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BUS AND | NTERFACE SYSTEM FOR CONSUMER DI G TAL EQUI PMENT

This invention relates to a bus interface systenf apparatus for
coupling audi o, video and data processing systens, and in particul ar
to coupling digital signals for digital recording and reproduction. 5
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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 respective 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™ 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

25 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. VCR or
video disc) and authoring apparatus (e.g. cameras or camcorders) for

30 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 components is most conveniently effected in packet
. form.
35 Problems arise in communicating compressed signals

between processing components if the packetized format is subjected to
timing variations or perturbations. Such timing variations may result
when one of the processing components is a recording device. A first



prior to transm ssion and after reception, and the transport packets are
thereafter reconstituted in a receiver. Recording apparatus (e.g. VCR or
vi deo disc) and authoring apparatus (e.g. canmeras or cancorders) for 30
conpressed signals, on the other hand, may process the conpressed
signals in the same packet format, however they may not require the
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record/replay processing and enable the recorded signal t1mmg to be
restored to that existing prior to recording.
SUMMARY OF THE INVENTION
15 - A signal processing apparatus for processing a data stream
comprising a packetized signal subjected to timing perturbations. The
packetized signal comprises a plurality of superpackets and each of the
superpackets has a transport packet and a timestamp, the timestamps
are indicative of gaps between corresponding parts of superpackets
20 pror to the timing perturbation. The apparatus comprises a means for
receiving the superpackets from the packetized signal subject timing
perturbation. A storing means is coupled to the receiving means for
storing the superpackets. Timestamps from each of the received
superpackets are read by a reading means. A counter and the reading
25 means are coupled to a means for generating a control signal. The
control signal indicates each successive coincidence between the
timestamps from the received superpackets and a count of the counter.
The control signal initiates reading of the superpackets from the storing
means.
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The invention will be descnbed with reference to the
following drawings wherein;
FIGURE 1 is a block diagram of an inventive embodiment of
a daisy chain connection of bus hardware including a number of
35 ©Dbus/device interfaces; and
FIGURE 2 is a block diagram of a portion of one of the bus
interfaces of FIGURE 1; and



record/replay processing and enable the recorded signal timng to be
restored to that existing prior to recording.

SUMVARY OF THE | NVENTI ON 15 A signal processing apparatus for
processing a data stream conprising a packetized signal subjected to
timng perturbations. The packeti zed signal conprises a plurality of
super packet s ango®weissef the super packets has a transpor tPGRAIS6M758hd a
ti mestanp, the tinestanps are indicatBve of gaps between correspondi ng

parts of superpackets 20 prior to the timng perturbation. The apparatus
conprises a neans for FIGURE S i§ agﬁfdnesgetaaﬁrmkedﬁ drh Nilfubeatide ket | zed
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DRAW NGS \,ﬂ%l}ﬂ%».l nyention w { e,descri be ith reference to
t he fol l owing dra &r i @, system block diagram in 12 {FECRIVET ock
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har dwar e |@cl ve N fﬁ’cf‘d’d e,ﬁ 5 bus/ devi ce interfaces; and
FIGURE 2 1s a bloc d % gnét on % ﬂe of the hus |tnterfaces
of FIGURE 1; and S lock diagrams of apparatus

forming a superpacket and
FIGURE 8 is a further system block diagram including a
digital recording and replay device and employing various inventive
15 embodiments.
. FIGURE 9 is a circnit diagram of an inventive controller
advantageously used in FIGURES 8 and 10.

FIGURE 10 is another system block diagram including a

digital recording and replay device and employing various inventive
20 embodiments.
DETAILED DESCRIPTION :

Referring to FIGURE 1, there is shown a cascade of audio-
video-data AVD bus interfaces interconnected by an AVD bus. Each
interface is bi-directional in that it can be conditioned to provide signal

25 to, or accept signal from a device component. However, it cannot do
both concurrently, and will be conditioned to do one or the other for a
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

30 from 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 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

35 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
control signals are communicated from a master controller. The control
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3 ' FIGURE 3 is a first systemblock diagramillustrating a
recei ver ~coupled via a data bus to a source of timng perturbation and

an inventive superpacket restoration bl ock. FIGURE 4A is a
wavef orm and pictorial representation of bus 5 superpackets according to a
first arrangemuggroessd . FIGURE 4B il | ustrat es ROT/GEYOTSARL | Ve
super packet arrangenent; and 4 FIGURE 5 is a system

bl ock diagramincluding a receiver coupled to a digital recording and
replay devic e [ LyEetEP QS ESE She i ;
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15 to the input buffer IB; and which of the conductors will transit the
interface between right and left input/output ports. The use of
‘demultiplexers allows the daisy chain connection between components
to be broken, permitting independent communications between
components on either side of the break while employing the same

20 conductors. Consequently a greater number of unique communications
may be performed with fewer conductors in the bus structure.

~ FIGURE 3A illustrates a first exemplary system employing

an integrated receiver decoder or IRD 100 which is coupled via the
advantageous interface switch apparatus 101, as illustrated in FIGURES

25 1 and 2, to the AVD 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 couples control signal data and
two streams of signal format data.

In FIGURE 3A it is assumed that the signal to be

30 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
format, transport packets are associated with timestamps or PCRs which

35 allow re-synchronization of local system clocks to the original encoder
clock frequency. Hence, having synchronized the local system clock
generator, the transport packets may be processed to remove jitter or
timing perturbations which may accumulate, for example, during



signal fromthe bus may be determ ned with a high degree of flexibility.
Each interface may include a half duplex transceiver, at both 35
connections to the AVD bus, for coupling signal fromthe bus to the

i nterface. The bus includes a pair of control |ines on which serial

control signals are communicated froma nmaster controller. The control
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4 signals may include addresses so ghat respective ones of the

i nterfaces may be sel ectively controll ed. An exenpl ary
interface S Wi r n t

T iithrediay Enﬁﬁ@%ﬁ aﬁfss‘#ﬁchéd Usds” 3trRenirls and gfb%@ﬁﬁ ett] However

SUNE consj 1ine.palfs or
si x conduct Oprgmsp\p{t 8?'&??% " e%SaFFg'eEEﬁdr §°b11ft9fs eqqdammmg %‘F@‘i’l‘&q‘%m‘% of

t he. conduct omhiclitinaycnot rbel cprieciabie ebasedsogmhd variable; yand s eéi‘ﬁtdcont rol

| E
;SIngln\a/ll 3ual ag(li;nnt%glﬁgﬁé‘#lt %géﬁiééﬁ?%‘e%éﬂﬂ& c | n?ﬂn§% ort 5t Resf)on5| ve
tosa contd ol AYDnBRS 500 ds e-ilusgasqqlecggm 2. % oure.eh limig Eermsbaton,

out puts steeblduk esgwlshtmayrmpasmqimi@ @gron| At Rbetier dafdlstreams 02, 03

and 04. The d t|v bus
conduct or o aPEReRE, 915 86 e, “Te iefipe ¥ Bluile bRTwRHAGE by Siner may
coupl ed to tnesudm om busf ethebln&nbus\mr&mtranon.h@m@m@cquaﬂmen, or
conductors am:a-a md! feproductiont proeessesN. AWDC Ibusr SO0 Nwidy

leftér1S
5L LA ol SR S I A 4 i i
denul ti pl exemdaﬁmst Ssy‘lgmél gompenentsi on bet ween conponents to
be broken, permtting TooRBANEE the BHOVAL JF| tAESLMAMF'RRFor 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
15 500. Each superpacket includes a timestamp, the transport packet and
a reserved data area which may include a playback rate code. Two
timestamp embodiments are shown in FIGURES 4A and 4B. The
timestamp is a timing code which is a sample of an oscillator count
taken at a specific instant, for example, at the occurrence of a frame
20 clock pulse. Since a timestamp is added to each superpacket, the
timestamp may be utilized to facilitate correction of timing jitter and
perturbations impressed on the corresponding superpacket and its
contents. The playback rate code may be used by a recording device to
determine the rate at which a particular signal is to be recorded or
25 played back. The playback rate is coded relative to the recording rate
and is read and utilized by any recording devices conmected 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
30 which receives a radio frequency signal from, for example, antenna 10
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
. user's specific program transport stream TP from other program

35 streams present in the received packet stream. The transport stream is
~ coupled to a demultiplexer 13 where a program clock reference PCR
value is extracted from the transport stream responsive to control by a
demultiplexer controller 14. The demultiplexer controller 14 is



conponents on either side of the break while enploying the same 20
conductors. Consequently a greater nunber of unique conmunications
may be perforned with fewer conductors in the bus structure.

FIGURE 3A illustrates a first exenplary system enploying - an integrated
recei ver decoder or IRD 100 which is coupled via the advant ageous
interface sw twetnozgpssor at us 101, as illustrated in FI GURES 25PCT/US6/I58, t O
the AVD bus 500. A television receiver digplay 110 is - coupled to IRD
100 and receives at either R F., or base band video signals for
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MPEG2 5 vkgg%higandagd gﬁffthe trﬁggfoit é .r of the Grand l'ianc
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PCRs which 35 all ow r#-¥ohage contralledncnyfstaloosdillasort £ aperates ap a he
Oy ek Soxa8ina clock @ehudepcie T MBS f QnRBIB it 1| 0co
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exanpl e, durbefgveen the received PCROvaine)Gi&@d in latch 15, and a latched value
PCT/ US9G/()75§drived b connting VCXO 17 in counter 18 and stoting in labdh?39M SSion
by switched S g% ur.es ndlﬂgopesskng etc.% §§§§&r, transport
packets may B8U&y # i% sypehropized by  the gscaiv Rnyaluee which in,um,
may not be ciy represéutativesefd tiee cldek frequehty, atathit tipsciofi entoding. Let the
successive timestamp values be designated TS, and TSp+1. Let '
corresponding successive count values stored in the latch 19 be

15 designated LCRpand LCRp+1. The clock controller 16 reads the
successive values of TS's and LCR's and forms an error signal E
proportional to the differences :

E => ITS, - TSp4q | - ILCR,, - LCRpy!
The error signal E, is applied as a control signal to condition the voltage

20 controlled oscillator 17 to produce a frequency equal to the frequency
of the system clock from which the PCRs were encoded. The error
signal E produced by the clock controller 16 may be in the form of a
pulse width modulated signal, which may be rendered into an analog
error signal by low pass filtering,' not shown. The constraints on this

25 system are that the counters throughout the system, namely encoder,
decoder and recorder, 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
in the encoder.

30 It will be noted that the occurrence of transport packets
generated as illustrated for example, in FIGURES 3, 5, 6 and 7 are
synchronous with a system clock. The system clock was in turn
synchronized to an encoder clock via PCR's located within the transport
stream and derived in packet source 12. The occurrence of these

35 transport packets are time stamped in cooperation with the receiver
synchronous clock, and the respective transport packets are tagged with
timestamps, derived from the clock before application to the AVD bus.




intermttent occurrence of tinestanps in the transport stream The 5 AVD
bus 500 is illustrated coupled to a source of timng perturbation,

bl ock 05 which may inpart a timng error At to the data streans

present on the bus. The source of timng perturbations or jitter may

result frombus switching, bus arbitration, tinebase nodul ation, or

recordi ng and weyg7medsset i on processes. AVD bus 500 with tim ngPETAS6/0¥881 At ,
is coupled to block 50 which renoves the t4mng error: conponent, and
restores the bus signal corrponents To facilitate the
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14. The @®wldividek between r ol 20-bitl 4imestamp, 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. FIGURE 4A illustrates a first sequence where the first 20
bits of data represent the timestamp, the second 4 bits represent the
25 playback rate code and the final 188-bytes comprise the transport
packet. FIGURE 4B illustrates a second superpacket arrangement where
the first sequence comprises 12 bits of reserved data, for example
playback rate code, the second 20 bits represent the timestamp. The
final portion of the superpacket comprises the transport packet. The
30 superpacket stream occurs in bursts with intervening gaps, where the
bursts comprises the superpacket and transport packet etc., which may,
- for example, contain 140 or 188 bytes, representing DSS™ and MPEG
packets respectively. The active portions of the frame clock are of
. constant duration, with inactive intervals of wvariable duration which
35 correspond with gaps resulting from deleted or non-selected elemental
streams. These variable periods of inactivity may provide considerable
flexibility in the formation of superpackets. |
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6 controlled to extract the PCR by a packet timng pulse P which is
coincident with and indicates the occurrence of respective transport
packets. Packet timng pulse P is derived fromthe programtransport
stream by packet source 12. The PCR value, which is demultiplexed by 5

bl ock 13, is cwodeossbor storage by latch 15. PCTHUSP6PTS8Y e
controlled crystal oscillator 17 operatesgat a nom nal clock frequency
of 27 MHz and is controlled by a clock controller 16. A control signal
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val ue, stored |§ | at ch an ﬁ)ed vat gia 10..de |ve ﬁﬁ VCXO
17 in count er°seHIatRg ¥ iy 3sfumg fgn sta Y‘TW&@I fi zed

by. t he recei \MemWaialms,mm mcxllntonroounts, may bepcemmﬁmcated (fbrt he

cl ock freque fo &; tanp
val ues be des ?SPM?]dg Ega élﬁbnﬁaﬁon & ﬁ’u%?ﬁgé Xg &seggg ssive
count val fes oP‘é‘E!‘f?"chtehE Iaats&’ﬁc °Bé’s‘1egﬁat Qi ﬂ?@ﬂ"éﬁr‘}‘et&ﬁﬂn

LCRl err]. Thetimestainpsovaluss eepreSentams eldpsed numbee cof uiscillatot ugrley, TS s

d LCR f
212, o i) gt Conperdl il b Wi 45"
| s appl i ed adinteryah hegween jHmestamps, g Howayerndf \the; glapsed tlB'-lS’nﬂ“GFY%!d
osci |l ator 17bdtwepnotinpestamps cizudisturbssil @r pertuttsed, r eutheC vecurrenéd, ohe

oo B ﬁ?&%ﬂf@ B "7 iRy cpoodid 4 ke
wi dt h nodul atstampednthe timestampnvalges, GMenQidbﬁnllwdalﬁOa‘mﬂtt@ OfF error
signal by | ovgymgﬁ,,{mét@r'lragewmg" slodenescliligtogonstraints on this
FIGURE 3B illustrates in simplified form, processing
employed within superpacket restoration block 50 which utilizes
15 superpacket 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
- 20 with time perturbations SP X At, is coupled from the data bus to a
demultiplexer DEMUX 52 which reads the timestamp from the
superpacket. The superpacket signal is also coupled to a buffer store
STORE S. PACK 51, which is controlled to store the superpacket
responsive to, for example, a frame clock signal FC, or other control
25 signal derived from the control conductors of AVD bus 500. An
oscillator 54 has a stable free running frequency and has an output
signal CK which is coupled to buffer store 51 and to counter 53.
Oscillator 54 is required to have a nominal frequency which is fairly
close to the frequency of the clock employed in formatting the
30 timestamp. The count value CTR, of counter 53 and the demultiplexed
timestamp TS, are coupled to a buffer store read controller READ CTRL
55. The read conmtroller compares the separated timestamp value with
the free running oscillator count, and at coincidence generates a read, or
output control signal EN. The output control signal EN is coupled to
35 -buffer store 51 which outputs the respective superpacket responsive to
the control signal. In addition to re-establishing superpacket start time,
the superpacket bit rate is restored by clock signals CK derived from
oscillator 54. Thus, by means of the superpacket timestamp and the



25 system are that the counters throughout the system nanely encoder,
decoder and recorder, count the sane frequency or even nultiples

thereof. This requires that the nom nal frequency of the voltage
controlled oscillator be fairly close to the frequency of the system cl ock
in the encoder. 30 It will be noted that the occurrence of
transport packewio®7/00s80 generated as illustrated for exanpl e, PCI/OS9GIOFBE 3,
5, 6 and 7 are synchronous with a syst®m cl ock. The system cl ock was
in turn synchroni zed to an encoeder clock via PCR s located within the
t ransport stableeafneearrdnnimgi oscillatorp athkeetining r ereorl At ifhfemeoved raidc ¢ach

hese 35 t t ith I
recetver B E!?]F"“ g a“%“*“e“e‘é GUERE e BuGEBREITY B Wrhd GE o3
tagged with C*% by generalar rﬂt cIIQQk Sdnes dhe smperpacket is o

the AVD bus. clocked out by a lock7 sijfifabOfrom oscillator 54, the superpacket has
PCT/ US96/ 058 1gy stantially
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The | at ched S 5 frequen of, t.he
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clock signal FMus 300 far ge-fransgnission &quther ug ldote anerrsmmhpsTbeyond the
coupl ed toQbl Csdm'é’e? ofﬂﬁiﬁn v&gﬁuﬂﬁﬁb edr rpdekef SP GRGY béoﬁuhzed within

Cransport pacedh SPPErdtgh o€ c&ﬁ%%%é’mm o, dpék ) 8 forpy par.

coupl ed from formattingInl generak, rasordinge systomsogelyt on sigmal presémoe ora
- absence to provide an elementary level of signal loss detection.
Additionally, continuous signal presence, particularly in a digital

15 recording system is advantageous for data clock recovery. Since
magnetic recording systems are subject to random signal losses of
variable, and unpredictable duration, it is beneficial to employ a record
signal having a constant bit or clock rate. Thus with such a recorded
signal, periods of missing data may be considered representative of

20 recording media losses. .

In FIGURE 5 bus interface 102 accepts bursts of
superpackets from bus 500. The superpackets are coupled to signal
sorter 202 which contains demultiplexer 30 for separating or reading
the constituent parts of the superpacket. In the exemplary system of

25 FIGURE 35, superpackets SP, rather than transport packets are recorded
on recording media 405. The superpackets, with variable length gaps,
are coupled to a data buffer 281 which forms part of recording circuitry
28. Data buffer 281 and associated circuitry may be clocked with
signals derived from a sync generator 99. Sync generator 99 may be

30 synchronized by clock signals generated by a stable, VCXO clock
generator 37. Clock generator 37 may be synchronized to the
superpacket timestamp during a record mode. Data buffer 281
smoothes the bursts of superpackets to remove or substantially reduce
the intervening variable duration gaps for further processing within

35 recording circuitry 28. For example, Reed Solomon error detection and
correction codes may be computed and added to the buffered
superpackets as illustrated in block 282. The buffered superpacket
- data may be stored as deplcted by Format Sync Block 283. It is known



AVD bus 500 responsive to control by controller 23. Fl GURE
4Ais a pictorial representation 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 indicate the occurrence or 15 presence of a superpacket
on anot her of the AVD bus conductors. Wen frame clock FCis in a high
state, a supewpawbosss is framed within and coi nci dent WPCHUSHROTRIIgN
state. The high state or active interval16f the . frane clock is of
constant duration for all” packets, and in this exanple is equal to the
duration of td&‘h\ﬁﬂgh()r bnterb}vesdatihpner 16 lrdvprdingatee mibigats \effends eft ween a

20-bit ti etk &rhEélﬁyxﬁﬁfktersﬁhe Oétic tﬁble enoils%jméfl transport

packet. |f tr | ess ,t oaded in
the | eadi ngFeRIOANE ovhep@%ﬁﬁb@ﬁpspaweferf}@n%%u e carried @foeveRdhe:

FI GURE 4A i bbﬂeﬂrefwrecdrdedtsegme,nte whbead tseanf iorsién 2Verage inthﬁe Ef dat a
represeng t _ st r t rate
code an(rjgt hgﬁf“ n%? @8 y{‘g’? Wﬂﬁl?he rdg%’éq%ﬁ] fomgttéci ?i 1931%? RE 4B
i | | ustrat esS¥ngeBlork é’ﬁﬁertﬁaﬂmucar-‘rﬂ?gblﬁﬂkﬁ baving a data tstectazes whiehjuence
conprises lgay iconfprisecac preainbiet 6r symt e»oadpidenufymgpth%y bagk dgfatige code,

the second It | t t he
super packet &%8%)??15&8&%@8@%%&%8% ngc : §8°°’95§e€sb5‘83&‘\°1k§pr ggﬂm
occurs in b@r Postamble.i nt er veni ng gaps, where the ‘bursts conprises the

super pac@et and transBfiok eodedst sififfled whd Céynvh Yock formét@éd eddtiPhy Gentain
The active BiEhe, AroReaE] kol deitey §§§3n§?2f‘no¥5 émbogimERt, ifibfips p%‘ﬁt e
i nactive i nrenordlblock REE AMOPE(284: i Recondiaodimgs mayobe aispdrto pednke gups
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variabl e befd odsg gugg'aﬁ@egv £HBRheBE  b§kenRitbF 3 processed ‘supsradiet” |

15 signal.

The replay process performs the inverse of the record mode
signal processing. The replay signal 407 from transducer 406 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

20 sync word and the data is clocked into a memory, represented by
DEFORMAT SYNC BLOCK 272, to cnable 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

25 throughout the data contained in the recorded sector or track.
Following deshuffling the data is error corrected in block 273 using the
exemplary Reed Solomon code added during record processing. Thus
output data stream 401, from replay circuitry 27, represents the
buffered superpacket stream as generated by packet buffer 281.

30 However, to enable subsequent decoding by decoder 24 of IRD 100, the
buffered superpackets are restored, in block 453, to more closely
represent the timing and intermittent or burst like delivery of the
superpackets as formatted by IRD 100 prior to recording. Operation of
superpacket restoration circuitry 450 is similar to that described for

35 FIGURE 3B and is described following the explanation of oscillator and
timestamp synchronization. _

FIGURE 5 illustrates an exemplary utilization of timestamps
for synchronization and timing purposes in digital recorder 400. In a



WD 97/ 00580 ' PCT/ US96/ 07581

Ti mest anps are sanples of counts froma high frequency oscil | at or
which is assuned to run stably, w thout perturbation. Hence ti mestanp
val ues, or oscillator counts, nmay be conmunicated, for exanple, to

provi de oscillator synchronization or to uniquely identify 5 the
occurrence of syceyrmossdi c i nstant or event. Differences betweeRCT/USISNTSS1
ti mestanps val ues represent an el apsed nunppr of oscillator cycles,
which may alternatively be considered to represent an el-apsed tine
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whi ch i s enabveltagey cantrolled esgillators 34 which, hasna, npmingly freeoFunmnrghus 500.

The super packfibqadriiyaiclaée toi the tfréqueneyt usédit doogenéfate [ tie jsuperpakket i's -
coupl ed from t.he gg}na sbus to a derul ti pl exer DEMJX 52 which reads the
ti nmesta r ot 53 ps- super packet. The superpacket signal is also coupled

to a buffer store MEQUMml&,cammi@ecéﬁﬂﬂbM% tin lateh 3%:he
. superpacket the eagﬁismaéeo& 80, alepts Auaitiiplexer fdotitFollérogB £ ProvideCa or

s00. an° wadenss, & conFnl, Sigpalt I AResilibg SeREIE. VIR PSS
out put ssepanateCthevrgarnposents upf dhiet suprrpacketst oThe Sumestamp ¢ontainad
ity 13 SO abbeiced dgiod e gonany wenansex 1 s
30 tinest arrp‘.y‘ﬁ]@i‘?ﬁjangﬁgﬁ%é,ﬂﬁ?eﬁ%twnSg’%{ﬁhg 8%51\?“ I exgd ©
ti mestanp TS, recoederoisplaesanged stob hiahdle, SDEMUKe30 may be| desigmmito qurvide
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

20 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 control circuitry 29. Transport packets may
be provided at another port as an alternative signal for coupling to
record buffer circuitry 281.

25 The clock controller includes apparatus for storing
successive values latched in latch 35 and successive timestamp values
stored in MEMORY 32. The clock controller 39 reads the successive
values of timestamps and latched counter values and forms an error
signal E proportional to the difference. The error signal E, is applied as

30 a control signal to condition the voltage controlled oscillator 37 to
produce a frequency equal to the frequency of the system clock with

. which the timestamps were generated. The error signal E produced by
the clock controller 39 may be in the form of a pulse width modulated
signal, which may be rendered into an analog error signal by

35 implementing a low pass filter 38 with analog components. The
constraints on this system are that the counters at throughout the
system, namely encoder, decoder and recorder, count the same
frequency or even multiples thereof. This requires that the nominal




55. The read controller conpares the separated tinestanp value with

the free running oscillator count, and at coi nci dence generates a read, or
out put control signal EN. The output control signal:ENis coupled to 35
buffer store 51 which outputs the respective superpacket responsive to
the control signal. In addition to re-establishing superpacket start ti rre
t he superpacket weia7/0ps80e is restored by clock signals CK deri &
oscillator 54. Thus, by nmeans of the superb2cket timestanp and the
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receiver system clocﬁ ﬁXwever, superpacket timestamps may be

15 derived from a stable oscillator, independent of the receiver system
clock, which may also be utilized for recorder synchronization.

Timestamps are samples of counts from a clock oscillator

which is assumed to run stably, without perturbation. Hence timestamp
values, or oscillator samples, may be communicated for remote

20 synchronization or to uniquely identify the occurrence of a specific
instant or event. Differences between timestamp values represent an
elapsed number of oscillator cycles, which may be considered to
represent an elapsed time interval. When digital recorder 400 replays
a recorded signal from media 405, VCXO 37 may not be controlled in

25 response to reproduced timestamps. Control of oscillator 37 is not
possible because, although timestamps represent numeric values
sampled from a stable oscillator, the clapsed time intervals represented
by timestamp values is violated if the reproduced occurrence a
superpackets, or the spacing between corresponding points on adjacent

30 superpackets is not the same as when encoded. Such reproduced timing
differences may, for example, result from recorder input buffering, data
smoothing, reproducing mechanism instabilities, and transducer
switching.

Hence when digital recorder 400 replays, oscillator VCXO 37

35 free runs, driving sync generator 99 which provides reference signals
for the recorder mechanism and the processes of block 27. The stability
of VCXO 37 and sync generator 99 is sufficient to facilitate recovery of
the buffered superpackets which are output as signal 401. However,




signal having a constant bit or clock rate. Thus with such a recorded
signal, periods of mssing data may be considered representative of 20
recordi ng nedi a | osses. ' In FIGURE 5 bus interface 102 -
accepts bursts of super packets from bus 500. The superpackets are
coupl ed to signal sorter 202 which contains denmultipl.exer 30 for
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The shuffli nginvestamipsr hren\extracted, dre copied emdowbuplw to hdemultiplexer
control block 451. Timestamps may be demultiplexed by, for example,

15 counting data bits based on the superpacket structures illustrated in
- FIGURES 4A and 4B, and knowing where the start of replay data occurs
based on the format of the recorded syncblock and associated sync
word. Alternatively, during superpacket buffering, shown in block 28, a
timestamp identifier may be added to provide identification during

20 reproduction. The demultiplexer control compares the replayed
timestamp value with a continuously changing count value produced by
counting a free running oscillator, for example, oscillator 37 and counter
36. Clearly to enable superpacket timing restoration, oscillators of
nominally the same frequency are required at each end of the system.

25 When the value of counter 36, and the demultiplexed timestamp are
equal, demux control 451 generates signal EN which initiates the start
time of the replayed superpacket. Thus the encoded reference time, for
example the start of the transport packet within the superpacket is
restored. Thus each superpacket is restored to occur at the same

30 oscillator count as when formatted by block 22. In addition to re-
establishing superpacket timing, the bit rate of the superpacket must
also be restored. To enable superpacket restoration, block 453 may
comprise a storage buffer coupled to receive replayed signal 401.
Buffer block 453 may be clocked by pulses CK from oscillator 37, hence

35 each buffered superpacket is read out at a rate determined by oscillator
37, which has substantially the same frequency as used when
formatting. Since the superpackets have been retimed to occur at
substantially the original "encoded" time, and the superpacket bit rate is



period of a recorded segnment, i.e. a head scan, or an average picture 5
interval. In addition to shuffling, the data may formatted by Format
Sync Bl ock 283, to produce sync bl ocks having a data structure which

may conprise a preanble or sync word identifying the start of the

track, an identification code, the data to be recorded (supgﬂgecketﬁ and

a postanbl e. W 97/00580 Error coded, shuffled and sync Bht t ed
data nmay be further processed for rédord coding, 'in an enbodi ment
illustrated as record block REC. CODE 284. Record coding may be used
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20 Successive transport packets are delayed in a compensating

delay element 50, and then applied to a superpacket 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 formatter 47. In addition a playback rate control code, PB, is

25 applied from a system controller 46 to the superpacket formatter. In
this example it is presumed that the camera is operating at real time
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

30 images per second. Such high rate image signals may be used to
portray image movement in slow or variable motion, hence the desired
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

35 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 tramsport packet, controller 46
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11 record node, superpackets from one conductor of AVD bus 500 are
coupled via interface switch 102 to signal sorter 202. The frane clock
signal FC present on another AVD bus conductor is applied to a second

I nput of sorter 202. An edge detector, 31, detects the tran the 5
frame clock IYQPUISHC which defines the start of the actwe%ﬂ#@"@?ﬂck
interval, and responsive to such detectid§ captures in a latch 35 the
count exhi bited by a counter 36. Counter 36 counts pulses froma
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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
15 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 interaction with the interface will be
generation of the frame clock in this example.
FIGURE 7 illustrates a further example of a superpacket
20 generator. In FIGURE 7 elements designated with the same numbers as
elements in FIGURE 6 are similar and perform the same function.
Transmitted transport packets are received by a modem and error
corrected by a Reed Solomon decoder of the packet source 51. The
. packet source generates outputs pulses P, which are coincident with and
25 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
source contains time division multiplexed packets pertaining to
different programs and different program components. Respective
30 packets contain program identifiers, PID's, by which they are associated
with respective 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
35 component payloads are applied to specific areas of the buffer memory.
As respective program component processors 55, 56, 57 and 58 require
component signal data, they request same from the processor 53, which
reads the appropriate payload via the DMA structure.




25 The cl ock controller includes apparatus for storing
successive values latched in latch 35 and successive tinestanp val ues
stored in MEMORY 32. The clock controller 39 reads the successive

val ues of tinmestanps and | atched counter values and forns an error

signal E proportional to the difference. The error signal_E, is applied as
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the clock controller 3%®mesy obethentranspérer packets: dont#is piopirammetbdlat ed
signal, whi Chyl n@@s rPEfTif‘f fg&v}lﬁ%%&@?ﬁ@y r?f’até’ fhg cxseaﬁpﬁl ?.ytg§5transport

i npl ementing ‘a W pdss onen
constraints dppcket Sosihe ercader skstem rré%l@mit smeratmnhr dibgh transpors

syst em narrelproeas‘swess ERFRYS thésed PCRST &R ap Huytthérhet&mystem die@guency
or even

VOO 97/ 005 lot 'f netatop 550 st iy thé %‘krsesckt)& tgenerator T"g 5@9’8@6?0%8&'“

12 fr ecﬂleckywaCht isafmquenge locked d0| the¢ emcader asystenbeclock.r | Thel ose to
EMhFI be n]:)'[ gd t@lfr?gk(r)](f:k %"rtmezgg]es O€H(er g:?]\vgérBé ® @ ?trgrocessor sr?eragfl e as

i |l ustrated |9P°E‘Fm §i3’ g'ﬁﬂc% r?'Fo&r I Ba 2 g r@?ﬂggfonous with a
syst.em cl ock. syuchr@;azeérrmthodhem;aongmalucreauon tipinghr oni zed with to an
encoder glgock via PCR stHe0gadtem Wdck i tcBﬁnted bytﬁﬁﬂﬁ M Sounita"43) hnd

derived 1 n pagket sourc 127, .Jhe.,occurrence ese ransporf packets
are tinme starlPgqcount; yalve, exhip Mm ﬁecounter D 9eP“]§9néW‘Eﬁ\'6§rsl & ock,
and the respewhewether staspoft a presk efranspozt packet is output by the packet source,

is captured by latch 44 responsive to pulse P. The count from counter
43 is latched latch 44 respomsive to a packet timing pulse P derived

15 from the received transport stream to be formatted for coupling to the
AVD bus. 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

20 from a controller 460 are applied to respectlve input ports of a
superpacket formatter 47.

The controller 460, under user control 48, communicates
with the inverse transport processor to designate which program
transport packets are to be packaged in superpackets. On the

25 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 formatter to form the superpacket with
the current timestamp, PB and transport packet. Note in this example

30 the delay element 50 must accommodate not only the formation time of
the first two data elements of the superpacket but also the time
réquired of the inverse processor to ascertain that a packet is the one
which is desired.

In the foregoing examples the timestamp is generated at the

35 occurrence of a transport packet. Alternatively timestamps may be
generated relative to the timing or 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




10 tagged with tinmestanps before application to the AVD bus. At the
recorder interface to the AVD bus, the recorder nmay record the

super packet and may utilize the tinmestanps to generate a recorder

system cl ock which is synchronous with the transport packet and the
receiver system cl ock. However, superpacket timestanps may b Ggf%ived
froma stabl eWOIHB%t or | i ndependent of the receiver syste 4

whi ch nay al so be utili zed for recorder dyhchronizati on.

Ti mestanps are sanples of counts froma clock oscillator which is
assuned to rthe timgbstammiwilb genprallyubearslated tertbe leading adge of theal ues,

or oscillat EragaMEiesk, tHohghe it My Elb?fiie‘fﬂ:ef tHe rtﬁﬁmgeo?%usSmﬁEmH zation
or to uniqu |dent|f t h€ qQccurrence a ecJ f stant or event.
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time intervalpy \4\?/ 2 Wighin2! recorder 400 replays a recorded signal
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sync gener atgw aBfivéhpertion’ of i thes fradiec chitke uatil hkSsubsequéit’ cyéle beameder

g B it bt i 1908 R oromﬁwq%obﬁzf a0,
super padidet Supprpacketseop the elogkathery jatchesvdde in FIGURES 6 and

may be condmoned to capture count values by either the formatters 47

or the controllers 46 or 460 respectively.

A second exemplary audio-video-data AVD bus system is
illustrated in FIGURE 8. This second exemplary AVD system employs a

20 simplified daisy chained bus 501 for coupling between an IRD 100,
digital recorder 400 and a display 110. This simplified bus has only
two conductor pairs A/B with switch control logic C incorporated at each
interface switch matrix 101/102. The switch control logic C monitors
the state of each pair of bus 501 and in response to user selected status,

25 for example, playback or record modes, automatically determines an
appropriate signal routing via bus 501. ‘In simple terms, the switch
control logic ensures that sources of signals are only coupled to signal
destinations 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

30 indicia Vs. Indicia Vs may be generated, as shown in exemplary FIGURE
9, by element 405 and detected by element 401.

FIGURE 9 illustrates a data bus transmitter and receiver
employing an inventive bus status indicator and detector. Ones of the
inventive transmitter circuit are coupled to each input of the interface

35 switch. Ones of the inventive receiver/detector 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
inventive data indicia transmitter 405 and detector 401 utilize the



WO 97/ 00580 PCT/ US96/ 07581

13 specifications for a "reference" MPEG decoder require that each
packet arrive within 25 mcro seconds of it's original timng. Thus
decoder 24 of I'RD 100, nay require that superpacket signal 401 be
restored to nore closely represent the timng and superpacket
occurrence, arWO%00S8therefore transport packet timng, as m%ﬁ@é?‘(f’aﬂ‘ed by
generator 98 of 1RD 100. In additionl8although MPEG decoder

speci fications may specify timng jitter tolerances, a recording and
repl ay si gnalbahmcdssansmlssm conditisn, ¢e intmeidnge DG valtage dlate iodivia he
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r epl ayedl §upavassistan QITNig; & resistae Rbd The dndicia contrel signal may b@(arrpl e the
start of the geherated)r br [degiv@d fécnhi contivl Bigm@rma bnés to a déwieé ored. Thus

ceCh st Pty L Sl o, Aok of Py Ao U™ 2
g1tal player recorde r In an exemplary Play mode, a logical low or
nominally zero volt signal is applied to resistor R5 from control logic
20 410. The nominally zero volt signal turns off tramsistor Q1 which allows
the base terminal of transistor Q2 to assume a potential of
approximately 1.6 volts, determined by the series combination of
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
25 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 R5. The nominally 5 volt signal, coupled via
resistor R5, turns on transistor Q1 which clamps the base terminal of
transistor Q2 to ground. Thus transistor Q2 is turned off and no indicia
30 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
inventive control method requires that an indicia detector is provided
for each data bus pair coupled to a switch matrix. Indicia detector 403

35 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 comnnected to ground. Resistors R11 and R12 are connected
to each bus line and are joined at a non-inverting input of an integrated




establ i shing superpacket timng, the bit rate of the superpacket nust

al so be restored. To enabl e superpacket restoration, block 453 may
conprise a storage buffer coupled to receive replayed signal 401.

Buf fer bl ock 453 may be cl ocked by pulses CK fromoscillator 37, hence 35
each buffered superpacket is read out at a rate determ ned by oscillator
37, which has W@B¥GBR i al |y the same frequency as used when PCT/US96/07581
formatting. Since the superpackets have bdéh retinmed to occur at
substantially the original "encoded" time, and the superpacket bit rate is
WO 97/ 00580 circuit comparator amplifier Ul. An 1nvert1ng inputP G/ 14288/ atdd Slircuit
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causes the output terminal to assume a high, nominally supply rail
potential. Thus integrated circnit Ul output signal indicates a data bus
signal presence with a high level signal and a data bus signal absence
15 with a low level output signal.

TABLE 1 illustrates an advantageous automated interface
switch apparatus controller associated with a digital recorder, for
example, D-VHS. The recorder mode is determined by user command,
for example by manual switch operation or IR remote control. Control

20 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 terminal and an
appropriate bus conductor.

‘TABLE 1. DIGITAL PLAYER / RECORDER AUTO SWITCHING MATRIX

* STATUS OF BUSSES A/B

0/0 | ors1 1/0
B->IN A->IN
B->A A->B

OUT->A | ouT->A | OUT-B

OUT->B

OPEN | B->A A->B

Operation of the automated interface switch apparatus is as follows. For

example, upon selection of a replay mode, transmitter 405 circuitry of

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



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 timng signal

i ndicative of the start of successive output transport packets. 20

Successi ve transport packets are delayed in a conpensating del a

el enent 50, anovoNZ#s8mhpl i ed to a superpacket formatter 47. APCT/US96/Q75i1
start of each new transport packet the couh® exhibited in the nodul o M
counter 43 is captured in a latch 44, the output of which is ‘coupl ed

to fornmatter 401/402, asksotiaved awjthapdntedd legie ©fntheolaucsitigted Phtetface Sswitch
appl ied from fyaEféi‘hﬁR@ttgelhl%Fetf(‘%étd} hbéeneH PEF Qﬂciﬁ%mtaovgaé%e:fus bgs A

this exanple i resume mera | s era

and at nor mal 05&6%1 ravRle theconipni seplay, data %%GDGA lﬂldqul@f‘r@%eavs to
pl ayback speedzhiﬂu ieval cbus life rlemtdcnngem!}e&mhddﬂwﬁdehas tnbemzi@eﬁﬁn may

operate at no ing 3 ges
per secon éﬁgﬁ%# ate ﬁ@gein gc"PIJrgagAgéﬂésg &5 8{ ggﬂl nmage
movenent in spkmedrem;ﬁlﬁabs einng: replay hmede amd mgsustasus is Olowagmfgmgaem
may be communiigahRd aby présent onbaitlier dus EORductdr,CRGRay data frém Uigithl € 2

Speed of LZLEPI? s%/fé%q“a“dﬁé R T e T R R R
define a nunbamd 8. vari abl e codi ng and conpression par anet ers.

When the gtgni ng signal mgr gigigadpliyei/feeordd OV lis HoMRIRA to assubfiiacat es
t he occurrence of ,a n l:i;lans‘ﬁ)ort t&flc‘ket controller 4 V\D

97/ 00580 record mo tomal inferface switch apparatus, 9@% as
15 condfallows. tﬂ‘daef comtnol dogicoassociated uwitht thel automated fnterfacd he

reserved dat agwitch 102 determines the presence or absence of a data indicia on bus
line A or B, as an indicator of data signal presence. Thus in TABLE 1,
15 ©bus status 1/0 indicates that a data signal is present on bus A and this
data signal is conmnected to a recording input 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 recorded 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 is detected on either bus
conductor. Detection of the data indicia Vs controls coupling of data to
the recording input, and in addition, may enable initiation of the pre-
30 selected record mode. Thus, the advantageous control logic prevents
the unnecessary consumption of recording media and ensures the
desired program is recorded without the use of a separate control bus
or IR blaster.
A third exemplary audio-video-data AVD bus system is
35 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




bl ock, for exanple 12 bits as illustrated in FI GURE 4B, which includes

the pl ayback rate code. Follow ng the reserved data bl ock, the count
fromlatch 44 is output in serial formto generate the timestanp. 5
Finally the del ayed transport packet fromdelay 50 is output in serial
formto conpl ete superpacket formatting. The delay incurred by the
transport packewoiorneassee del ay el enent 50 is equival ent to the RGI/BI6NTSS1
necessary to read out the tinestanp and theipl ayback rate code.

The superpackets are appliéd to a desired one of the 10 conductors in the

interface 49 pigdfderc00; Tor Examiple rqb-vnsnaha RIGTEES switch Ofppabity§ O161 ©!
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Operation of the a'utomated interface switch apparatus is as follows.
For example, the user determines that the receiver will receive and
output a specific program data stream. The control logic associated
with the automated interface switch 101, of receiver, 100 determines

20 the presence or absence of a data signal indicia, for example the DC
sensing voltage Vs, on bus line A. An absence of indicia on bus line A
indicates that digital recorder/player 400 is not 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

25 decoder input for decoding and coupling for display. When the user
initiates a replay mode, controller 410 generates a play command for
recorder/player 400 and in addition enables generation of data indicia
Vs. Indicia Vs is added symmetrically to the replay data stream which
is coupled, for example, to the automated interface switch 102. Indicia

30 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 line pair A,
and enable coupling of the data stream and indicia to bus pair A.



conponent signal data, they request sane fromthe processor 53, which

reads the appropriate payload via the DVA structure. WO
97/ 00580 _ PCT/ US96/ 07581
16 ' Ones of the transport packets contain program clock

references, PCR's, which precisely relate the creation of the transport
packet to the WQAI#8MWOsystem cl ock at generation. The transp 96/07581
processor 53 extracts these PCR s and appl2iZs themto a systemclock 5
generator 52. Using the PCR's, clock generator 52 generates a system
cl ock which i Interfageeswitchoapparatus tllog Sridisige reegiver h0f dlekectshihe indicia

system cl ock yglthigé | Ve amdbEndbles icoupliag 6f ahe neplayPdaacferodesadiagtby TRD

packet source ,_henge .t he. transpaor ackets are .relative . -
synchroni zed &ﬁf’hmf‘ﬁéﬁ?plﬁy i ﬁ%ﬂm&rey@onﬁflﬁi simple, smgll_é/ pair bug,may
system cl ock psovidenautbnigtedocoipling dwetween 8o soufces and: lac menitoringl ue
exhi bi tedsby i‘#ﬁucacwet Gt ﬁyge?sgapygé/ t ﬂ?nﬂcﬁ%e%onﬂu&or. when the start of

a new transport- pa IS ou e packet source, is captured by
| atch 44 responsive to pulse P. The count from counter 43 is | atched

| atch 44 responsive to a packet timng pulse P derived 15 fromthe
received transport streamto be formatted for coupling to the AVD bus.
This latched count value is utilized as a tinmestanp. In addition, the
associ ated transport packet is applied to a conpensating del ay el enment
50. The del ayed transport packet from el enent 50, the counter val ue or
timestanp fromlatch 44, and a playback rate code 20 froma controller 460
are applied to respective input ports of a super packet formatter 47.

The controll er 460, under user control 48, conmuni cates



with the inverse transport processor to designate which p
transport packets are to be packaged i n superpackets. r”ll[lﬂg'l"l“”ll”“le

of respective transport packets, the inverse transport ' * procésstr s *
provi des a pulse to the controller 460 whenever a received packet is a
desired transport packet. Responsive to this pulse the controller 460
conditions thevosm a8t er to formthe superpacket with t IRETAISPE/RIFE1

ti mestanp, PB and transport packet. Note2® this exanple 30 the del ay

el enent 50 nust accommpdate not only the formation tine of the first
two data el enments of the superpacket buCLAIMS t he tine required of the
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a speci fliled stonngusmdmsuPerpackaw ©@Msiduration. It is specifically desired

that theaframe clock peéani®(52) for reading respective timestamps (TS) from
- 13 each of said received superpackets (SP + At):
14 a counter (53); and,
15 means (55) coupled to said reading means (57) and to said
16 counter (53) for generating a control signal (EN) indicating each
17 coincidence between successive ones of said timestamps (TS) from said
18 received superpackets (SP + At) and a count (CTR) of said counter (53),
19 said control signal (EN) initiating readmg of said superpackets (SP)
20 from said storing means (51).

1 2. The apparatus of claim 1 wherein said counter (53) is

2  coupled to count an oscillator signal (CK).

1 3. The apparatus of claim 2 wherein said oscillator (54) is
2 free running.

1 4. The apparatus of claim 2 wherein said oscillator signal

2 CK) is coupled to said storing means (51) for reading said superpackets

3 (SP) therefrom.



a fixed frequency clock so that superpackets may be forned
a transport packet is available. It is undesirable to usej aﬁ“lmml"mﬁmﬂ““l
frequency franme cl ock, since this may force a delay in the f br n&t i'on Mof S
a superpacket for transport packets that occurred after the beginning of
an active portion of the frame clock until the subsequent cycle of the
frame clock. |fwovembssoestanp is to be related to the fornati AECTHSIGE7SS1
super packets or the frane clock, then latches 44 in FIGURES 6 and 7
may be conditioned to capture count val ue24y either the formatters 47
or the controllers 46 gﬁﬁ't‘éﬁ' ¢producing a recorded éﬁﬁPCﬁ‘Qm
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O splay 1 s}é’ﬁ r% | nc?lﬁ a’t‘&'? "gﬂ Aoy (Tsymﬁitﬁgpﬂace S Aﬁiln

switch con
101/ 102. 'ﬂ1e indicativec oft ttt;nem@ma ReEWERR sCoTrespopding; parts @ﬁ each pai r of

bus 501 argl i gupeepackets (S@)Uﬁ?ra date tredns ipriorsto Meing aecerdedplsaid pl ayback
or recordfmdes gto &a%%légdeterm nes an appropriate signal
bBEP

routing vi‘a terns, the switch contrqgl | ogi¢ ensures
that sourds of signal & drensdiicer (406) ceparables grith said repordingsmediymyng

that only @ne(msanahdsgeﬁsﬂuag 2 tiafBdudedC ijftlat d(407)arépresentativdaof saidie

presence a dat& gn !on a bus pair is indicated by an 30 |nd| CI a Vs.
I ndi ci a as shown in exenplary FI GURE

el ement 4)5 and det ect cmeans d2@)refor moovering said superpackets SR flom said

illustrates 3@6&&&&!3 sigH1S (@07R" andd recei ver enpl oying an inventive
in

b on f.th
circuit Qf% Coupi e t o HERF ?ﬁﬁﬁf tof sehstaoine an, outoals "SERA) (AO2 SRR T
i nvent i vel 4 ecrécovetatk tsuperpackets: (SP) yiravehichupaiddtime intervalschaveisbaeme

coupl ed tpst hpadsargdf ace switch. The theory and operation of bal anced
line driving anJ reception techniques is well known. The I nventive
data indicia transmtter 405 and detector 401 utilize the '

| 1 6. The apparatus of claim 5, wherein said output signal

2 generating means (450) comprises:

3 means (453) for storing said recovered superpackets (401);
4 means (452) for reading respective timestamps (TS) from
5 each of said recovered superpackets (401);

6 a counter (36); and,

7 means (451) coupled to said reading means (452) and to

8 said counter (36) for generating a control signal (EN) indicating

9 coincidence between successive ones of said timestamps (TS) from said
10 recovered superpackets (401) and a count of said counter (36), said
11 control signal (EN) initiating reading of said superpackets (SP) from said
12 storing means (453), said superpackets (SP) being separated by said
13 time intervals.



X\g 97/ OOSﬁgI anced transm ssion condition to introduce a Bgr/ mﬂm imwll "l"l 3
€o

i ndicia Vs, equally into each conductor of the bus

to transmt data. At a receiving bus node the presence of the data
I ndicia Vs is detected by receiver 401, which forns part of swtch
control |ogic veoostess#hus the presence of a data signal is i n(RCFAISSEOTRE
coupling to a destination via the interface switch matri x.

In FIGURE 9 a single indicia transnitter 4% i's shown coupled to a

single ingut |ine pai r7A A‘h d pﬁ'ahw fof IreprioRifg . a arecordedS % nﬂpﬁﬁ’ﬁi QV' ng

ncl uded d ' 1eecRRUnE, aFRg (o8, #ﬂg &%&39%2%%&%% re%?@s%% s &
transmittdr 4eketined i %igealahsving: Beplusslity «of suparpagkets(SM)i sach of said
coupl ed equal dyperpickeB2¢B qﬁmﬁgos ﬁimépd?f-‘ piekét ATP) hAdNSithhestaldp (TS),

f t t h b b f f ol |
and gr ound AR nHiERERY % EF@féiﬁn%eexﬁﬁﬁfe%@%”bﬁé%%%ﬁs%n it 15

transi st o6 ijarm of saidi mpnrpaﬂ:etﬂ(éﬂ)nm @ datwostreain giriprato rhejng erecorded,
gener at edg h#g&gftﬁf hsﬂ* Iogi C in response to a device

operatlngm) n|t| on .of PI na .

di gi t al pBayer recordeta WWS&HC%&DQW r QP iﬁ mﬁé 559%&*“3 dRedium
noni nal | y9zer@08)! andi germerating apptransdioedr sigml 0(40’13 temsemamvel of cgaid 20
410. Theq m%bkdefeglgnxplt signal turns off transistor Ql whi ch al | ows

t he base ter m na ansi st%?ﬁ %ﬂt 0 assyne a ,potenti al

0
appr oxi matlely 1.6 vol téne*H’été fﬁ”t"ﬁEmSeF SBB?maﬁhFWsom said
resistordR6, triﬁschméddlslgim]DGO]he emtter follower action of transistor

QZresuIt in an emtt 25
applied th%e data bus c% uctg |\fz§ riegsﬁdZé) ﬁagndﬁée%?n noﬁszhﬁl i
nodes a Rdbi C%Prc}h‘lj" sgid ﬁ%‘?ﬁ‘fﬁ{f’ ysupespackes: g(‘f'zg is generated by Iogl c 410
and appl i1eggl to resist orméims [d§3ndfornstoringd said trecogerdd sapespaciietsi {401);
resistor 1%5 turns on trg&@cgtg a%o@ﬂ'ﬁﬂnﬁl e{ﬁs the base term nal of

17 a counter (36) coupled to said clock signal (37) for counting;
18 and,
19 means (451) coupled to said reading means (452) and to

20 said counter (36) for generating a control signal (EN) indicating each
21 coincidence between successive one of said separated timestamps (TS)
22 and a count of said counter (36), said control signal (EN) initiating

23 reading of said superpackets (SP) from said storing means (453).

1 8. The apparatus of claim 7 wherein a signal from said

2  oscillator (37) is coupled to said storing means (453) for reading said

3  superpackets (SP) therefrom.

1 9. The apparatus of claim 7 wherein said superpackets (SP)
2 are read from said storing means (453) intermittently with gaps there
3  between of variable duration.

1 10. The apparatus of claim 7 wherein said storing means
2  (453) is clocked by a signal (CK) from said oscillator (37) to restore said
3  superpackets (SP) to a time sequence existing prior to recording on said
4 medium (405).



transistor 2 to ground. Thus transistor  is turned off anﬂlmuummnmlmlll
or sensing voltage Vs is generated. A singl

detector 403 is shown in FIGURE 9 coupl ed to a bus pair A of datd bés *
501. However, a system enploying the i nventive control nethod requires
that an indicia detector is provided - for each data bus pair coupled to
a switch nmatriWwo978988%0ci a det ector 403 35 conprises a bal anc

formed by resistors R3 and R4 coupl ed fromeach bus line to a parallel

conbi nation of a resistor Rl4 and a 2@apacitor C2 connected to ground.

PCT/ US967 075
conpar atdr aoRes Pfcsaid) plurality; af siuperpackeisu(SRY, said cgapst being r cui t
i s connegt edsﬁwﬂxtEEw%mnht ab ghpd BRiwker "R onesesf Safd SplGFalftyd

coupl o Lot b 8P Ao o St T e%n?niﬁ?ﬁtauy 5

ground or zero volt potent ial. This nominally ground potential is

coupl ed yia resi st Orslf{ll'lﬁedap?%?athﬁ’ S E1aiAN7! WH I .
Thus wi t zeﬁ_o vol ts agE)'pI I ed he non- 1| nverti ng{eli%[)ka%d milbﬁgr v(ogl’,ﬂm
appl i ed g2 fUBRINE.q i nput the output terminal of IC UL assunes a

| ow, nominally ground potential. Wien data indicia Vs is present the 10

Resi storp R11 and R121ps eThensppuranls of cldith gaoiheksifi ddide sa ¢ket9i ned at
a non-1nyert 2P0 Yol frfh 'sBid® %anﬁt?éj means (453) to reiélr)e gapsogie gen

data busjis nomnallyid vehb wﬂuge‘o €ladtn! yewhg;f %QH Bf’tsﬁ ial. The
-+l | t d ut |C Ul
causes ti’c ARRspReke) (O B5 < plawboskryadh codomCRRE] os mpg a

potenti a8 . Tn‘upsodmm aspeed cwhivh tdiffers fromt assped at rwlhrcht gaida réeérdedus
si gnal p‘{eseg}gﬁaw&gs are%&ﬁdl evel si gnal and a data bus signal absence

14. A recording medium (405) having recorded thereon an
MPEG like signal transport packets (TP) being included in superpackets
(SP), said superpackets (SP) including timestamps (TS) representing
intervals between successive superpackets (SP) existing prior- to
recording on said medium (405), said timestamps (TS) being suitable
for controlling a reproduction apparatus (400) to restore said intervals
between said superpackets (SP).

N AWV A WM

(L)

15. The recording medium (405) of claim 14 wherein said
timestamps (TS) control initiation of reading said superpackets (SP)
from said reproduction apparatus (400).

w e

1 16. The recording medium (405) of claim 14 wherein said
timestamps (TS) control initiation of reading said transport packets
(TP) from said reproduction apparatus (400).

w N

17. The recording medium (405) of claim 14 wherein said
timestamps (TS) control initiation of clocking by said reproduction
apparatus (400) to restore said superpackets (SP) to a time sequence
existing prior to recording on said medium (405).

WD -

b

18. The recording medium of claim 14 wherein said
2 timestamps (TS) control said reproduction apparatus (400) to restore an



15 with a low | evel output signal. TABLE 1 iI”I I "
- advant ageous automated interface swi tch apparatus control 'll ”"I m"ﬂml”“l
associated with a digital recorder, for exanpl e, D-VHS. THe fecbrder s *

nmode is determined by user conmand, for exanple by manual swtch
operation or IR renpote control. Control 20 |ogic associated with the
interface swt chWOYPa88t us and digital recorder -  deterni nePEHESIGEESI
desired node and establish connection betw2dh the appropri ate
exenpl ary g}VI:IS i nput or output term pal and an ._appropriate bus
conduct or . intermftent) ocpreenog off Agid SuprerackeisR(IRN CxEMNTHIRG NOTRI X 25
Dl G TAL Pl4yerééndimgicon MalE medium (4MBHJUS OF BUSSES A/ B
0/0 0/1 1/0 _ RECORD VAI T

B->I N’ A- >IN ' B- >A
CA->B - 1 RERL A recording mediumO(405) AbavingUrecatded thefleonBan

QUT->B 2 MPEG like sign@lftransport packet ' fie
e sign@lftransport packets (TP) Eaggumc,lude@ [ng \?\Eacégt:sB

su
eration pf automat ed. i nteriace sw .a . S LS as I
- gzarrpl'e, u%ont(gg)’e%ﬁ oﬂ{r Jp% SPR Eﬁﬁ&éﬁfﬂﬁﬁ’gﬁ?ge‘? t!fHSs‘EWPCd. } yangd;
FI GURE 8 i4 eplaybagkarate Dddec (EB)g saisl playbackdrate acode i(BB) yepreséntingt he 30
output of & byepdidutily spEd oL sald MIPEPMKe sighdi,Casd dife Y
\2/%) ol 00588 determining a reproducing speed of a reproductio;fééﬁgﬁét%g}%()égg)l
7 which differs from a speed at which said MPEG like signal was recorded.



401/ 402, associated with control logic of the automated interface switch
102, determ ne the presence, or absence of an indicia Vs on bus Iines A
or B and couple the output replay data and DC indicia voltage Vs to

whi ch ever bus line is not currently utilized i.e. has no DC sensing 5
vol t age present in exenplary TABLE 1, assuning the digital

pl ayer/recorderwlo-sg?)ldﬁss repl ay node and bus status is 0/0, si QifiYYSoHB758b

signals are present on either bus condupfs)r, replay data fromdigital
pl ayer/recorﬁfG.fq e>l<arrpl e DDVHS, is coupled to b conductors A

and B. 10 - Lf djgital er/recorder ) COMRONEMT| cd to
assune a recpr ogydyde tjhe agt Qg ht er f[&C appar at us
functions as f ol . fThe ¢ont Ji C 4ssO ed|with t ALKt omat ed
interface sW tch det erwn' ne Dr esgnce abgence ta
i ndi cta on bus A B]ree) alnfi cat f NGEVER .
Thus in TABCEZL,J{BT : =]. s i mDhpes i gnal is present
on -bus A andAVEi s si gpar-y sy corhect g ording input of the
exenpl ary D-BUS d regordeqsd Sifilarlly, i th 8ata sj gnal
indicia is presenf , 1 thAalButpmat gd coypjg n te=t he
recordi ng i nput tle—busFB An {inv | ve]aspect of the
automated interface swtch 20 apparét us occurs whemka_r &M node is
selected for the digital pl ayer/recorder but dat COMPONENE e not
present on ej i& b A or B, I .e. bus status 0/0. A condition such as
descri bed ma# urﬁ/ﬂen t he transrg S'P(m. of the specific program:
sel ected for recorded is delgy his condition TABLE 1
indicates a WAIT or record [93 ed 25 c tion is ied to the recorder.
The control |ogic assped HE 2 matednterface switch my
inhibit initiation of] y C LI} a data
si gnal indici %é td¢ e dMU¥ tion of the
data indicia Ml ETED I ng t g input, and
i n addition, ma? abiiel i ni ti = he el ected Jcord node.
Thus, the advant a¥aVal Ma] B WaYaTl the unne¢d4saMy.
consunption of r D redtra—arre Efre SHeS-ad i's
recorded without th con DUS 104 Of b aster.
A third exenpl ary | bus sys{emi$ 35 illygtfraged in
FI GURE 10. FI QU % L rBE+ [asy T
MUX | q—p—
- j-——
LEFT VO : RIGHT
BUS # IN /O BUS
FIG. 4A
TIME | PB TIME | PB

STAMP| RATE| TRANSPORT PACKET STAMP| RaTEl TRANSPORT PACKET]
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. 1 —1>
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FIG. 4B | I
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chai ned bus whi ch coupl es between a "di-gi t'al'u recorder 400, | RD or DSS

recei ver 100 and di splay 110. Advant ageous automated controllers C are
coupled to interface switch apparatus 102 associated with a digital
WD 97/ 00580 ' PCT/ US96/ 07581
21 recorder 400, for exanple, D-VHS and interface switc S
101 associVH@EH0AY h receiver 100 and display 110. TABLE Bc?&ggdé@%‘gt es
t he aut omat ed functions. of controller ﬁége i nterface switch 101
associ at ed with an exenplary DSS[err] iver 100 and an exenpl ary
data signal 5 FIEE Mﬂal recorder/player 400, for exanple, D-VHS. The
receiver node = I ned by user conmand, for exanple by manual
swi tch operation, not shown or IR renpote control. The receiver nay be
controlled to outpundfta to or regglve dataqgromthe singigypg r bus A -
Control | ogic associ A1y t 124 T i3 f par atygp arfd di gi t 4 10
recorder determ t e Au ET hpConMETt in <
bet.ween bus condu TUNER | out yut 18rj
of reteiver 100. 4p 00K gIIX
RECEI VER MODE P CTRL ——
DATA QUT- >A 21 LAY L

QUT- >A OUT- >A ™ 4 14 R HCOUNTE
OPEN 15 Oper ation of tRe2aut t@iﬂ'@e\f itch
fol | ows.

3 | LATCH

FORMAT _ I pg
SUPERPACKET | (L [CTRL

g ¥C
| Tom DM'| BUS
50 c :
_ DM
101 { DM 57> DECODER
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TIMING
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05
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54 53 CTR
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For exanple, the user determ nes that the receiver wll receive and

out put a specific programdata stream The control |ogic associated

with the automated interface switch 101, of receiver, 100 determ nes 20
the presence or absence of a data signal indicia, for exanple the DC
sensing voltage Vs, on bus line A An absence of indicia on bus line A
i ndicates that wwo0esse r ecorder/player 400 is not outputting CROTASEEYSS1
consequently bus line Ais available for transm ssi:gn of receiver 100
out put dat a. TF’@? r output data is 3/80 coupled to the receiver 25
decoder input #o I ng and coupling for display. Wen the user
initiates a repla nd for

recorder/ pl ayer 40 ’im crp tion dRBada indicia
Vs. Indicia Vs &s gd ' BeHAy dat 19 r dam whi 440
I's coupl ed, for N Nifo) ed ¥ e B tCh}# 2. | pei
detectors, for gqganp D QCK RE
determ ne the absence of RP+MUNcT2 \GTRID.] | GTRIX | fne pj r A,
and enabl e coupling of th Inapega t o fRus pRir A
WO 97/ 00580 TP, T COUNTERI U§26| O7B/sPLAY
22 Interface switch ragus 188 wig il NOXQerren t ekt
i ndicia vol tage Vs an ' e %a a Bodi ng
by 1 RD 100 and display g KETD: H , §inple pajr bus
may provi de automated} c ! ES afnropitori pg 5
I nput without the use of B cq 't or.
DM DM
' HC
500u2L {101| L om¥{om | | LosTpecone BUS
RECORDING
APPARATUS 400
150 AR3 ek ]
L
I
I
451 |
-"h-F1
4017
SP#At{!
I
|
! I - | 37 I
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R.S. ERROR 29 R.S. ERROR |!
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23 CLAIMS 1 1. A signal
processi ng apparatus (At) for processing a 2 packetized data stream (SP) .
subjected to timng perturbations (At), said 3 data stream (SP)
conprising a plurality of superpackets, each of said 4 super packet s
havi ng a transp&p978e8ket (TD) and a tinezbéfp (TS), said 5 1

(TS) being indicative of a relationship i me between said 6

super packets (SP) and a reference prior to said timng perturbations 7

([err]t), characterg 2§‘béisaid apparatus conprising: 8 means

(102) for receivin‘=i d per packets fromsaid 9 erturbed packetized

data stream (SP At); 10 nmeans (51) 005' ING ¢ Bﬁﬂﬁ?que|V|ng

means (102) for 11 :ﬂ(xdng sald superpackets (Sﬁ GNAL  PACKETS panis
ti

(52) for reading re

ach f said ei ved
super packets (SP RA ({ o

( TSy <&,

nmeans (55) coupled to said read counter
(53) for generating a control S|g 3 1 ¥i nci dence
bet ween successive ones of said ti :‘-E .Q'elved
super packets (SP At) and a count (Cﬂ% 43 Bh3 [ sai d
~control signal (EN) initiating reading of r packets {( $P) 20 from
vsaid storing neans (51). 1 2. aratus o laim1
‘wherein said counter (53) is 2 coupled to n osgill gt ¢r signal
(CK). 1 3. The apparat us OESC erejn sgqi @ oscillator
(54) is 2 free running. \
TRANSPORT |
PACKETS ~[— 4 46
TIMESTAMP CONTROLLER [
Ny y
. L S H/TT F
b 47| TS TPPB USER INPUT| 48
. FORMAT
SUPERPACKET/‘-* ~—FRAME CLOCK

49 INTERFACE !—b

AVD BUS




1 4. The apparatus of clain12 wherein said oscillator signal 2
CK) is coupled to said storing neans (51) for readi ng said superpackets 3
WD 97/ 00580

(SP) therefrom
PCT/ US96/ 07581

An apparatus for reproducing a recorded signal froma 2 recordin nedium
37‘38‘8“°§¥°gnal bei ng representative of a 3 pl urEFT’Pgﬁ‘W

(405), said rec

‘24 1 5
581

super packets (SP), each of said superpackets (SP) having a 4 transport

packet (TP) and a tinmestanp (TS)

said timestanps (TS) being 5 indicative

of time intervals between corresponding parts of 6  superpackets (SP) in
a data streamprior to being recorded,

a transducer (406) operable with said rec
generating a transduced signa

si ghak; 11 means (27) for

fromsaid 12 transduced signal

(407);

sa'5?§ 7 apparatus conprising: 8
ng medium 9 (405) and

(407) representative of said 10 recorded

recovering said superpackets (SP)
and, 13 nmeans (450) for

generating an output signal (402) of said 14 recovered superpackets (SP)

in whi'ch said time intervahs ha
apparatus of claimb5, wherg€in s

conprises: 3

bepn 15 erestored. 1 6. The
do

put signal 2 generating nmeans (450)
far dtoring said recovered

super packets (401); 4 3 aarg for readi ng respective
ti mestanps (TS) from uo,ll-l > & :
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5 each of said recovered superpackets
(36); and, 7
and to 8
i ndicating 9
fromsaid 10
(36), said 11 WwWOIs7AeB0 si gnal
(SP) fromsaid 12 storing neans (453),
separated by said 13 tinme intervals.
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An apparatus for

Flﬁ}dl&l ng a recorded signal

(401) 6

S

s6/8

2

a counter

i gnal

(EN)

5 1°

means (451) coupled to sald readi ng means (452)
said counter (36) for generating a control
coi nci dence between successive ones of said tinmestanps (TS)
recovered superpackets (401) and a count of said counter
(EN) .initiating readi ng of sai d RTE¢EBR:t s
superpackets (SP) being

WD 97/ 00580

7.

froma 2 recording medi um

(405), said recorded signal being representative of a 3 packetized signal
having a plurality of superpackets (SP), each of said 4 superpackets

(SP) having a trans 'i..L_Dﬁ.CJS.E.L.(-'EE)_a.Dd.a.Ll @%rm = —=q-110
ti mestanps (TS) bei i ndi cat| sepAG, pﬁ cofnrespondi ng parts of
said super packets, (S tGEN." & i o to beilng recorded.§ 7 said
appar atus conpri a tran 406) oper all 1 th said
recordi ng nmedi um 05 t sducqd 4
representative of Haif 1 IO BMIRal ; ﬂlgﬁﬁ%x‘g (27) for
recovering said su S ) e dug )} 13
nmeans (452) for re heeth Wl ¢ t ) ‘Hw¥¥gkiﬁaeach of] sai d
recovered super packgt 4.DM DM F | ns (453) rigtorijng said
recover ed super packqgt |5|401@)—< 403]l} BUSBOBte of a £l ock sf gnal
(37); 11402 405 404]| rA 'éﬁ
B
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17 a counter (36) coupled to said clock signal (37) for
counting; 18 and, 19 -means (451) coupled to said reading
-means (452) and to 20 said counter (36) for generating a control signal
(EN) indicating each 21  coinci dence between successive one of said
separated tinestanps (TS) 22 and a count of said counter (36). said

control signal WEN7/0ps8DPti ating 23 readi ng of said superpacket #bm
said stofing means (453). 1. 8. The apparatus of claim?7
wherein a signal fromsaid 2 oscillat 37) is coupled-to said storing

means (453) for reading said 3 super packets (SP) therefrom 1
9. The apparatus of claim7 wherein said superpackets (SP) 2 are read
fromsaid storing nmeans (453) intermttently with gaps there 3 bet ween of

vari abl e durati 10. The apparatus of claim7 wherein
sai d storing mvElG 3453) Is cl ocked by a signal (CK) fromsaid
oscillator (37) to restore said 3 A(NPYTt 0 a tinme sequence
existing prior to recording on said 4 [ m (405). 102 WO
97/ 00580 PCT/ US96/ 07581
26 1 —=—trt—The" A= Tt - ?wmm?ﬂq
(SP) are read flrom said stori HfMreans gaps between 3 I
ones of said plslurallty Wa%f W—] |
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(57) Abstract

A system for generating a signal (SP) for coupling digital
audio, video and data signals in compressed form via a bus
(500). A processing means (98) formats the digital audio,
video and data signals into superpackets (SP) for transmission
via the bus (500). Each superpacket (SP) comprises a
timestamp (TS), and a transport packet (TP), representative of
the digital audio, video and data signals., The superpackets (SP)
have a fixed duration and occur at variable intervals. Devices
(50) receive the superpacket (SP) signal and may utilize the
timestamps (TS) for clock synchronization. A recording
and replay device (400) processes the variable superpacket
signal occurrence for recording. Reproduced timestamps (401)
are utilized to control restoration of the superpacket (SP)
sngnaltohavesubstanﬁaﬂydxedmﬂonandoccurrenceas
when formatted for bus (500) transmission. A simplified
bus (501) couples superpackets (SP) between devices (100,
400). An indicia (Vs) is added to a superpacket (SP) signal to
provide automatic control of device bus interfaces (102). The
automated interface control is also responsive to device control
status.

1{0 |

DISPLAY

" SPEREAGET
RESTORATION

| et e e et .t 0

BUS
-—----———-——----——-

SPtu 3 ]




