;e3e\ U =\ R889: F: <6=T) =: EWr -1 A METHOD FOR PROCESSI NG A DI d TAL VI DEO
+AUDI O SI GNAL Background of the invention The present invention relates tola
met hod of decodi ng an audi o signal included in a Digi tjwwmw \) data
stream The DV format is commonly used to store video ’mmm rced
from donmestic cancorders. The data format is adapted to stofsgsfoth data

related to the video signal and the audio signal. Both signals are

general | y decoded separately. Description of the Prior

part of DV data is formatted to include: Audio Pre-anbl gmmlmﬂmmmm

bl ocks, each including: a Sync area of 2 bytes an |ID code %f byt es

a data area of SS bytes Audio Post-anblg;The format of the E sync

bl ocks is shown in Figure 1. 20 When the audl o data is encoded and stored

in DV format, audio sanples and data are shuffled over different tracks and

ot e ASETHO PO BRAE SN Vgt R B g Lo

determ ned fromthe equations (1) - (6) which foIIow t, [Ln/ 3 J + 2 *

(n9B))% t 7 Y (n9B)~% + T s, C, + 3 * (nla3) + L(n%( )
/| fix J b, “&zé'L"%PE ?ﬂ“ﬁ“’%"“"“ Cz +1+. s*~r~/ K. J b =Cx +2+B*Lnl ~

(CH ) (1) ( CHIE Byt (tsentior Jelatgstoa methddfideyd disy arPiudio GPndTRNdB)n a D:,Z;ﬁ;al In

relationgo uat i is the set of all real nunbers. I's the
set of aftl i\}r% e%g@t@ ‘%f)aos iy hﬁi‘ﬁﬁﬂ%ﬂéﬁ qPoymonly psedit stoseyides anghandisat ur al
nunbers. t1samced PorakSmehti: dahR6ieRITIRE S, fRaCl a&aﬁéd tb sf’d?gbg‘tﬁ%@ﬂ?%lat%d to
respectivel nc hl ock nunmber and b, te posi

is
within the é] ﬂ‘%ﬂ%&?‘“j] Wd%%?:a‘(q_*f geraly B?thﬁtgéﬁlﬁa@egqnmﬂﬁ)deweé kepastaly.sub- part
of a 5 DV frane. A DV frane includes either 90 or 108 DI F franmes dependi ng
on whet her tem | s_525/60 or 62S/50. Figure 5 illustrates the
rel ati onshi beffé'l B PIIheRrior A%E and a DIF bl ock, where the dotted box

represernds @hdddic fiFbef WTidafh i§ Riral: O \thelli@l. row of data sanples represents
a DIF block. 10 Wth regard to the notation used in this specification,

[a, b] indicatds AudiaRgeamhlel usi ve of
¢ 14 Data-Sync blocks, each including:

¢ 2 Sync area of 2 bytes
* an ID code of 3 bytes
15 s adata arca of 85 bytes
¢ Audio Post-amble

The format of the data-sync blocks is shown in Figure 1.

20 When the audio data is encoded and stored in DV format, andio samples and data are
shuffled over different tracks and data-sync blocks within an audio frame. Firstly, audio
data is shuffled, and then dummy data is added. The position of the n™ audio sample is
determined from the equations (1) — (6) which follow:

(1, =[[n/3]+2 % (n%3)]%T (CHI) (1
2, =[n/3 ]|+ 2% n%3N%T + T (CH2) @)
5, =Cy +3% (n%3) + | (n%K,)/ K, | @)
b =C, +B*Ln/K,J (byte 1) @)
bi=Cy+1+Bx|n/K, | (byte2) )

b 1=C,+2+Bx* '_n /K 1_’ (byte3 for 4-ch mode) 6



both a and b. (a,b] indicates a range exclusive of a, but inclusive of b.
‘[a,b) indicates a range inclusive of a, but exclusive of b. Tf x is a real
nunber ( x ~ R), then Lx J indicater the largest integer that is < x. 15
x% indicates the remainder of the division of x by y, where x, y a N. By
nunber theory, x%E[o,y). It can be seen fromequations (4) - (6) that
bytes belonging to the sane sanple are 20 distributed consecutively within
the sane DI F bl ock. Sanples fromdifferent channels but with the sane

i ndi ces have the sanme sync bl ock nunber and byte position but different
track nunbers. The rel ationship between sync-bl ocks and hacks is
illTustrated in Table 1, which shows how they are related to the sanple

i ndex and the constants T, K1, K2 and B. 25 The codi ng process involves a
shuffling operation which maps fromthe PCM (Pul se Code Mdul ati on) domain

to the DV d ida | ock diagram of the mapping
operati on, gggév{n&hﬁ tﬁgl{vﬁbﬁ‘éérgw B%ﬁ/#ggﬁlg%lgtg&nagﬁﬁ (ﬁmg‘hclghgmo%‘é?%t 0gf‘“t 1, t2,
s, and b, i AvEEEIAPostieand Wigglive. IS isthows: off atanterad atumbéred, WheW RS thé heck
shuffling U N i, which the Left ha i de shows a PCM
frame with dngitqgééa_rrp hg{sm%g%&ﬁfm T B“EIY‘@d‘SrtE%f}QﬁSﬂ?@ wgbeeand by As thaand
s |h de shows évy@\pomﬁmith_ixﬂm DiRbloc ROVDIB plgttal M%erfa&ﬂ:igﬁﬁchﬁ is 4 ﬁb%ﬂ%gqs
the inputs t ng_equat i ons 0 to determne its”® -
corres ponsdi g)g‘; grg%’?t‘#yn\; hﬁrg? Hg?‘%{?“ f‘ﬂ?ﬁé&f’zrhéﬁ D&s%‘af{‘ﬁsld@if}dlmyn whethepthe DV
[t,] [s,] [ bystem is2Idordr 62580, Figire SMBhitRses Me xglati&shﬁ{‘ge%rﬂ{ _ﬁvﬁaﬁ&;}}d
al ong wi 3

dependent a%gl’%fo%ks#hmg sded chr; t he table bel ow, 5 | W const ant s
C 1 and C2. » Where the dotted box represents a DV frame, while each individual row of data

st enTKl 1i 1B&arfijles epzadmtSODADEA210mpde6251 506541822104- ch5251 605451
S3210nmpde6251 5065418~ 3210 Table 1 10 The nunbers in the System col um of
- the above table refer to the nunber of lines in the video system and the

r ef r esh 10at WithS@gar® 2othSBotafiofus2dn i : t i §:h..a 60Hz refresh rate.
nal 1 s decoded to keﬂrllgét‘?l%Mtc ﬁ)e/‘)%é Bﬂll\g%l%at e FepT Wﬁ{ﬁ‘élé’ﬁl%y_

- The DV audi g‘&al %Bailér&&bl ;00ed Lo , , 1 '
pl ayback 15°%¥4di b] indiqptesa rangpi exelysive sfa tueinplusiye of bl [fLb) helickwhf | ed

coded dat a pmye REISHLOLES Bt BLLASY , t2s,, bl) =f(n), then the reverse
mappi ng f' mag be consi dereﬁg’to pe&)tof'\’l/)i de the correct order of data. This

concept is shown in Figure 4. Flow-ever, this concept iis not generally
possi bl e i nRagtdaERy uf fil iing..process 20 . nvolives nodul ar and
non- | i near opérat‘liaonsrf]@ez&%%e‘,{agﬁt%lx:l "gf}d%éff‘? DAL INfpeer 1Bafds €& nmany reverse

rel atiomship. It is therefore not generally possible to easily find a
suitable reverse, mQing f ~, Prior art DV audi o decoders therefore

general |y opépandicates thgwemzindenef tan divisionenfx byThevidbe &)y sV VRYniniBep s, t he
creation ofx%ylé%l;)Up Tabl e (LUT) in which a mapping relationship

It can be seen from equations (4) — (6) that bytes belonging to the same sarople are

20  distributed consecutively within the same DIF block. Samplcs from different channels but
with the same indices have the same sync block number and byte position but different
track numbers. The relationship between sync-blocks and tracks is illustrated in Table 1,

which shows how they are related to the sample index and the constants T, Ky, K; and B.

25  The coding process involves a shuffling operation which maps from the PCM (Pulse Code
Modulation) domain to the DV domain. Figure 2 shows a top level block diagram of the
mapping operation, showing how the raw PCM data is mapped on the basis of ty, t;, s, and
by into DV format. Figure 3 shows a more detailed view of the shuffling of particular
samples, in which the left hand side shows a2 PCM frame with data samples D,...Dy. The

30  dotted rectangle on the right hand side shows a DV frame . For each PCM sample, D, its

mdex, n, is used as the input to the shuffling equations (1) to (6) to determine its



bet ween recei ved data and the required output data is pre-conputed and
*stared to -enable the received data to be re-formatted accordi ngly. -4
This method includes the Follow ng steps: Every elenent in the table is
initialised to -1; For every n a [ON], conmpute (t~, s~, b,) using the
shuffling equations (1) - (G; Store values for nin a LUT with index [tI,
S,, bl] i.e. LUT [ti ] [si) [bl] = n; For any incom ng shuffled data byte,
determne its position in the raw PCMdata IF LUT [t~] [sl] [b~] =-1 THEN
di scard value; ELSE PCM [LUT [tt] [s1l] fby ] =DV [tlI] [sl] [bi] 10 The
maj or di sadvantage of this particular nethod is the | arge anount of nenory
required to store the LUT. Since the constants ('1', h,, K2 and I3)
involved in the shuffling equations can be of different val ues dependi ng on
whether it is a 525/60 or (5150 system or a 2 or 4-channel system four
separ at e | oodrrespod it Gssitidndn HROOV Bche. 15 Sl b AL 151 g a DV
frame. 15 Tpehﬁﬁgg_d ﬁi&hods i nvol ves F§§2%5$%EJ§%dfﬁ%%?%?qﬁgigiﬁaifire DV
audi o frane, h s then anal ysed so that the received data can be
decoded on the basis of the analysis. Using this nmethod, theta is no

requi r enent ﬁo explicitly determne the reverse mapping f t, 20 but it has
the dr awbackP@ valeesdh Be K iapd Kperesaysten dependentras atosunemirised af e tb¥e di@w ed

bef or e dgcogl i.S45 because a sanple occurring in the very
first posit?gﬁgg‘ Pﬁ§%?§§W$§EP§%F%~nay be shuffled to a position very late
in the DV frame. Therefore, this technique may only be used once a conpl ete

DV audi o ffam avat-able—2S5—Fo—use—~tgi-s—pethod,yvalues of (tl, s1 bl)

are cal cul a‘_%‘ Pen;/ RN Ry 4 (a8l b1y B £1n) CiThenP@ n]| =DV

(tl] [s1] [éﬁt /SQ.i OFf—Art mefﬂidg arelhrofl endticlin 2 hat| tH8y hoth
255re] :5/, Adg unts>ht nermtd if order to & thdr d0or¢ the LUT

require ret thv )
or buffer [t k&hr d_sifnall fof5 fyrit hels anal ysBs. B0 Dhe ret hods
t hersel ved-B94¢ | 623(80 Vel \6 st daj gft f orlwar tB t o] i nps eneht , 2but [t hgoneiory
requi renents render themundesirable in practical systens. -5 Summary of
the Present invention Zn a first broadgﬁqrgl the present invention provides
nmet hod of decodi ng audio data, 5 enco A multiple DIF blocks in a
Digital Video (DV) data stream and outputting said audio data as a PCM

frame, jyclydi h old owing,steps. (i) fetching a single Digital

ntertass Ig‘ri]grlr]e PEPES‘ [}EI éa’é‘i?“’fﬁgélfﬁ“f ngthb%b%’ﬁtt%lﬂ%mf@aﬁfhe(nwg etief liffesirf theng a
first byt evwideoishaemiangiie iEhishho ko, 595611 S35 ¥no 1 folbiYith Wookt) LGP
rane,

rate.

The DV audio signal is decoded to enable the audio to be reproduced by playback

15 equipment, such as a video cassette player. If the shuffled coded data may be represented
as (1, tz, s1, b)) = f(n), then the reverse mapping f' may be considered to provide the
correct order of data. This concept is shown in Figure 4.

However, this concept is not generally possible in practice, as the shuffling process

20  involves modular and non-linear operations, such as |x ], which result in a one-to-many

reverse relationship. It is therefore not generally possible to easily find a suitable reverse
mapping £,

Prior art DV audio decoders therefore generally operate in one of twa known ways. The
25 first way involves the creation of a Look Up Table (LUT) in which a mapping relationship

between received data and the required output data is pre-computed and stored to enable
the received data to be re-formatted accordingly.



10 (iii) repeating step (ii) until the last byte in the single DIF block is
‘processed; (iv) witing the de-shuffled data into the PCM frame for output
if the present DIF block is the last in the present DV frane; (v) repeat
steps (i) to (iv). 15 By needing only a single DIF block in order to
de-shuffle the recei ved data, enbodi nents of the present invention offer
advant ages over prior art solutions which require receipt of an entire DV
frame consisting of many tens of DIF bl ocks, ox storage of |arge LUTs s,
before de-shuffling can begin. 20 Preferably, the index (n) of a particular
data sanmple in the output PCMfrane is dependent on paraneters of the DV
data. Preferably, the paraneters includel™track nunber (t) 25 sync bl ock
nunber (s) byte position within the DIF block (b) Preferably, for the
first DOF block of a new frane, t, s and a DIF block counter are set to
zero. 30 Preferably, s is increnented by 1 each tine a new DIF block is

received, amﬂjsirﬁctf,@@ﬁmuhgsthefgﬁlg;‘g%%stgiysery nine DI F blocks. preferably, t is
increnented by 1 every nine DIF blocks. 5 Preferably, the DV data nay be

encoded to @neEwry depkntrinlthettyblois iditfalissdent-1vi deo syst ems, such as 525/ 60
(2-channel Qr 4- nne%/ 625/ 50 (2-channel or 4-channel). Preferably,
each di fferentl%%%g%&ns Lot’lgi'rfﬂtgﬁutﬁgt‘rﬁh’al?'gaué% fhe shutihingsapations (b € ent .
constants usedtom vaines R aGH b 1A PR R, 1Y, 1] 1 daUFF [l 165 P, f2ASL @Nt s being

S ) . ]
st enTKI KaBC® C¢ Aspincomingshutizd dat dot 8¢ 80064 k8- in G IMShE3210n0de6

251 5065418321Q 115 rrRlly, e-shuffling of data in the single D F
bl ock is perfornedﬁé%‘i)%ﬂiﬁr{gﬁtoltmglsgw fV?I“ieng equation: =K~x|I +lixxz +c
¢ ELSEPCM [LUT [t:][si] [1] ] =DV [t;] [s1] [bi]

10 The major disadvantage of this particular method is the large amount of memory required
to store the LUT. Since the constauts (1, K,, I, and B) involved in the shuffling equations
can be of different values depending on whether it is a 525/60 or 625/50 system, or a 2 or
4-channel system, four separate look-up tables are required. Each LUT is similar in size to
aDV frame,

15
The second method involves receiving and buffering an entire DV andio frame, which is
then analysed so that the received data can be decoded on the basis of the analysis,

Using this method, there is no requirement to explicitly determine the reverse mapping ',

20  but it has the drawback that an entire DV audio frame has to be buffered or stored before
decoding can start. This is because a sample occurriné in the very first position of the raw
PCM data may be shuffled to a position very late in the DV frame. Therefore, this

technique may only be used once a complete DV audio frame is available.

25  To use this method, valnes of (t1, s1, by) are calenlated forn=0to N. i.e. (t, 51, by) = f(n).
Then PCM[n] =DV [t;] [5,] [b:]

The prior art methods are problematic in that they both require relatively large amounts of
memory in order to either store the LUT or buffer the received si gnal for further analysis.
30  The methods themselves are relatively straightforward to implement, but the memory

requirements render them undesirable in practical systems.



=K, (b, IB)+Kx(s, %) +(m *T +t~ -2*Ls~ /3~*3+~s, /3] if (t, -2*Ls, /3~<O m~
‘=1 where else if (t, - 2 * Ls~/ 3~Z0, m~ =0 wheret,, s~, b~ are the
track, sync block and byte nunbers respectively) included in the 15 single
D F block, and K,, Ki and B are constants characterising a particul ar
codi ng schene. In one of the prior art nethods, shuffling equations are
used for de-shuffling purposes. In this prior nethod, values of (t,, si,

b,) are calculated for n = 0to N, i.e. (t~, s~ b~) =f(ri), 20 which

| eads to PCM [n] =DV [ti] [s~) [Db,]. It is noted that values of n run
sequentially, whereas values of (t~) s~, b~) do not. This neans that for a
small n, the corresponding DV byte may apbear in the very last part of the
frane. This nmeans that an entire DV frame needs to be buffered in this

met hod, resulting in the storage of a | arge anmount of transient data By
contrast, enbodi nents of klae present invention use a reverse nmapping
relationship f 1 5 which enables the position in the raw PCM franme to be
determned directly for ar~y given data byte in the DV frane. In a second
broad form Summayyof ot PresertIhvemtioal So provi des apparatus for performnng
the nnetk~o Lrst broad form.of the invention. The apparatus is
preferably g‘%ﬁrg‘E gﬁa‘%})rﬁ' Hiewaysenjigyenfiomprovides H}eﬂ(ODsﬁ)i?ce@mgedee@m ption of

the Drawd Bded ia rdtiple DIY ' '  and , t
e Dr awdngenchded ia rineltip ARks A 0igid] Pideb BVPASS @Héatn?],%i{&%tg{r?‘{&flggm% f)|

under st a~zad how .t he may .be brought into effect, e 1rnv
now be desc?’“ldg‘)e%‘!‘%@sﬁg%a%%d 12 tsifgllowing Beps r ef erence to the appended

drawi ngs in i CfatchinigG 14D —@qﬁ di.g part of a DV
dat a Nane; @%ur@cz sh%th?@ﬁ%ﬁi@%gﬁﬁe ravaﬁé"(g\ﬁ%g?@l%gd? BEE ¢ as
DwHdat

part of a -shplingp figth brie du the siskhBIF-blockhowleterREM ifstiadex (npinghwif f | ed
according to thqxgnqﬁ%hkng equations to produce D F blocks within the DV
dat a fr?me; Figure 4 shows the de-shuffling of DV data to produce PCM dat;
~; 25 10 (ii))” repeating step (ii) until the last byte in the single DIF block is processed;

(iv)  writing the de-shuffled data into the PCM frame for output if the present DIF block
is the last in the present DV frame;

(v) repeat steps (i) to (iv).

15 By needing only a single DIF block in order to de-shuffle the received data, embodiments
of the present invention offer advantages over prior art solutions which require receipt of

an entire DV frame consisting of many tens of DIF blocks, or storage of large LUTS,
before de-shuffling can begin.

20  Preferably, the index (n) of a particular data sample in the output PCM frame is dependent
on parameters of the DV data.

Preferably, the parameters include:
. trﬁck number (t)
25 * syne block number (s)
* byte position within the DIF block (b)

Preferably, for the first DIF block of a new frame, t, s and a DIF block counter are set to
zZero.

30

Preferably, s is incremented by 1 each time a new DIF block is received, and is reset to



Figure S shows how DV data is de-shuffled according to de-shuffling
‘equations and output as PCM data; and Figure 6 shows a flowhart detailing
the steps in the de-shuffling process. 30 Detail ed Description of the
Preferred Enbodi nents -s Enbodi ments of the invention are able to decode
a received DV audi o stxeazn based on analysis of a single D F block ratl aer
than on an entire audio frame as per the prior art solutions. 5 In the
foll owi ng description, the following forrmula is used: For'dnc, n EN, or in
ot her words, for ar~y m n is a Natural Nunmber, and x0 n=l nl m~~mtn%n ( The
constants C, and Cz can be excluded fromequations (1) - (6) w thout any

| oss of generality. The equations may thegefore be ze-witten as foll ows,
al t hough the byte positions and sync bl ock nunbers are now offset. 15 t, _
[Lh/ 3 J +2* (~t9WB)JW t2 =[Ln/ 33 +2* (nWB)]% + Tsl =3 * (nW)
+ L(~c%, ) =B = bv=1+B*LnWJ b". =2+B*~ral K, ~

(041)(8)(045;“9 fg’ﬁ?%%ﬁ@“{ks)( 11 )~Yte ~)(1?)(byte3 for 4-ch rode)' (13)
The various constants which were included in equations (1) to (6) can be
excl uded at ' tage as the e invari within a particular format of
DV data (e%%}%%?@hgggne es‘%"z’%?déw.e“ﬁﬁfén@ﬁﬁ%i%& nunber and byte positions
are effectively offset to absorb C1 and C2. As all data bytes belonging to

t he sane «augj e di stri buted, consecutively within ZO
58 g&‘e?er%@lg})the D%; gata may Ene encoded to one of a pluralitg// of different video systems,

such as 525/60 (2-channel or 4-chamnel) or 625/50 (2-channel or 4-channel),

Preferably, each different video system may be characterised by several different constants

used in the encoding and decoding of data, these constants being :

System T K K B
2-ch | 525/60 5 451 1; 2 62'1 lcg
mode | 625/50 6 54 138 2 2 10
4-ch | 525/60 5 45 15 3 2 10
mode | 625/50 6 54 18 3 2 10

10

9. Preferably, the de-shuffling of data in the single DIF block is performed according
to the de-shuffling equation:

n =f_l (11,5,0))

=K x, +K,x, +¢
KBy /B)+ K, (5,%3) + (m *T + 1, = 2x|s5, /3 %3+|s, /3]

I

if (¢, —~2%[s,/3)<0,m’ =1

whcrc{ )
elseif (1, ~2*|5,/3)20,m" =0

where ty, 51, by are the track, syne block and byte numbers respectively, included in the

15 single DIF block, and K, K; and B are constants characterising a particular coding
scheme.

In one of the prior art methods, shuffling equations are used for de-shuffling purposes. In
this prior method, values of (t,, sy, b,) are calculated forn=0to N, i.e. (t, 51, by) = fin),
20  which leads to PCM [n] =DV (t:1[s1] [b1].

It is noted that values of n run sequentially, whereas values of (t1, s1, by) do not. This

means that for a small n, the corresponding DV byte may appear in the very last part of the



the -sane DI F bl ock, (fromequations (11 )-(13)), once the first byte in a
'sanple is located, the other bytes may be easily |located. The follow ng
derivation is for channel one and the first data byte only. The other bytes

may be found as described fromthis information. -9 L(n%, ) | KZ, = xZ (
14) ~ n%, _ Kzx2 + ¢ (c EZ and 0 Sc < K2 ) (1 s) ~n=K xlI +K2xZ +c (1QG
Were x~ =1r~1 K J =Db~1 B ( 17) Fromequations (14) - (16) and
equation (10), it can be seen that: 5 xI =s, % (18) c¥%W = n¥% (19) Ls,
/3J=n¥8 (20) c¥%B=Ls, /3J (21) 10 Equation (16) then yields: In/ 3,~ = L(Kl
xi )/ 3~+ ~(xxxz) /[ ~~+Lc/ 3 J (22) t, _~(Ln/ 3~+ 2 * (n%B)JuT

~Lnl 3~=rn*T-f-i, -2*(rr%3) Equation ( 14)7’~Lcl3~ 1+t -2 (CcUYB) =m-

*T+t, -2*Lsl /3~ ,where m=mL(,K x,)I31/T- L(K2xz)I3ITIn order to
eval uate m-, the constral nts of the various pazaneters may be used as
fol lows: - ( framecThis meapsthg) W@Vﬁme weeds fb-ite bufffeddn tiSdhels6l, 3saBRY in

*T+t, -2*1 sehd o g% % rér{flelself (t~- 2 * Ls, [/ 3~zO)
m =0 -10 qu |d())¢1as gféw%m'uﬁt( ans‘f"? 4and (23) can then be used to
defl r<e the reverse mapping, ~ as n.f-"(tc,snb~) =K x, +K~xz +c =K~(b~

I B) +K~(s~, | a3) %345~ [3] (24) if (t.-2*Ls,/3~<O, m =1
where else if ( {’frw G?Bpﬂﬂents/ Oijéhe BFeRent pventio Use g fgverss mappinstrelatiershiph

525/ b0 syst smichlenables mppa.ﬁecm mttﬁaﬁampﬂg{r@cg}gqg 5 order
t o adapt thﬁ Fﬁjo%esiteé:g{, ot her previously nenti ongegmfs%gtdgrg%@ggﬁwa% Vg25/ 50.
The process’i i lat ifgme; gure S includes the following steps: | . The

explicit de-shuffling expression is determ ned fxoztt the shuffling

equati ons. I .
n a second broad form, the present invention also provides apparatus for performing the

method of the first broad form of the invention. The apparatus is preferably a custom
10 Digital Signal Processor (DSP). |

Brief Description of the Drawings
For a better understanding of the present invention and to understand how the same may be

brought into effect, the invention will now be described by way of example only, with
15 reference to the appended drawin gs in which:

Figure 1 shows the format of the audio part of a DV data frame;

Figure 2 shows the shuffling of raw PCM data to encode it as part of a DV data stream:
20

Figure 3 shows how a PCM frame is shuffled according to the shuffling equations to
produce DIF blocks within the DV data frame;

Figure 4 shows the de-shuffling of DV data to produce PCM data;
25 -

Figure 5 shows how DV data is de-shuffled according “to’dc.-shufﬂing equations and output
as PCM data; and

Figure 6 shows a flowchart detailing the steps in the de-shuffling process.
30

Detailed Description of the Preferred Embodiments



10 This process to find f' fromf has already been described, and is
"perfornmed off linei.e, it is not necessary to performthe operation in
real-tinc as it may be performed in advance of receipt of the DV data
stream 2. One D1F block at atine is read fromthe external data stream
The indices of the 15 DV data (t,, s,, b,) are used as the input argunments
to the f' process. This alloWs the position n of the appropriate byte in
the PCM data to be determ ned. The sanme value n is then also used for the
subsequent ($-1 ) byte(s). 3. If the systemis operating 2-channel nobde,
then PClvli[n] = DV(ti, s,, bl) DV(t~, 20gsl, bi+l). Ifthe systemis not
operating in ,2-channel node, then PCMn] = DV(tl) s,, b,) ~ DV(tl, s,,
b,+1) DV(tl, s,) b,+2). 4. Steps 2 and 3 above are repeated until all the
DI F bl ocks igmt E i : Lo.Lsa re de-s | ed. 25 -11 5. Post
process the de-@ﬁﬁfﬁfgﬂﬂ%g}v@{ 1‘?’1%1 %\g%égos%'r%?/?e %?ﬁcﬁvvﬁﬁﬁyﬁ"%%ﬂ@mpé%qdr%_ A
preferred mapmis of 2 gogle SR bhgk ritherdiansdiidd dnfigs APRS FhrneBs & tﬁ%ﬁ{ﬁ a
suitably prggﬁlﬁgggad DSP (Digital Signal Processor). A single DI F block may
be fetched fxon~ an S External nenory tv an internal nmenory of the DSP. The
DI F blocl < includes systemspecific information fromwhich the constants
K~, KZ, ‘g a?lgthBézlzz%% bg determ ned. These constants ate used in the
subsequent pr 0CE2STHES CPsEHPY M e folowing forpiudeis uedd: a new frame, the Sync

bl ock nunber s,, track nunber tl, and the 10 DIF black counter are reset to
zero. Wieneyer,,a new DLF block is received, s~ is izicremented by 1) and is
reset to zef® Wit Vnionin oirer wrds fer. any m,ins's & NatrilGumaler it ed by 1 every
nine DI F bl ?QJ@ quch r?cei ved DTF bl ock includes 72 data bytes which
correspond to é IHhPT ¥ es. 15 The shuffli ng equations reveal t{Tat

i ndi vi dual data bytes belonging to the sarae data. sanple are distributed

consecutively in the sane D >~'- bl ock. Making use of this fact) equation 24
i s applil@d empiants (¢ and €k chyticesxofuded tbmsquaions (Hh @) Withsit Ay E%R/PI? oget her
i t he sanpl e

with the B-J. : Lc>a follow it are used to deterim ne

with i ndex,éerri@%:ggﬁﬁégpg%@’&agv T%‘War&iﬂaﬁf Fo-WHteryerioflews althoughithe bt nt er t o
the DI F bl omdkitihas and synt blook nGebaFRRiRA iseB SO that it points to the first
byte of the next sanple. Were all the DIF blocks in a AV frame have been
processed as described, the desired nunaber of sanples which have been
stored in the P diten to t ~ctezzial nenory, . as shown in
hi gure 6. ZSﬁSch)?I .Ez%'f@%3m{°gﬁ art de(k:%lgl?)ng syst ens, there( re,

enbodi nent s Qf=t[be/]b eska(nVBNWT gy do netHZEquire an enti re@v audi o
frame to be re‘cgler égf ret he decodi ng pxocess can begin. Al'so, there is
no need to phepartl’a "*31(6r/eKa)l/K< | ook up table, saving thQegoverhead of

providing rghatipygly /lzar ge anounts of nenory.
P‘bt Bely /R (yte 1) 1)
b”x =1+B*Ln/K,J (byte 2) (12)
b1 =2+Bx*|n/K, | (byte3 for 4-chmode) *  (13)

15 The various constants which were included in equations (1) to (6) can be excluded at thig
stage as they are invariant within a particular format of DV data (e.g. 2-chanmel 525/60).
The sync block number and byte positions are effectivcly offset to absorb C; and Cs.

As all data bytes belonging to the same audio sample are distributed consecutively within

20  the same DIF block, (from equations (11)-(13)), once the first byte in a sample is located,

the other bytes may be easily located. The following derivation is for channel one and the

first data byte only. The other bytes may be found as described from this information.



30 : -12 Enbodi nents of the invention, using the e;~plicit reverse nmapping
rel ati onshi ps described previously, are able to directly conpile PCM dat a
fromincomng DV audio data) requiring only a single DI F block at any one
time. The indices ti, s,, b, are all that is required to deternnine the
position of the data in the original PClvf frarzze. S ~lae followi ng table
shorws the reduction in nenory which can be achi eved through use of

enbodi nents of the invention with different video standards.

Syst enConventi onal | VI et hodEnbodi ments of thebl enoryl nventi onRedacti on
Factorntire DV Frane Basi sTF Bi ock Basi sSNTSC10*9 D1F bl ocksl DI F

bl ock9010*9*80 bytes 80 bytes= 7200 b esPA"L12*9 DrF bl ocksl , DIF bl ock10h=
12*9*80 bytes= 80 bytes= 8640 b es 10 The follov~ri~ng table illustrates
the reductign in different processing operations which, can be achi eved

t hr ough useT YK K z5ts of the invention. QperutioaConvention@k)
thhodEnbodk%pn; QL#;?eReductio Factor (Entire DV Frnnnel nventi onBasi sDI F
fl ock Basishodtiedn BhaX.ohg d6m 4 andhse €68%,) Di vi si on3/sani | e2/ gasn | e33%
15 Tt can bexsge ghat, QL nts of the invention are able to provide
decodi ng of DV audi"d dat?a2usrng significantly |ess physical menoryl6and
requiring significantly fevs~er processing operations to achieve the sane
resultant data as can be achieved by prior art solutions. ):n the |ight of
t he foregoiH@wﬁEchbﬁM@1=mV£mjII be clear to the skilled man that arious
20 nodifications may be nmade within the scope oFthe invention. -Hé The
present invention includes any novel feature or conbination of features

di scl osed habgi éﬁu@@im?ﬁ4)Q’?‘?§};)z§4dite'tc1¥$t%g@git?gﬁ‘ﬁ%%,'e}& ation thereof

irrespective of whether ‘or e ‘med invention or
mtigated amy=e;%3l| of the problens addressed. -14 CZ, AL MS 1. 8Srethod
Vi deo

of decoding‘gggig data, encoded in nultiple DIF blocks in a Digit
(DV) data stf aﬁvﬁﬁnd outputting said audio data as a PCM ; Cxaneg, (lighcl udi ng
t he f0||0m”?ﬁﬁf%ﬁpﬁ3 5 (i) fetching a single Digital Interface 1~rane (DYF)
block fromthe DV data stream (ii) de-shuffling a first byte in €8 single

DI F bl ock tewsleleynine its index (n) in the PCMfrane; @1)

10 Equation (16) then yields:

Ln/3]=[(& %)/ 3]+ (K,x,) /3] +|e/3] . (22)

t, =[|n/3]+ 2+ (n%3)]%r
=|n/3|=m*T 41, - 24 (n%3)
Equation (14)

=|e/3]=m 4T 44, ~2%(c%3) =m +T+, -2%|s, /3]
ywhere m'’ =m-I_(K,x,)/SJ/T-I_(sz,)/B_I/T

In order to evaluate m’, the constraints of the various parameters may be used as follows:

~(T-DEmT<(T+3)=>m efo,1} (23)
mrT 4 =2%]5,/3]=]c/3)=0<m * T 41, - 2%, /13]<T

m{if(:, —2*|s5,/3)<0,m" =1
elseif (#, ~2*|s5, /3)20,m =0



(ii1i) repeating step (ii) until the last byte in the single DLF block is
‘processed;. (iv) witing the de-shuffled data into the PCM frane for out put
if the present DIF block 14 is the last an the present DV franme; (v) repeat
steps (i) to (iv). 2. Anethod as clainmed inh claim1l ~uvherein the index
(n) of a particular data sanple in the output PCMfrane is dependent on
paraneters of the DV data. 15 3. A nethod as clained in claim2 wherein the
parameters include; ' track nunber (t) sync block nunmbEr (s) byte
position ~uvithin the DIF block (b) 20 4. A nethod as clainmed in claim3
wherein for the first DIF bl ock of a new franme, t, s and a D F bl ock
counter are set to zero. 5. A nethod as_ghained in claina 4 wherein s is
increnented by 1 each tinme a new DIF 25 block is received, and is reset to
zero every nine DIF blocks. 6_ A nmethod as clained in claim5 whereint is

i ncr ement ed Fguatibng ¥ (()N®7 h h as clained in any
one of the precedi gl?m(ai)h? %ergf’ggﬁgeﬁ%%sgfigb%egge@ﬁgéﬂ@&pﬁlﬁgvénésbf a
plurality of different video systens, such as 525/60 (2-channel or 4 -15
channel ) or 62 h?U (32-channel or 4-channel). 8. A nethod according to claim

7 wherein e&cH d\%fe é)nt vi deo system may be characteri sed by several
different c&fwant’sxused in the encoding and decoding of data, 5 these

constants beiggp 785458 Lkl fKl 1B,

j C. 22- ch525/ 60‘%45@521’5%@?2@ é‘?@sﬁfvw%h’043@ﬁ§2#6/03§45153210rmdef{25) 506541
83210 10. A, nethod as clained in any one of the preceding clains wherein
the de-shuffli niiml daikpy i/g]_bt<h§ Lhnle DIF block is performed according to

tli E de- shuPhete t~>s~b,) = A, Y, +K, x, - ¢c _ ~~

S
quat Fon = n=. 1
(b~ | B) + Kz ( ?ls@%i?.-lzﬂm?mp,n?@wy/3~*3+~s, /3~ if (t, -2%Ls~

/3~c0,rn" =1 where
Figure 5 illustrates the 525/60 system. It is apparent that suitable changes may be made in

5 order to adapt the process for other previously mentioned systemns such as 625/50.
The process illustrated in Figure 5 includes the following steps:

1. The explicit de-shuffling expression is determined from the shuffling equations.

10 This process to find £ from fhas already been described, and is performed off-line i.e. it is
not necessary to perform the operation in real-time as it may be performed in advance of
receipt of the DV data stream.

2. One DIF block at a time is read from the external data stream. The indices of the

15 DV data (t, sy, b)) are used as the input arguments to the £ process. This allows the
position n of the appropriate byte in the PCM data to be determined. The same value n is
then also used for the subsequent (B-1) byte(s).

3. If the system is operating 2-channel mode, then PCM[n] =DV(t;, sy, b;) & DV(t,
20 sy, bit1). If the system is not operating in 2-channel mode, then PCM[n] =DV(ty, 51, b)) &
DV(tl, 8y, b1+1) 3] DV(t[, Si, b1+2).

4. Steps 2 and 3 above are repeated until all the DIF blocks in the received DV audio
frame are de-shuffled.
25



elsei f (t~- 2* Lsl / 3~?2 0, M =0 10 where t~, sl, b~ are the txack,
~sync bl ock and byte nunbers respectively, included in the single DTF bl ock,
and K1, KZ and B are constants characterising a particul ar codi ng schene.
11. Apparatus arranged to perfoxmthe nethod of any one of the preceding
clainms. 15 12. Apparatus as clainmed in claim211l wherein the apparatus is a
customDi gital Sigial Processor (DSP). .AY .Al ,.A L. A[.AAU ?2.A . AA
.AfU . AfU AS. AAl LO. AyU . Ay ,>"a{}

>BPdn' 7{ upkf a\ W ca] ca] ca] ca] c(a] caV] ca] c(aV] ca] caV] ca] caV] ca] caV]ca]ca] ca]c
a] cal] ca] calU] ca] caU] ca] ca] ca] ca] ca] ca] cRa] cRa]ca 7F ; BXc

hkvDkst\ ~xsmhc”Y] ] ca] ca] ca] ca] c*a] caV] ca]lda] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca]
caV] ca] ca\/] ca] caV]ca] ca] ca] ca] ca] ca] ca] ca] ca Z~df - DZx™ ~

Iil"ytoje ZU] caLé]Pca] caj] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] caU] @a] cabpstaressss ballealhwdbe ditadf nakisarsiCand ovitpiitils W POV RRR##H $aS$S$I00
WWRARE &D&[ & &t &z smhc] Xj e” ZU] c] cal] ca] ca] caV] ca

V] cMa] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca]
ca] ca] ca] ca A preferred method of pcrformmg the de-shuffling operatlon 1s to use a.su
t &v&&&=' fé}% *** , >€]t ]Ica] ca] cal caU
] ca] ca] ca] c FE&]S h%‘fk%‘?&%]?&%ﬂeé‘gf)cé]%I@I%Q]Ehpé&paapcée}tdmpmm] cal ca
] ca] ca] caU] cub%x[)nham to /ah HREBGREmorY of the

11#14111(32222v 404YZ{aYI404 4~ g‘;m cAYI gbﬁ d‘f‘éﬁéé’ Black inpludes systemy o1 caj ca
] ca] ca] ca] cRF "c‘gﬁkﬂ‘ } K2 T ajdB aydedaiceained] Trks a
u444444585: &%Hﬁﬁ%&ﬁ’s’é&% ﬁééﬁﬁéé@: roce in

6h66666666} wr | gb\ Whi c”YI gb] X] ] caU] c sf 5\/] ca] caV] ca] caV] ca] caV] ca] caV] ca]
caV] ca] ca] ca] c(a] caV] ca] caU] ca] cal] ca] ca] caV]ca] caV]ca] caV]ca67"7| 77777Y888

Fo! A
<6<<<<<§;:p§f>‘%%‘3’3%‘/3£"5'{”3a“ ( of 3 88 frame. the Syne block mumber sy, rak nurpber b pucktbe o] ca]
cal ca) o9 capELYlesh eamiss prsapushjats AYbaboa\roa]: ma.:\msaa BB

, RGP
o cal ca] cal o cat ) S AP AP At %C@l,;glﬁfegg;;gf@gf cal cal

ca! NNmOP[ PGIRQOOB RIIRBIREREach received DIF block includes 72 data b esw 1ch
RRR<SI\/BdSSSP %Sgap | f a\ Wrhc”Y] ] ca] ca] ca] c”*a] caV] ca] c cal] cal ca
] caU] ca] caU| ca] caV]|ca caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

ETTTTT\ UQRQQR RRRRRR

RRR<S S a\ Wrhc” cal. a] caV] ca caV] ca] caV]ca] ca] ca] ca

] caU] calca 3]%? gﬁ ca 8%‘15]565‘1"8%@%%11 ‘L‘éﬁ \/] neatp tlee] e Bata APk HE (

)- @10%& (a)redhlsmh@wcéasemfﬂv@ﬂ;&n @ﬁesaé@%@m@ocié.lﬂféﬁen@uséo%a% B Eubdort 285407
applied to only the first byte of each sample. This first byte, together with the B-1 bytes

which follow it are used to determine the PCM sample with index n calculated by the de-
shuffling equations.
20 |

The pointer to the DIF block data is then incremented by B so that it points to the first byte
of the next sample. When all the DIF blocks in a DV frame have been processed as

described, the desired number of samples which have been stored in the PCM buffer are

written to the external memory, as shown in Fi gure 6.
25

In contrast to prior art decoding systems, therefore, embodiments of the present invention
do not require an entire DV audio frame to be received before the decodin g process can

begin. Also, there is no need to prepare and store a large look up table, saving the overbhead

of providing relatively large amounts of memaory.
30
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10

The following table illustrates the reduction in different processing operations which can

be achieved through use of embodiments of the invention,

Operation Conventional Method | Embodiments of the | Reduction Factor
(Entire DV Frame Invention
Basis) (DIF Block Basis)
Modular Operation 3/sample 1/samnple 67%
Division I/sample 2/sample 33%

15 It can be see that embodiments of the invention are able to provlde decoding of DV audio

data using significantly less physical memory, and requiring significantly fewer processing

operations to achieve the same resultant data as can be achieved by prior art solutions.

In the light of the foregoing description, it will be clear to the skilled man that various

20  modifications may be made within the scope of the invention.
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CLAIMS
1. A method of decoding audio data, encoded in multiple DIF blocks in a Digital
Video (DV) data stream, and outputting said andio data as 2 PCM frame, including the
following steps:
(i) fetching a single Digital Interface Frame (DIF) block from the DV data stream;
(ii) de-shuffling a first byte in the single DIF block to determine its index (n) in the
PCM frame;
(iii) repeating step (ii) until the last byte in the single DIF block is processed;
(iv) writing the de-shuffled data into the PCM frame ﬁu)r output if the present DIF block
is the last in the present DV frame;

(v) repeat steps (i) to (iv).

2. A method as claimed in claim 1 wherein the index (n) of a particular data sample in
the output PCM frame is dependent on parameters of the DV data.

3. A method as claimed in claim 2 wherein the parameters jnclude:
» track number (t)
» sync block number (s)
¢ byte position within the DIF block (b)

4. A method as claimed in claim 3 wherein for the first DIF block of 2 new frame, t, s

and a DIF block counter are set to zero.

5. A method as claimed in claim 4 wherein s is incremented by 1 each time a new DIF

block is received, and is reset to zero every nine DIF blocks.

6. A method as claimed in claim 5 wherein t is incremented by 1 every nine DIF
blocks.
7. A method as claimed in any one of the preceding claims wherein the DV data may

be encoded to one of a plurality of different video systems, such as 525/60 (2-channel or 4-
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10 where ty, sy, by are the track, syne block and byte numbers respectively, included in the

single DIF block, and K;, K; and B are constants characterising a particular coding
scheme.

11.  Apparatus arranged to perform the method of any one of the preceding claims.
15

12. Apparatus as claimed in claim 11 wherein the apparatus is a custom Digital Signal
Processor (DSP).



