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The invention relates to a signal procegsing system conprising a source
apparatus coupled to a destination apparatus, the source apparatus being
a_rrangegig#%’?msing%g%%i_ ng a signal to the destination appar a_t us, the
signal C risrng Video data and a tine- stanp, the destination
apparatus conprising a clock and neans for detecting when a tine-. 5 val ue
of the clock corresponds to the tine-stanp and for thereupon presenting the

vi deo dat a at an output, the signal further conprising synchronization
data representing a tine-val ue ‘associated with an instant of delivery
of the signal in the destination apparatus, the destinati on appar at us

bei ng arranged for adjusting the tinme-value of the clock according to

the synchroni zati on g}k anvehfibn 'géj%ig@{d' Qﬁﬁﬁgmﬁé%ﬁt&ﬂ Rmiiding SRa at us

and a destination 10 apparatu r suc

A syzt eacliplnmwf coupied: 0 & ﬂsnﬁatmlnrﬂpparanm, Iélmsmr?erappntdm beang afrahged fop- 1
standard, "I.nforpatjon technol.o - codi of noving.pictures an .
associ af‘wlﬂ%lﬁélmair to the deiﬂ'ﬁP?‘i%M%tg‘gg Heaal.comprising yids, aﬂg S\Ee s,

e tho NAER; Si¥egindtioh'apftiabis Momprising S Hlgcl B eat YoF Gefibing Whed 8 T o
MPEGSsy valuersf theralock casrespondsfto thetimerstampand\fE theseupaicpresenting thecvideo data
A NSy D Rty o el TG o R SRR AR IetBenine ¢ fmervalis,
data bejssoeisted With apitistannof délivenyuidbhthe. sighal il theidestimatibhappdrans) thef t hese
varl at 8gs%haéomeap%¥mﬁn%r%dng arranged for adjusting the time-value of the clock according to
the synchronization data. The invention also relates to a source apparatus and a destination
10 apparatus for such a system. .

A system according to the preamble is known from the ISO/IEC 11172-1
standard, “Information technology - coding of moving pictures and associated audio for
digital storage the_dia at up to about 1.5Mbit/s, Part 1: Systems", first edition
1993-08-01, which will be referred to as the MPEG standard. The systems described by it

15 will be referred to as MPEG systems; these contain for éxample an MPEG encoder as source
apparatus and an MPEG decoder as destination apparatus. | | '

An MPEG system imparts delay variations to the transport of the video
data between the input and the output. To eliminate the effect of these variations, the system
provides for a time stamping mechanism. In the source apparatus (encoder), the clock time-

20 value at which the video data must be presented at the output (and the time-value at which
decoding must start in the case of MPEG) is coded in time-stamps. For proper operation this
requires that both the source apparatus and the destination apparatus know the clock time-

" value. - '

However, the clock is located in only one apparatus. Therefore a -

25 mechanism is provided to allow the source apparatus to set the clock in the destination

| apparatus each time synchronization data is supplied to the destination apparatus (in the
MPEG system this data is called the SCR signal). The synchronization data represents the
time value that, according to the source apparatus, the clock in the destination apparatus
should have attained by regular progression at the time of supplying the signal.
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_ Amongst others, it is an object of the invention to provide for a digital
signal procéssing system according to the preamble which uses-a bus in which selected time-
slots are allocated for supplying the signal from the source apparatus to the destination

20 appafatus, in such a way that no bus-dependent intervention in the signal generated by the
source apparatus is needed.

_ _ The system according to the invention is characterized, in that it

25 comprises a bus operable according to a time-slot allocation 'pm'toéol, the source apparatus
comprising a first interface unit for buffering the signal until an allocated time-siot is
available on the bus, the synchronization data being set according to.an instant of delivery of
the signal to the first interface unit, the source apparatus supplying the signal to the
destination apparatus via the bus, the destination apparatus comprising a buffer for buffering

30 the signal prior to adjusting the time-value of the clock, the buffering in the buffer lasting
until a predetermined interval, at least equal to a maximum wait-interval for the allocation of
a time-siot on the bus, has elapsed after the instant of delivery of the signal to.the first
interface unit. In this way, the source apparatus ensures locaily that the signal has proper
timing. The signal is then delivered in the destination apparaius via the bus after a
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An embodiment of the system according to the invention is characterized,

in that the signal comprises packets, mutually separated by pauses, the sample value being

15 obtained upon delivery of a first part of a packet to the first interface unit, the source
apparatus being arranged for obtaining a further sample value from the first further clock
upon delivery of a second part of said packet to the first interface unit, the buffer regulating
a speed at which the signal is output such that the number clock cycles between outputting
the first and the second part of the packet is substantially equal to the difference between the

20 sample value and the further sample value. Preferably, the first and second part are the start
and the end of the packet respectively. This makes it possible to ensure, using a single
packet, that the synchronization data is properly timed even if it is not at the start or end of
the packet, without having to interpret the content of the packet, and even if the length of the
pause between packets may vary. The term packet as used herein covers both MPEG packs

25 and packets. '

A further embodiment of the system according to the invention is
characterized, in that the first part precedes the second part in the packet, the first interface
unit being arranged for transmitting information about at least a most significant part of the
sample value as a difference relative to the further sample value. In this way a minimum

30 amount of information is needed to transmit information about the samples for a given range
of sample values. ' ,

A further embodiment of the system according to the invention is
characterized, in that the first interface unit is arranged for transmitting a least significant
part of the sample value. In this way only the most significant part bf the sample needs to be
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predetermined time interval. In this way, the relative timng of different
signals delivered in the destination apparatus is the sane as in the

sour ce appar . I _ v additidh Wi ket he system
accordi n%@?rgﬁ’ilﬁgd i"H/heen(ﬁs%Irl]aulog ¥ H?_irraglétb ralldz:acﬁ?l A In tha’fﬁ{l%lé source
appar at us and the desAifurthéroembodimenttafghe system aecording to the inventionis a fi r st

further c¢lock and .a second fur i .

means. 1 GRABHERPD R getsad o ebficalt B of AP BHIAY Stk repmpsepts ambare B er by
further siriaaadl attéiiof periddically allocatédtineasluts on alp busa (Rrefebubily\the ipredegsenkiriedr
obtaining a sanple value fromthe first further clock . at the, instant
of de¥i Jintepval és am integer Sumbex ot periads, Iy this case, &F&F@Hﬁ%ﬂﬁ?@"‘i PATHFALPS B$tdabout
t hat 10 1-1%@&2 I rie@?déiﬂf.“ nati on ‘apparatus, the buffer buffering
the si gr?a u tt‘?rﬂs?h%ﬁlse;%ond ' further clock exceeds the sanple val ue by
a predet ernined of f seAnotber esabodiment ofithe system geeordingrtaitheinventien isal . Thi s

provi des,a_sjnple. realizj g ] | .
An- erbodameienged ot e sl St & SERES Mo eRfdtutahe signal frapia, o
in that rebsrdcafie| of WhHich RdS sopekogethenwith fultherscfurthet Gichebstamp fores, t he
sanpl e val ue being 15_ obt ai neg@klggfn del i very of first part of a packet
to t He fregeneratingdhe Himing,pf the s .ﬁu@giymg It %M%FW%APR@% é‘ifg&&"’tgor
obt ai ni r\ﬁﬁ'm I : N . ol "
del i ver;/&o egﬂégconfgégrg{l&%@sag%ﬁ%g%ﬁ@?@btsﬁgé'ﬁé{qﬁ{%@é&?@cgt?Jrﬁlllétj‘?&?he ‘
buf f er rin@mfacd umi¢ In this way psecof the tinte-sthmp Istored gmdlie fesorducarrier restrivtedatthe he
nunber ggg%gtac cI&sﬁ bet ween out putting the first and the second part
of the bstantially equal to the difference between the 20
sanpl e value and the further sanple value. Preferably, the first and second
part are the start and the end of the packet respectively. This nakes
it pbSsible to ensure, using a single packet, that the synchronization
data is pr'operlytimaﬁl 1 4l d o ed dand ?#QE ' : : . ot
packet, w thout having r@ée?{lﬁ#é&%e{lé e %%t‘%ﬁ?ysy?ﬁé’%ﬁ%%tﬂg‘gﬁ tl(5’\I/le‘{raﬁ| f
t he | endiehdisdussedeusing Fignressin whicheen packets nmay vary. The term packet as
o ner enbot et “BRoR SRR S e LGRS i cming 2 mamber o
char act e‘{p?;ﬂq,seg,n that the first part precedes.the second part in the

e first

packet, t interface . .
20 Figure 2 shows the connection configuration between apparatuses used to

deﬁne the MPEG standard,
Figure 3 shows a signal processing system according to the invention,

Figure 4 shows a further improved signal processing system according' to
the invention, _
25 : Figure 5 shows an architecture for a source apparatus for use in the -
system of Figure 4,
Figure 6 shows the format of a data packet for transmission by an
interface unit,
~ Figure 7 shows an embodiment of the time stamping/formatting unit in
30 more detail, _ . . _ o
Figure 8 shows a detailed embodiment of the interface unit in the .

destination apparatus.
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appar at Ughan two apparatuses 10, 12, 16, 18 that are connected to the bus 14, or between one source
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15 (e.g. 10) and multiple receivers (e.g. 12, 16, 18). An example of a bus 14 with such a
protocol is the P1394 bus defined by Apple ("High Performance Serial Bus P1394", draft 6.7
version 1 issued february 18, 1994 by the IEEE standards department). According to this |
protocol, when a source apparatus 10 has to transmit video information, it requests a time-
slot on the bus 14. According to the bus protocol a particular time slot, from a periodically

20 repeating set of time slots is then allocated to the source apparatus 10. _

| Video information can be encoded and decoded according to the MPEG
standard. Figure 2 shows the connection configuration between apparatuses used to define the
MPEG standard. The connection configuration has an input 20, for supplying unencoded
video information to an encoder 21. The encoder 21 is coupled to a decoder 24 via a channel

25 23. The decoder 24 is coupled to a display device 26. The encoder 21 and decoder 24 are
coupled to respective clocks 22, 25. The encoder 21 and decoder 24 can be used as source
apparatus 10 and destination apparatus 12 in a system as shown in Figure 1, the bus 14 of
Figure 1 serving as channel 23 of Figure 2.

In the MPEG encoding process, the presentation units of the signal

30 arriving at the input 20 are associated with time- stamps. Each time-stamp is a sample of the
time value of the clock 22 coupled to the encoder 21. This clock runs at a frequency of
90kHz. The sampling instant is determined by the time of arrival at the encoder 21 of the
presentation unit with which the stamp is associated. |

In the MPEG decoding process, the time stamps are used to ensure the
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interface unit, Figure 7 shows an

tinme %t M eddp the degeger; 24 nesds tobe synehsorizedata the clock 22 of the encoder 21. To

glag'tjlr (ra]at I on apﬁ%@dﬁdﬂgﬁﬁw s@ﬁﬁ’b%ﬁﬂ‘ nf&f‘f’gfe Cl {S(fl{'s) to%he decoder

PCT/ | BO®R40Thase references contam the time value of the clock:22 of the encoder 21 at the time of
" Figure 1 é@n art of tﬂ Mrocesy ng system containing a nunber of
~appar at d§ &’Of° £3ample whag the value;1s,put o the dus 44 inithe time-siot that is hown
sliced gj] t %Pm |}fgéo%8 gty not
shown 1:&9 Bcie goytsheedrtr‘]wé Ilfagtﬁg%cg iﬁseP()E ﬁzlgsa%)lg)av%%kse A tg '&ﬁ tége
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SCR, thus synchronizing its clock to the clock of the encoder 21.
The situation becomes more complicated when a video recorder is used as ‘

a source apparatus 10, or if any other apparatus that merely passes the MPEG signal, but
“does not create it, is used as source apparatus 10. Such an apparatus will need to buffer an
15 incoming MPEG signal until the beginning of the time-slot in which it can be transmitted to
the destination apparatus. This means that the time value of the SCR signal will in general no
longer correspond to the time of transmitting the SCR signal. If the destination appax'ﬁtus 12
of Figure 1 is a decoder 24 as described in Figure 2 this would mean that the SCR s1gnal can
no longer be used to synchronize the clock 25.
20 Figure 3 shows a system for correcting this. The Figure is similar to
Figure 1 and uses identical reference numerals. In addition to the features of Figure 1, a
~clock 106 has been included in the source apparatus 10, which is an apparatus for passing a
received MPEG signal. In the system according to Figure 3, the timing error is corrected by
replacing the SCR time values by time values that correspond to the time of the transmission
25 of the SCR signal. To achieve this, an additional clock 106 is included in the source -
apparatus 10. The additional clock 106 is synchronized to the MPEG signal, as described
hereinabove for the clock 25 of the decoder. The additional clock 106 is sampled at an
instant eorresponding to the instant at which the SCR signal is transmitted in the time-slot
which is allocated for transmission according to the bus 14 protocol. ‘The sampled value is
30 used to replace the SCR value in.the MPEG signal that is passed by the source apparatus 10.
A video recorder/reproduction apparatus, which retrieves the MPEG
signal from a record carrier, may be used as source apparatus 10. In principle, the MPEG
- signal might be recorded on the record carrier after some elementary channel encoding
particular to the recording medium. If the speed of the record carrier is the same on
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funct i onaWoai01540.02, and an interface unit 104. The deIiTBOSAdoSHN
vapparatus 12 contains an interface unit 224 and a. - functional unit 122.
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However, when the source apparatus 10 merely passes the MPEG signal,
as is the case for a video recorder, it is disadvantageous that for this correction the source
apparatus has to interpret the MPEG signal in order to locate the SCR signals.

Figure 4 shows an improved system for correcting this. The Figure is

25 similar to Figure 1 and uses identical reference numerals. In addition to the features of
Figure 1, the system contains a clock 108 coupled to the interface units 104 of the source
apparatus 10. The system furthermore contains and a buffer 129 coupled between the
interface unit 124 and the functional unit 122 of the destination apparatus 12 and a clock 128
coupled to the interface unit 124 and the buffer 129 in the destination apparatus.

30 In operation, the clocks 108, 128 in the source apparatus 10 and
destination apparatus 12 are synchronized to each other, for example in response to signals
which are periodically created on the bus 14 by a time-master apparatus, which may be any
of the apparatuses 10, 12, 16, 18 connected to the bus 14. These clocks run for examﬁle ata
frequency of about 25Mhz, that is, much faster than the clock in the MPEG decoder, thus
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of ths e@aselysedtp indicatndhe ngantsrof events in theysignal epepded byntoe MERESignak 18R
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encoder S SOurce appar at owWs t eVdecoder 2410

tinme 10 destihationcippatatusci2of@) refpectivelyre time val ue contained in the SCR at
'the time of arrival o thgnalwhxch 1séncogedsbs¥hncﬁl’%ﬁ1 ggtl clov%Etét t he

cl ock -of the encoder S nore

conpl i C%ﬁﬂnfé"&e&cﬁ Whidh Ravé€fPbe ficrdated With tiir originalPrelidive tEning R tidl SApRQE OF
i f any other apparat us that merely passes the EG signal, but does

not d0eathe destination appasatys 12our ce apparatus 10. Such an apparatus will need

to buffer an 15 i nCofauREs ShA"Y02 iHthe LoyrBCafiapsiis irdtped P sippPat ! 0!

in which it can be transm I on apparatus
means t MPBChsighalnd theinterfact unite s@BRhat the SCRisighals appean at theimeorrect mstwnger

appar at U624 on the kpe Patkes SKE; Dnen feckpton ob ahe, MFERE ignsle 3t A7 8Pt he B {1y <
woul d gﬂ@%&ﬁ@ﬁf aceiit(08 @fPled itsCaibek 108 Mséq@aﬂw mhaﬁmé-ﬂaWamtze

t he cl Fi gure 3 shows as&tem or
cor r 5t i avgordingsto thidusprotocol ithe interfacgunitol04 transmitg the MPEG) gignalin | dent i cal

106 has. G iR S v B indI0dCiod Yhs MpRCERL by rbived byt
passi Ng second _mterface unit 124. This interface unit 124 place the signal in the buffer 129 until the
clock 128 of the destination apparatus 12 exceeds the sampled value of the clock 108

transmitted with the MPEG signal by a predetermined delay value, upon which the MPEG
20 - signal is passed from the buffer 129 to the destination apparatus 12. In this way the timing of
the signal produced by the functional unit 102 of the source ap;jara_tus 10 is reproduced with

the delay value, which is chosen at least as large as the maximum delay that can be caused
by waiting for the time-slot allocated to the source apparatus 10 accor_dirig to the protocol
used for the bus 14. _

25 The best way to ensure correct nmmg of the instant at which the SCR
signal is dehvered to the functional unit 122 in the destination apparatus 12 is to sample the
time value of the clock 108 at the instant that the SCR signal is presented to t_he interface

* unit 104 of the source apparatus 10, and to supply this signal to the functional unit 122
according to the obtained sample. However, this requires interpretation of the signal, in

30 order to locate the SCR signal. ' | |

A preferred alternative is to sample the clock 108 in the source apparatus
10 both at the instant at which the interface unit begins receiving an MPEG signal packet,
and at the instant that reception ends. Thus, the duration of the packet is measured in terms
~ of periods of the clock 108 in the source apparatus 10. Information describing the start of the

(

¥



recei ved MPEG signal. In the systemaccording to Figure 3, the tining error

i s corr e¥QW/0ig40 replaci ng the SCR tinme val ues by ti nRCT/EB9§08531 hat
correspond to the tinme of the transm ssigon 25 of the SCR signal. To achieve
this, an additional clock 106 is included in the source apparatus 10.
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her ei nabove for the clock 25 of the decoder. The additional clock 106 is
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be used pyfe Sfinforfation font the pabket|oalpifi the tiplecvalid6f tEfack 128 dxcesi/thetigit be
recorded on the record caryrier after some el ement afdy channel encoding
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part i cuMaleay the start of trapsmission by a.dragtion;of the, geceived duration valus; he-fractios; i s
the Samdmg to the reffiva Positiod Bf the byte in the packet. In this way, even thoygh no

PCT/ |1 B

recordi Wﬂmpobﬁeqﬁabm octurs, aibsigrals drsidet the ipacked,” sueR rak thé SCRsigdaE will
siigng] . However, has been found that if reproduction were done this
way, 10 1 ZemgR Hroper g tiged he SCR signal as it is recovered fromthe

record carrier is no M%Emm{oh‘iﬁ'ttheir%nﬂiﬁme&

as tape stretching. From a copendi gapﬁlcatlon oth
same asd0§ ne&e(smvem che ensinofGbe packet preferablysdogs neBCOntmfl ¢he:fudkbsafigle of clotis,

in parti e 22 |ine. Wi N | ncor poy at ed
ner or n 198 & uPBRCer oose fichnd s oF el es. By B8 orfipa. Recalien ¥ i
mechani st mmmﬂwmdemmwmemka dthé hﬂérf&quh 104"of the soeeer di ng
node, the further |l ock is used to associate further tine stanps with

t he JPEEPRATRHE I orcéﬁ'lqt\FéWrF Predetermipgd maximum o thespost significaatpitecan bgn an
encoder r&bnsthltekfin ME dBRinalibi BppriP 32 28§ ohfiftiig e nfdBt iffificant part the

transmission capacity required to transmit the samples is reduced.

Furthermore, the information describing the start of the packet is
preferably given at least in part as a difference relative to the sample value describing the
20 end of the packet. In this way the capacity required to transmit the samples is reduced.

. However, a least significant part of the information describing the start of the packet is
preferably transmitted as a clock sample, i.e. not differentially relative to the end of the
packet. In this way, only the most significant parts of the information describing the start of
the packet and the information describing the end of the packet need to be summed in order

25 to compute the instant at which outputting of the data from the packet from the interface unit
124 in the destination apparatus 12 begins; the least significant part need not be summed.
This economizes on both computation effort and transmission capacity.

- Preferably, the least significant part which is not differentially coded

relative to the end of the packet indicates the phase in the periodically repeating pattern of

30 time slots at which the start of the packet is received. The instant at which outputﬁng of the
data from the packet the interface unit 124 in the receiving appafatus 12 is initiated is then
preferably an integer number of periods of the periodically repeating pattern of time slots
after the arrival of the start of the packet at the interface unit 104 in the source apparatus.
This instant is detected by comparing the least significant parts of the clock 128 value in the



record carrier together with the MPEG signal, such that it is possible to
i dentify WR&PWHht s in t he MPEG signal that correspoRCTIBIYI9S3I urt her
time stanps. Wejp t he video recorder is used to
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her ei nabove with reference to Fi e€ corr ctlng the SCR tine val ues
according 20 to the tﬁrﬂegq’mg‘ Pl format %mnumgr tion ?@lﬁi%n

access t gk é‘d@!d&klé:;mthe source apparatus. 10 to th dekIMABIYR apptdRS 1218 '
appar at us 1‘n nerely passes the EG signal, © as ia t he caseu?é) gdeo
recorder, it is disadvantageous that for this correction t he source
apparatus has to LI g I e the SCR

si gnal s. klﬁ%ﬂg S%'ng %E?&uﬁrlqu ?\%i‘gﬁé’i ér%?% system f or
correcting this. The Figure is 25 simlar to Figure 1 and uses identical

reference _nunerals. In addition to the features of Figure 1, the
syst dfh cOMEEihs a cl ock 108 coupled to the interface units 104 of the

source. .  appar SPH%S@:S the Bhase U ne Eldek 108 fifpm% m %E‘({ 129

coupl ed between th Lnterface unit 124 and t e fu

uni t
t he dest amiyal oﬁthamaakeitagshemtqfaaeanmleémfmSoume appagatie 0.t o t he |nterface ‘

' oper a on. 1 neBEFUR BBl eI 38 ARG i e ca o

desti natmmopmaq:‘amtheﬂwmmwhmnmmm@sme&appamﬁs 16.0r exanple in
response to signals whi ch are perlodlcally created on the bus 14 by a

ti nelfast er appar §GIdS therdifferenes befwesn the periodsjumbes of gprival of shesstary and the 16,
%?eaﬁgzgy ng a&#’&é?ﬁ/ﬂ‘é‘ mﬁfaa'%ﬂ@ﬁﬂit QWQﬁﬁiﬁﬁge%WL@C?gcﬁ in the MPEG
"~ decoder, -t hus ECN is the period hOmbeirOof arrival of the end of the packet at the mterface
PCT/ 1 B95 09 ?& in the source apparatus 10. ' |
The source apparatus 10 may be a video recorder, with a record carrier
20 on which time stamps are recorded that refiect the timing of the MPEG signal as it was
received when it was recorded. In that case, the source apparatus will contain two clocks: the |
clock 104 connected to the interface unit 104, and a further clock (not shown) used in
connection with the further time stamps recorded on the record carrier to reproduce the
original MPEG signal before it is supplied to the interface unit 104.
25 In this case, in principle, it is also possible to omit the use of the clock
108 connected to the interface unit 104 in the source apparatus,': and to send the further time
stamps via the bus 14 to the destination apparatus 12, where the proper timing of the MPEG
signal.is recovered, as described for the video recorder in reproduction mode reproduced. In
case the destination apparatus is a recorder in recording md‘de, it would then not even be
30 necessary to reconstruct the MPEG signal. Instead the MPEG signal and the time-stamps
obtained from the source apparatus 10 (which is a video recorder in this case) could be
recorded directly on the record carrier in the video recorder in recording mode, without
further time-stamping. In this way the sampling to obtain extra time stamps is avoided, and
with that additional time jitter is avoided. |
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124. 10Thiefenentse3053 506 (alisé irl thé fohetivnal bt SOyl sighal Makingfrecsivihg Leent 1506 he
clock 128 of the destination apg)q us .12 exceeds the sanpl ed val ue of the

cl ock 1der the a“filor‘éiﬁ%‘?ﬁ'?if a0dazd it ?’TR t NPiEe Sasspng/fyrmattingcinit &t himbe del ay
val ue, me&m‘ﬁbsf.hﬁegg@ m@&eabing%nm %sffgfmet&ﬁ%fg{dg%ﬁof gnit e

desti nation apparatus 'S way Che ti1mng
pr oduce§02ys cduplddtoct treasattiomunit 32 inothetinterface iunie 5 hpPhe times 10 i s

e SR e forpaing b A1, 8 ol 0'4 Sel S, R e Bamafffornandoi °°
al | ogat 841 fafid tctramuétioh @RESIPirecolpled a6 A'lfHkEydrouri'$13 'THediX layer unit!SE
for the bus 14. 2 The best way to _ensure correct

5
timng & coupled tosa physical layes unit,iwhichsisscoupled to;the gpnnieston S2i demede t o t he

functio ' i1 ; ' L t [ p
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t 0 t he iphysical dayer unit 514nit 104 of the source apparatus 10, and to supply

this signal to the f %%tb'ugnaﬁl)wg rt]\'\r<t> t);pzeg of message packets to be transmitted: so-called

20 asynchronous packets and isochronous packets. According to the bus protocol, the apparatus
can request that a periodically recurring time-slots is allocated to it. The interface unit 52
then transmits the isoc;hronous packets over the bus in the allocated time-slots. The
isochronous packets typically contain audio/video information. The asynchronous packets are
also transmitted in time-slots, however these time slots are not periodically recurrent, but

25 have to be acquired one at a time using a bus arbitration protocol. The asynchronous packets
typically contain command and control information. '

In operation, the audio/video unit 504a-d creates for example an MPEG
signal;” in combination with header and subcode information signals. In the signal unit
making/receiving element 506, these signals are converted into signal units acceptable for the

30 interface unit 51. The signal units are passed to the time stamping/formatting unit 511, which
samples the clock 516 upon their arrival, and forms signal packets, containing the signal
units received from the functional unit 50 and the sample of the clock 516. These packets are
passed to the link layer unit 513, which takes care of addressing the packets, data checking
and framing. The packets are passed to the physical layer unit 514, which provides for the



according to the obtained sanple. However, this requires interpretation of

t he si gnaWoO26@1¥0 order to | ocate the SCR signal. PCT/IB95/00531 A
preferred alternative is to sanple the c%)ck 108 in the source apparatus

10 both at the instant at which the intertace unit begins receiving an MPEG
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transm ssion by a fraegtye fhoh'&ﬁtﬁ&ﬁ'ﬁhﬁd&i&ﬁbﬁx%l?ﬂh&ﬁhﬂ%y&*iﬁltfﬂg%ﬂ%
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apparatus 10 cannot exceed a predeterm ned nmaxinum t st si gnlflcant
bi ts 18an be r ecohmetmmmtmmmmm@ummmmommmm ting

the most .8 'rg getall ﬁ s,a i)lh?&l’ (data fifo=First In First Out storage), coupled via a data

multiplexer (data mux) to the link layer unit 70. The time stamping/formatting unit
furthermore contains a control unit (CTL), a counter.(CNT) which is coupled to a stamp fifo
(STAMP FIFO) and a blength counter (BLEN CNT) which feeds a length fifo (LEN FIFO)

20 which in turn feeds a tlength ooufnter (TLEN CNT). ’Ifhe_ tlength counter (TLEN CNT) and
the stamp fifo have respective outputs coupled to the data multiplexer (data mux); The link
layer unit 70 is coupled to the counter (CNT). The control unit (CTL) is coupled to each of
the various parts.

In operation, the control unit (CTL) in the interface unit receives from the

25 functional unit several signals, such as a data clock signal, a data valid si_grial, a start of
packet signal, an end of packet signal and a stamp control signal. In response to these
signals, the control unit (CTL) controls reading of data (byte by byte) in the data fifo. In
response to the stamp control signal, the control unit (CNT) makes the stamp fifo retain a
sample of the time value of the counter (CNT). Furthermore the control unit (CTL) controls

30 counting the number of bytes received in the packet, to establish the length of the packet.

When the link layer unit 70 requests that a packet be transmitted to the

link layer unit 70, the control unit (CTL) first switches the data multiplexer to pass channel
and tcode information and the counted length, subsequently to pass the time stamp sampled
in the stamp fifo and then to pass the data from. the data fifo (in so-called quadlets of each



transm ssion capacity required to transmt the sanples is reduced.

_ Further nOV@ 2601540 i nf or mati on describing the start of the PETABYSA0SI1
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PCT/ | B95/ 00531 In operation, the link layer unit 80 passes the data received from gthe
desti nat-GRnABRE5HA i thé Blis. Andel 2ohtfdI% 'bﬁﬁlnﬁ%&f' ik & H;ﬁ tart
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stamp. The offset represents the maximum delay that a signal can incur between arriving at
the interface unit of the source apparatus and arriving at the interface unit in the destination
apparatus. The sum of the time stamp and the offset is fed to the comparator (COMP), which

20 supplies an alarm signal to the control unit CTL when the counter (CNT) reaches the said

sum. In response thereto the control unit makes the data FIFO supply data received from the
link layer unit 80 to the functional unit, and issues a start of packet signal and identifies the
data as valid. The data is clocked out of the data FIFO under control of a data-clock supplied

by the functional unit.



5 _ A preferred exanple of a format for transmtting

I nformati gbyg the sanmpl ed clock 108 in the sourc s 10 to
t he dest |‘ﬁgt9| on apparatus 12 is the foll ow ng ?,quﬁﬁﬁﬁg#u bits
SPHASE, 5 bits CCl, 12 bits EPHASE, 3 bilds ECN) 10 Wherein

SPHASE is the phase of the clock 108 in the source apparatus at the start
of EGLAIMS: of the packet.at the interface unit 104 of the source
apparatus 10. EPHASE i s the phase of the clock 108 in the

. source apparatus at t m I rival of the packet at the interface
. -unit 104 of the sourClmlIm lj Ilullll(ulml CCl is the difference
bet ween the period nunbert oft af'ri ¥al* of the,start and the end of the

packet at the interface unit 104 in the source apparatus 10.

ECN is the period nunber of arrival of the end of the packet at the

I nterface unit 104 in _the source apparatus 10.

The sourbe appar at'us Aosigna) precessing systen 6@@?@@!‘8 a/fourceApparabiscospleditea 20
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connect i 2WAANYScomprising 3 lock and.means, A%E‘Béd@l?“@n{‘)@ﬁ'é’a’r“&%rtheﬁmkier to
repr O?ac&&éafoe Fedfionds to e hﬁiersamﬂvﬂﬁ%sltsé@apéﬁeﬁmm% the vidkd BhtaS ah Dutdi, th

I nter 104. 25 IS case, In pr|n0|p’le It
i s al so yignad ifarther compmisingt syachrorization data repsesenting a tinesvalum associated twith an
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timng ofrrdriged ¥biE4djusting the gnmeivalue efcthi eloell aceordihgtorthd sghcheonization \dagis the

recorder in reproductlon de reproducged. |In case the destlnatlon
appar at usystem bein @F“?‘%D ’SPP@PH%@ blrswmhha ing 4o adipersipt 30

necegg§ar Midedki ﬁ%&?" w t R0 gé}%syP ﬁﬁéﬂ@;ﬂ t he
ti rreigt aarirlps o %Ttﬁ%(i&#}& eﬁg%@érémggaar At us (Jﬁﬂﬂﬁ 'S a eo
r ecor der signal whtibar alieateddiretslotis available oo rthiee bus]ithe syrichranization- dataceing set
carrier odording o ot hstant Of deiiveryof e Mghal'th the Hrse iMerFas unit, the source

apparatus supplying the signal to the destination appa_ratus via the bus, the destination

apparatus comprising a buffer for buffering the signal prior to adjusting the time-value of the
15 clock, the buffering in the buffer lasting until a predetermined interval, at least equal to a
maximum wait-interval for the allocation of a time-slot on the bus, has elapsed after the
instant of delivery of the signal to the first interface unit. ' ' '
2. A signal processing system according to Claim 1, characterized, in that
the source apparatus and the destination apparatus comprise '
20 - a first further clock and a second further clock respectively,
- means for synchronizing the first and second further clock to each other by
further signals via the bus,
the soufce apparatus being arranged for obtammg a sample value from the first further clock
at the instant of delivery to the first interface unit, and transmitting information about that
25 sample value to the destination apparatus, the buffer buffering the signal until the second
further clock exceeds the sample value by a predetermined offset representing the
predetermined interval. '
3. A signal processing system according to Claim 1, characterized, in that
the signal comprises packets, mutually separated by pauses, the sample value being obtained
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interface unit 51, whic an out put connector 52 connected to the
bus %3 second part of the packet s substaniay squghior e RTerence (beeeea s FTBle el

and cogﬁé le JARle 2N audi o/ video unit 504a-d, which are
coupl e 0 respect e signal unit making/receiving 10 eIenents 505, 506

(al so 4n the functi dhaignalrprbc&ﬁi)lg system saccprdingrta Claiy B ¢ chrradterized| imthat 506
for the aydio video.unit 504 oupl.e i St in ormatti unit
511 in%ﬁ“‘l’a‘}‘m‘?&r Eé"‘i?ﬂ?tpagf“ g‘g‘FGr{S‘F tﬁﬁgeﬁ“ﬁﬁ?&}é 'rg(’ﬁ‘ 506
for t herap@ifEMinforehation abeut dﬂlléa'fsta most SigrificantGRridfate Eﬂnﬂetvhﬁiésa%f‘at ion unit
512 in the interface unit 51. The tine stanping/formatting unit 511 is

conkkc differerceselative ro thecfurthrersamplgvaliepi ng/ f or mat ti ng unit 15 511 and the

transagti on unit 51 aF&h. WEr, é?]a}ac ayer
unit 5I3 S cou%p?lggﬂt 0 a pﬂ§t‘?“é‘f‘ aye{rngutﬁlc%l&% ; ichis coub gﬂ{ o the
connec ther fifs intérfacedmit is arrangedafpe tansmisting a Jcbst s:gmﬁwm:ad of she semple aalnect i on
unit 512, the link layer .unit 513 and the Si ayer ynit 514.
The bub-al | ows. o thSeual otrssas seim agthrding Jollcii &rcharicietpetot w8 | e 20
asynchigqesst BigaifiRast pafCof the shrhple GkfuelRpleSints a Phaderiflia seriod 4 Pateb'of
protocol, the ap ar at'us
15 penodxcally allocated time-siots on the bus.
7. A signal processing system according to any one of the Claims 1 to 6,
characterized, in that the source apparatus is arranged for reproducing the signal from a
record carrier, on which it is stored together with a further time-stamp for regenerating the
timing of the signal for supplying it to the destination apparatus, the timing of the signal
20 being regenerated according to the time-stamp prior to supplying it to the first interface unit.

8. A signal processing system according to any one of the Claims 1 to 7,
characterized, in that the signal supplied to the destination apparatus is an MPEG based
signal.
9. - A source apparatus for a system according to any one of the Claims 1 to
25 8.
-10. A destination apparatus for a system according to any one of the claims 1

to 8.



can request that a periodically recurring tinme-slots is allocated to it.
The i nt eEWDH6R1540I t 52 then transm:ts the isochronoupcyasssaossiover the
bus in the allocated tine-slots. The i sochronous packets typically
contai n audio/video informati on. The asynchronous packets are al so
transmtted in tine-slots, however ﬂQﬁSe time slots are not periodically
recurrent, but 25 have to be acqui one at a tine using a bus
arbitration protocol. The asynchronous packets typically contain
command and control information. I n operation, the
audi o/ video unit 504a-d creates for exanple an MPEG signal; in
conbi nation with header and subcode information signals. In the signal unit
maki ng/ recei ving el enent 506, these signals are converted into signal units
acceptable for the 30 interface unit 51. The signal units are passed to
the time stanping/formatting unii~511, which sanpl es the clock 516
upon their arrival, and forns sijg ?g packets, containing the signal
units received fromthe fungtiona nit 50 aﬂg t he sanple of the clock 516.

These packets are passed t he link layer unit 513, which takes care
of addressing the packet ajalchecing and rramphg. The packets are
passed to the physical t] 514, \ pr gUTdes fpr the WO
96/ 01540 V) — —> :
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" The operation of the transaction unit 512, the link layer unit 513 and the
10 physi sebod/aagex unit 515 is controlled an coordi nat ed byctisysocsie

- managenent unit 515. Figure 6 shows the format of a
data packet for transm ssion by the interface unit 51. It contains a
"data len" field, specifying the Iengh?sﬁ the data in the packet, a
tag field (tag), a channel field (ch ¥ atcode field (tcode), a sync
field (sy), fields (CRC(1), CRC(2)) for CRC codes for error
correction, the tine stanp, and d . 15 Figure 7
shows an enbodi nent of the time sftanping/formatting unit in nor e
detail. It contains a buffer1édata 1ﬁfo:First1hn First Qut storage),
coupled via a data mul t Lpl e (data nux),to the link layer unit 70.
The tine stanping/formatt t [rorcermore-comtajgns a control unit
(CTL), a counter (CNT) ich i olipl t St a nfo (STAMP FI FO
and a blength counter (B ) ds ngt —H (LEN FIFO 20
which in turn feeds a tlength counfer | TL 4 ~122¢ngt h counter (TLEN
CNT) and the stanp fifo havg fesf " led to the data
mul tipl exer (data nmux),,The |ink | ayer unit 70 is coupled to the
counter (CNT). The con!QoI unit (JCTL) is coupled to each of t he
vari ous parts. / In operation, the control unit (CTL)

in the interfadqe ' 10 jvesffrlojn the 25 functional unit several signals,
such as a datajcljockfsigpal , laldgt § valid signal, a start of packet
€ al gn
ol un

signal, an end]|o ag Si ] a stanp control signal. In response to
t hese sigals) t cohtirol unift controls reading of data (byte
by byte) in thgd ¢a aAE@@&.NQ4 {® the stanp control signal
the control unijt ) makes the |s retain a sanpl e of the
time val ue of tfre—toumrer—_tTCNT). |F e the control,upit JCTL)
controls 30 counting the nunber |of bytes received in tF%(%ac t, to
establish the length of the packdt _ *Wen the |ink
| ayer unit 70 requests that a paCket be transmitted to the link |ayer
unit 70, the control unit (CTL) first swtches the data nultiplexer to pass
channel and tcode information and the counted | ength, subsequently to
pass the tinme stanp sanpl ed in the stanp fifo and then to pass the
data fromthe data fifo (in so-called quadlets of each
Tl
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time four consecutively read bytes). The counter
(CNT) is periodically synchronized to the tine of a tine master (not
shown) by the link layer unit 70, u@BﬁSa signal fromthe tine nmaster
connect ed to the bus. 5 ' Figure 8 shows a
det ai | ed enbodi nent of the interface unit in the destination
apparatus. It conprises a physical layei/link layer unit 80, coupled to a
data fifo, an error fifo, a stanp fifo, a tcode register and a tlen
register. The data fifo and the error fifo are coupled to the

functional unit in the destination apparatus. The interface unit
conprises a counter (CNT) coupled to a conparator, the stanp fifo is
coupled to the 10 conparator via an adder. The conparator has an al arm

out put coupled to a control unit (CTL). The Tlen register is coupled
to alen fifo which is coupled to a blen register. Al conponents are
coupled to the control unit (CTL). I n operation,
the link layer unit 80 passes the data received fromthe ~transmtting

interface unit via the bus. Under control of the control unit, this
information is 15 dispersed over the various registers and FIFGs. The tine
stanp is entered ignto thepstanp ¢ fifqg Fromthere it is output to the

adder in whtch_a nnedeterqtnedégffset LS gdded fto the time stanp. The
of fset represents 'the inun1delqiith a signal can j ncur between
arriving the int&rface uniflof pe spurce app& atus and arriving at

the interf unit in thetgestinatijon 1'{.sapparatus. [The sumof the tine
stanp and the offset is fel to the conpérQ?O' ( ), {which 20 supplies an
alarmsignal to the cont™ol unit C whén TN count er |(CNT) Ireaches the
sai d In response thereto § he ntrp] "unrt-ngkes the data FIFO
supply dat@SkrECErvea rrom tne TR ITaygringn T 8U}[OIJT;W. ttiona
unit, and iﬁsues a start of packet Isignal a d i ntifites th 82 data as
valid. The Ma T a
dat a- cl ock supplied by the fuﬁctional unit.
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2. A signal processing systemaccording to Caim1l,

char act eyé%%ﬂ'on t hat the source apparatus and the destination
~apparatu se 20 - a first further cloc SA053Lcond:
further clock respectively, means for synchronizing the
first and second further clock to e t her by further signals via
t he bus, t he source apparatus 37% arranged for obtaining a sanple
value fromthe first further clock at the instant of delivery to the

first interface unit, and tranghghtti ng i nformati on about that 25 sanple
val ue to the destination apparitesde t he buffer buffering the signal until

t he second further clock e<ceeds the sanple value by a predeterm ned
of fset representing the prpdeterm ned interval. 3.
A signal pr sing system acco}fdi ng i, cheweeteqized, in that
t he signal P% ri S, [ Tl sapar at pd byl pausep-70 he sanpl e
val ue bein t) i 01%% —
PCT/ | B95/ 08%3%5/ - del ilerery pf irs| par} of a}jpacket to the
first interface}uniftrassfer—stur cf appakatis._bei hg arfanged for
obtaining a furfher|sanpug—pthl up from theffirst furfher cjock upon delivery
of a secohd phirft stmﬁ-adtp acket 1o tere—time§ nterfpce unit, the
buf f er regulatingasp ea_at cn tlhe sigﬁ?&?is ouftt such that the
nunber cl ock cycl gs—tre qngdthg firstjand the |5 second part of
the packet is shb tanti ﬁENaMC I ,_Jn_xds epcel bet wepn the sanpl e
val ue an furtfer sanpte vaIL. 1. A signal
processi ng sy accorqj qu 3, chajraghel ! zpd, in|that t he
first part pr s Q@The |sed pari | el, fhe fifst interface unit
bei ng arranged-—ioy hdeldeldt | N ti abput at]least a nost
significant pari_gf the a$ a%l0 differgnc# relative to the
further sanpl e_vgllue. ’ t-sync
fedt == FIG. 7
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(57) Abstract

A signal propesging system comprising a source apparatus coupled to a destination apparatus, the source apparatus being arranged for
supply.mg the desnpauon apparatus with a signal comprising video data, a time-stamp and synchronization data representing a time-value
9f an instant of .sald supplying, .the destination apparatus being arranged for receiving the signal, synchronizing a time-value of a clock
in accoydance with the synchronization data, detecting when the time-value of the clock corresponds to the time-stamp and for thereupon
presenting the video data at an output, the system being characterized, in that it comprises a bus operable according to a time-slot allocation
protocol, the source apparatus supplying the signal to the destination apparatus via the bus, the source apparatus comprising a first interface
unit fo_r buffem}g the signal until an allocated time-slot is available on the bus, the source apparatus setting the synchronization data
acf:ordmg to an instant the signal is supplied to the first interface unit, the destination apparatus comprising a buffer, for buffering the signal
prior to synchronizing the time-value of the clock for a predetermined interval, at least equal to a maximum wait-interval for the allocation
of a time-slot on the bus, has elapsed after the instant the signal is supplied to the first interface unit.




