode and bus ’a s 0/0, signifying no signals are present on either

bus conduct OF data fromdigital player/recorder, for exanple D
VHS,

I's coupled to both conduct orpQ BEVIGEDATA INPUT I f di g| t al
pl ayer/recorder 400 is controlled to as* a record m)de t

autonmated interface switch apparatus fUufiglai ons as foI I}va e cont rol
| ogi c assocna-t-e-d-w-t—h—th-e—a-u-t - )i B G = == e d-e-t—e-r-m—ln
the presencd or absence of 03\jiata indi cf §{®h I|ne A or Blas an
i ndi cat or of] data si wpnce. ' E 15 us stat us 1/
i ndi cates tHat a dath_siggalp) PBr ADEnc 4 data sl gnal
is connected to a rekprreag-poh WX GMHXC VHS di ol t al
recorder. Sipilarly,}|fl tre®hta si i s (st gr buk B,
t he aut omat gd couplihp |qonnect ord ! it 0 bus]B. |
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An inventive aspect of the automated interface switch 20 apparatus occurs
when a record node is selected for the digital pl ayer/recorder but
data signals are not present on either bus A or B, i.e. bus status
0/0. A condition such as described may occur when the transm ssi on of
the specific program sel ected for recording is del ayed. $4hi s
condi ti on TABPEIMSdi cates a WAIT or record paused 25 coRartrron s
applied to the recorder. The controgvapgic associated with the-
automated i nterface swi tch may i nhi initiation of the user sel ected
record node until a data signal indicia Vs is detected on either - bus -
conduct or and r ontrol signal DP assunes a |logical high :
state. The detﬁa aidl ndicia Vs controls coupling of data to the 30 ¢
recording input, for exanple 499, and in addition nay enable initiation

of t'he pre-selecte aode—Thus the ant ageous control | ogi c

and data indicia pevertsr : %I (o] g _nedi a

and ensures the Nekir rjogPs s jecord th : 130

separate control s |[GTLER bIgsfer. §35 |§ A third gxenplary

audi o- vi deo- dg4 a JAYD Al inced SP 1 [ i FI GURE 10
shows a si npl i sin . 1ga ]| hainei bus mhlch es between
a digital recorﬂ@r'400 | RENES— DM =doei ver |. 110.-
Advant ageous au tAg.cJ'* O el i co Ce switch

appar at us 102 aspepiretde ,'_; -h';' R |'= %
PCT/ usga( 0_5739.1. - J&&sb DM £ LDM403 | \‘\‘\
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RCA 383CF S,
20 recorder 400, for exanple D-VHS, ~and iL.nterface sw tgh,apparat us, 101
associated with receiver 100 and display 110. {TABLE .2 il | ustfatés the .*
aut omat ed functions of controller C of interféace:sw4céMi®101..As50ci attd
with an exenplary DSS[err] receiver 100 and an exenplary data signal 5
source digital recorder/player 400, fof exanple, D-VHS. The receiver
node is determ ned by user command, for exanple by manual sw tch
operation, not shown or IR renote control . The receiver may be
control | ed t oSOMBLE BUE ANDD INDERFGE $% STEM FORTONS UVER BIGEF KL bus A.

Control |ogic associated with the hﬁ@g@%@mw tch apparatus and digital 10
recorder deternine the user desire establish connection .

bet ween .bus conductor A and the appropriate input or output term nal

of receiver 100. This Bl refREE! MER AI%EP inte itk N@%Wlam RECEI VED

RECEI VER MODE STATUS OF BUS' A
DATA or coyptinga audio, vidggr.asdydata processppg ASYSUEF. (FEPIAYED DATA)

QUT- >A partiddlar/to coupling digital signals foPFffigital recording and  OPEN
OPEN 15 Fep@oeéatlon of ‘thé aufomated i nterface switch apparatus is as

fol l ows. Fo Uel&fpl e, the user deternines that the receiver will
recei ve and out put a BAEKIGROUPD OFIMBANG EBNTHaNM The control | ogic

associ atfeg wth E)t is E%‘ggah?qh 53&10?\91?]58\’“ kata O%%ngﬁftsrecel ver, 100

determ nes the 2 preésence or absence Wdl cia, for
mpl e t helmmmgﬂ Vﬂrle%blQfa@@nVEmGOnelmﬁrdmnepmcesﬁmg)l f&r\ycesndl cia

d&ctors 404, 2 498 A8khRGhre, so thhe sRFBICRGR]1Mle! E@'o@fead¥§1&n% erate a

control signal, . coupled to the control | ogic of |nterface
switch 101. 4% zggsggcgn%qheandevme ‘iq{’dﬁeEFeéi Sf Bbe Puhe KorneXampks t hat

digital recaudieriidetyeigdlo available from a television receiver mav be

15 applied to a video cassette recorder for storage, or the audio from
a television receiver may be applied to a component stereo system
for reprbduction 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, .

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

' Currently there are a number of compressed audio and
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
30 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 reéeption, and the transport packets are
thereafter reconstituted in a receiver. Recording apparatus ie.2.
VCR or video disc) and 'authoring apparatus (e.g. cameras or
camcorders) for compressed signals, on the other hand, mav
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25 outputting data and consequently bus line Ais available for

transm ssion of receiver 100 output data. The receiver output data is

al so coupled to the receiver decoder 24 input for decoding and coupling
far display. Wien the user initiates a replay node by recorder player
400, controller 410 generates a play @onnand and in addition enables 30

generation of data jindicia Vs. Indicia Vs .is added to the replay data
st ream whi cHrc?CseséoEHﬂ MPESSed atgnals i tlhﬁeS’%’i’j’teori’éx‘mcgaL i B ¥ace switch
102. I ndici hod/etvezttmrey niztyr et argfuire AEL/sAhiY hoife Fpr@oBEsigor X491 3 of -

gIS%J?E 10 d(%ﬂ que% h?hgbégrﬂpe%a?lf agfig]ghgf abe\{%/ 2 pfr8r ?ﬁﬁ‘gpl e bus RCA

CLAI M5 components is mast couvempprtinteffe¢edoyinf packenifounl abuplecbupl i ng

. d-
g appar at us cg?‘rlp%%) Cﬁroeeg@ﬁge&dlﬁﬁ&eﬁtgrﬁg éé?%ﬁ?gfﬁ t(Pllgtngr gggr(?gé%) o8

control | abl ?chui)l Byerigees which may ﬁ@ﬂ&@ (@8‘#“5%%%@@\9@%% Feref r om

sai d packet fragdl &g roé@ﬁ)mc component. The bus 8in$wth@é§ RGe N@dWPI¥d (101)
control |l ed responsi nera (405 for recei ving

t her ef rom s & ﬁébrk\é? E%%I“gi %Ssﬁnﬁll\"h‘#ed( @)t%ﬁgguéo‘fy gpctob i d data bus

(501), and,control communication frempomsmasterocsaimlleontrol | abl e coupling
from sal A SO et b dhirAcORRES SR 1o H0Gki B0 U rdth | i ci @
eliminates the requirement for a master controller to be coupled
via bus control conductors to each bus interface. Such a simplified
inter connection method may provide automatic coupling of signal
sources to signal destinations, and in addition may prevent two
sources utilizing thé same bus conductor. =~ The simplified inter
connection method may utilize a single pair of bus conductors.
European Patent Application 0609578 A2, to D2B Systems
Co. Ltd., relates to a local communication system with plural data
channels for multiplexed digital audio signals.
20 SUMMARY OF THE INVENTION

The invention relates to an apparatus for controllably
coupling a source of a packetized signal to a data bus. The
apparatus comprises an indicia generator controllably coupled to
the source and receives. therefrom, the packetized signal. A
switching matrix is controlled in response to the indicia generator
for receiving therefrom the packetized signal for coupling to the
data bus. The indicia generator is responsive to the controllable
coupling from the source, to add an indicia to the packetized signal
so as to enable the switching matrix to couple the packetized
30 signal and indicia to the data bus. '

The invention also relates to an apparatus for coupling a
packetized signal between a signal source and a signal destination.
A first switching matrix controllably couples the packetized signal
from the signal source. A data bus coupled to the first switching

- matrix receives therefrom, the packetized signal. A second
switching matrix controllably couples the packetized signal from
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sai d packeti zed si gnal (SP) and enabl es said switching matrix (101)
for coupling said packetized signal (SP) and indicia (Vs) to 15 said

data bus (501). 2. The apparatus of claim 1, wherein
sai-d indicia (Vs) is a voltage added to said packetized signal (SP).
20 3. The apparatus of clainp/4, wherein said indicia (Vs)

I s added to, I d.pa t S h ref er

si gnal condu g afk %‘ﬁ% &etge élgﬁg dg?l!:éat %Pg?ﬁ gn rlagc?r 1°l wherein
sai d i ndi ci @Oup1®5t@éh@r$gba1 ca08e aadconmotrlo bhe qimdedetaa thonfirsel  node
of said SWJ]taﬁ(fll‘&Etrﬁ | SigN@hdi g?d”d%?ec(c&s)ls coupled to the ?at&lgv |5 The

apparatus of c ai m71 erein said swtchin mat r 1 x ncl udes a
det ecti ng nedss comarpllafdy | aeupladato fbe 530058 él%(t‘@@ﬂlilﬁgm&t%écorﬂwpacket i zed

Zi gnal and llﬂgiﬁhaoéﬁ@m@@ﬁ a@i@ssandmdlcm to otaéa bulaaﬁi&i)slaﬂ@ll @gponsi ve to "
G ek g e ok T
(101) resporssgmrﬂ nndsmdimmdo ctha data bus.geﬂ‘éxreaumdxc(m(t@tector B&tects BE2A 88305
indicia and the packetized signal and controls the second switching
matrix for coupling the packetized signal and indicia to the signal
1 O destination. :
BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be described with reference to the
following drawings wherein; .
FIGURE 1 is a block diagram of an inventive embodiment of
15 a daisy chain connection of bus hardware including a number of
bus/device interfaces; and
FIGURE 2 is a block diagram of a poruon of one of the bus
1nterfaces of FIGURE 1; and
FIGURE 3 is a first system block diagram illustrating a
20 receiver coupled via a data bus to a source of timing pertubation
and and an inventive superpacket restoration block.
FIGURE 4A is a waveform and pictorial representation of bus
superpackets according to a first drrangement,_ and
FIGURE 4B illustrates an alternative superpacket
arrangement; and
FIGURE 5 is a system block diagram including a receiver
coupled to a digital recording and replay device and emploving

o
(&1

various inventive embodiments;
FIGURES 6 and 7 are block diagrams of apparatus for
30 forming a superpacket; and
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23 6. The apparatus of cI aim1l. wherein said packetized
'signal (SP) has MPEG |ike characteri sticsi 15. An
apparatus for coupling a packetized si gnal (SP) 5 between a signal
source (98) and a signal destination (499, 400). sai d appar at us
conpri si ng: : a firsgty switching matrix (101) for

control l ably coupling sai d packetized signal (SP). from said signal
source (98); - a data bus (501) coupled to said first

switching matrix 10 (101) and recéL\AIMSt heref rom sai d packeti zed si gnal

((:(?E)pl [ ng sai d packeti %ed Si g ??@gwt (ﬁg alrzgHl Q?%gzé?%ﬂ&%t rottably

sai d si gnalsalesei ()i oh 2(4)9.9):euzed swnal (SP) to a dagm busdi(20 b). gemer at or
(405) coup I@?&,gﬁhﬁgl @o%ﬂq?ﬂ osource 15 (98) and controllably coupl ed to

said first I ndi ci a detector
(401, 402, 403, 404) coualllebll lﬁlﬂséﬁaemtof HOaét‘aOfbﬁﬁgll'(‘?sb’l)COéW&e%oﬁ?t 5819 abl y

coupled to ﬁﬁirdesw@)”lduﬁi/\ﬂrt:@élw theretroxﬁﬁtsﬁi@( [(aI:(RE)lzed signal (SP)
said indicia generator é4 }”dl s B cket I zed
&i

an i
nal (59 “andcout v b1 SHhisY Rad LR fufuliph respofsive T8
coupl i ng saindigiac emeramrs (405 foSP)ecaind nigndheriedr¢is )said packeuzeslal d dat a

bus (501)g signal (SP), for. cou 16@?5d5%8d3£ abget@)@@e &416101 402, 403, 404)

det ects sai acket nal (SP) and
control s said 25 seas@@nawmt@cwdgcm&m tereouplblg dsem isaif sai d

packetized gjg8al (98) said ﬁﬁklﬁ%meMbsl@mG\/shda@ &iiddRdign@ysdest i nati on
(499). 61 g‘pe ara s of.¢claim15, erein said
indicia  said packetized signal (SP) & Enables Shid switching matrix

(101) for coupling said packetized signal (SP) and indicia (Vs) to

15 said data bus (501).

- 2. The apparatus of claim 1, wherein said indicia (Vs)
is a voltage added to said packetized signal (SP).

20 3. The apparatus of claim 1, wherein said indicia (Vs)
is added to said packetized signal (SP) with reference to a zero
signal conductor.

4. The apparatus of claim 1, wherein said indicia.
25 generator (405) is controlled responsive a control mode of said
packetized signal source (98). '

5. The apparatus of claim 1, wherein said switching
matrix (101) includes a detecting means (401,402,403,404) for
30 detecting a second packetized signal and indicia present on said
data bus (501) and responsive to detecting said second pack cetized
signal and indicia, said detecting means (401,402,403,404) inhibits
control of said switching matrix (101) responsive to said indicia
generator (405).

(O3]
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generator (405) adds said indicia (Vs) to said packetized signal 30
(SP) responsive to an operational node of said signal source (98).

17. The apparatus of claim 15, wherein said indicia generator*
(405) adds said indicia (Vs) to a conductor (AB) conprising said
data bus (501) coupling said packetlz.e_pl si gnal 35 (SP) to said first
swtching matrix (101) h S, .

24 618.T GI'I‘@PQB%HF a‘?tu§ladfn ch-athersi sgith RACKeHZEY i ndicia
(Vs) is a veilghapeSRdads tPEG dikkatchaliese i $ixs) and referenced a ' zero
si gnal conduct or. WD 97/ 00579 _

PCT/ US96/ 07391 B 24
15. An apparatus for coupling a packetized signal (SP)

5 between a signal source (98) and a signal destination (499.400).
said apparatus comprising: ' |
a first switching matrix (101) for controllabl\ coupling
said packetized signal (SP). from said signal source (98):
a data bus (501) coupled to said first switching matrix

10 (101) and receiving therefrom said packetized signal (SP); '

a second switching matrix (102) for controllably
coupling said packetized signal (SP) from said data bus (501) to
said signal destination (499); |

an indicia generator (405) coupled to said signal source
(98) and controllabf_v coupled to said first switching matrix (101),

an indicia detector (401,402,403,404) coupled to said
data bus (501) and controllably coupled to said second switching
matrix (102);

said indicia generator (405) adds an indicia (Vs) to
20 said packetized signal (SP) and controls said first switching matrix
"~ (101) for coupling said packetized signal (SP) and indicia (Vs) to
said data bus (501);

said indicia detector (401,402,403,404) detects said
indicia (Vs) and said packetized signal (SP) and controls said
second switching matrix (102) for coupling said packetized signal
(SP) and indicia (Vs) to said signal destination (499).

[R]
W

16. The apparatus of claim 15, wherein said indicia
generator (405) adds said indicia (Vs) to said packetized signal
30 (SP) responsive to an operational mode of said signal source (98).

~17. The apparatus of claim 15, wherein said indicia
generator (405) adds said indicia (Vs) to a conductor (A.B)
comprising said data bus (501) coupling said packetized signal
35 (SP) to said first éxvitching matrix (101).
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1. 15. An apparatus for coupling a packetized signal (SP) 2
between a signal source (98) and a signal destination (499,400), said 3
apparatus conprising: 4 _ a first switching matrix (101)- for
controllably coupling said 5 packetized signal (SP) from said signal
source (98); 6 a datashus (501) coupled to said first
switching matrix (101 and recervi.ng therefro sai d .packet.i zed si gnal
(SP): 8 {s. 'sréléoﬁap%f\?&‘{ HFn‘aaHﬁt#Px ‘(ﬁn nfiﬂ18 H’ﬁ’?‘i&uamy

coupl i ng qu)sag G p&ﬂm@ aédiedsngnsdld(&t)l buent XHi)daddt eefbrenceB804) to said
signal 10 destln kg @@ an indicia generator
(405) coupﬂgﬁ t & %ﬂﬂ P%n source (98) 12 and controllably coupled to

said first switching matrix (101),. 13 - an indicia detector
(401, 402, 403, 404) coupled to said data 14 bus (501) and controllably
coupled to said second switching matrix 15 (102); 16 sai d

i ndi ci a generator (405) adds an indicia (Vs) to said 17 packeti zed
signal (SP) and controls said first switching matrix (101) for 18
coupling said packetized signal (SP) and indicia (Vs) to said data bus 19
(501); 20 said indicia detector (401, 402, 403, 404) detects
said indicia 21 (Vs) "and sai d packetized signal (SP) and controls said
second swi tching 22 matrix (102) for coupling said packetlzed signal (SP)
and indicia (Vs) to 23 said signal destination (499). 1

16. The apparatus of claim 15, wherein said indicia 2 gener at or -(405)
adds said indicia (Vs) to said packetized signal (SP) 3 responsive to an
operational node of said signal source (98). 1 17. The
apparatus of claim 15, wherein said indicia 2 generator (405) adds said
indicia (Vs) to a conductor (AB) conprising

+tU SHEET



3 wai d data bus (501) coupling said packgtiped;sigpal~(SP) £8 3doFFTHS]
4 switching matrix (101). 1 - ) Tﬁ@

"15,

)

wherein said indicia (Vs)
and referenced a zero signal 3
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A system for generating a signal for coupling digital
audio, video and data signals in compressed form via
a bus. A processing means formats the digital audio,
video and data signals into superpackets for transmission
m the bus. Eachmsupetpacket comprises a timestamp,

a transport packet, representative of the digital audio,
video and data signals, The superpackets have a fixed
duration and occur at variable intervals. Devices receive the
superpacket signal and may utilize the timestamps for clock
synchronization. A recording and replay device processes
the variable superpacket signal occurrence for recording.
Reproduced timestamps are wutilized to control restoration
of the superpacket signal to have substantially the duration
and occurrence as when formatted for bus transmission. A
simplified bus couples between devices. An

control of device bus interfaces, The automated interface
control is also responsive to device control status,




