-1- A METHOD FOR PROCESSI NG A DI G TAL VI DEO AUDI O SI GNAL Background of the
I nvention The present invention relates to a nethod of decodi ng an audi o
signal included in a Digital 5 Video (DV) data stream The DV format is
commonly used to store video and audio sourced from domestic cantorders.
The data format is adapted to store both data related to the video signal
and the audio signal. Both signals are generally decoded separately.
Description of the Prior Art 10 The aydio part of DV data is formatted to

i ncl ude: Audi 0o Pre-anble 14 Data-Sync bl ocks, each including: a Sync
area of 2 bytes an ID code of 3 bytes 15 adataareaof85 bytes Audi o
Post -anbl e_The fornat_of the data-s nc bl ocks MA& Figure 1. 20 Wen
the audAMEIHODIQRERQGEIMNG 4 ’G |l es and data
are shuffled over different tracks and dat a- sync bl ocks within an audio
franme. Firstly, audio data is shuffled, and then dumy data is added. The
posi t i oBacliground of thedusiemtiamanpl e is determ ned fromthe equations (1) -

6) whi follow tj. = /3 2* (3] CHI
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sourced from domestic camcorders. The data format is adapted to store both data related to

the video signal and the audio signal. Both signals are generally decoded separately.

Description of the Pﬂor Art
10  The audio part of DV data is formatted to include:
~® Audio Pre-amble
‘o 14 Data-Sync blocks, each including;
e a Sync area of 2 bytes
¢ an ID code of 3 bytes
15 e adata area of 85 byies
e 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, audio 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:

t,=[ln/3|+2+m%3)%T (CHI) M
t,=[ln/3]+ 2% @%N%T + T (CH2) | @)
s, =C, +3%(n%3) +{(n%K,)/ K, | @)
16,=C, + B*|n/K, | (bte 1) @
b =C,+1+B*|n/K, | (byte 2) )
b1=C, +2+B*[n/K, ] (byte3 for 4-ch mode) (6)



b"l =C + 2+ B* Ln/ KL J (byte3 for 4-ch node) (6) -2- Inrelation to

t he above equations, Ris the set of all real nunbers. Zis the set of all

i ntegers (positive and negative). Nis the set of all natural nunbers. t1l
and t2 are the track nunbers for channel 1 and channel 2 respectively. si
I's the sync bl ock nunber and bl is the byte position within the DI F bl ock.
ADF (Dgital Interface Format) block is a sub-part of 5 a DV frane. A DV
frame includes either 90 or 108 DI F frages dependi ng on whether the system
is 525/ 60 or 625/50. Figure 5 illustrates the relationship between a DV
frame and a DI F bl ock, where the dotted box represents a DV frame, while

each individual ra les repre s a,Dl F, bl ock. Wth regard
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rel at ed tsamplee represehs aDIRMoeldd t he constants T, K1, K2 and B. 25 The

. -codi ng process involves a shuffling operation which maps fromthe PCM
(Pul se Code Modul ation) donmain to the DV donmain. Figure 2 shows a top
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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.

If x is a real number (x € R), then |_xJ indicates the largest integer that is < x.

15
x%y indicates the remainder of the division of x by y, where x, y € N . By number theory,

x%ye[O,y).

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

20 distributed consecutively within the same DIF block. Samples 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, K;, 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 t;, {3, s; and
b, into DV format. Figure 3 shows a more detailed view of the shuffling of particular
samples, in which the left hand side shows a PCM frame with data samples Dy...Dn. The

30 dotted rectangle on the right hand side shows a DV frame . For each PCM sample, Dy, its
index, n, is used as the input to the shuffling equations (1) to (6) to determine its




bl into DV format. Figure 3 shows a nore detailed view of the shuffling of
particular sanples, in which the |eft hand side shows a PCMfrane with
data sanples Do...DN. The 30 dotted rectangle on the right hand side shows
a DV frane . For each PCM sanple, D,,, its index, n, is used as the input
to the shuffling equations (1) to (6) to determne its -3- corresponding
position in the DV frane. That is, (ti, st, bl) =1(n) DV [ti] [st] [Dbl]
PCM[n] = D. The values T, B, Kt and K2 are system dependent and are
summarised in the table below, 5 alond@with the constants C and C2. Sin
TKKK2BC C 2-ch 525/60 5 45 15 2 2 10 node 625/50 6 54 18 2 2 10
4-ch 525/60 5 45 15 3 2 10 node 625/50 6 54 18 3 2 10 Table 1 10 The
nunbers  ichréspending pBERiSR inthe DV flahie. TRRNE (4,28 §) =HO=>DVIhE[silbPes of
lines in the video systemand the refresh rate. So, 525/60 1s a 525 line
TV syst ePOM {#] =aD60Hz refresh rate. The DV audio signal is decoded to
enabl e the audio to be reproduced by playback 15 equi pnent, such as a video
cassette player. If the shuffled coded data may be represented as (t), t2,
st, Dbt) Théyhles TIBIK| Bt KeuRIs§StemRiperitient andary shiamarisal idehedbledelpwyvi de
the correct order of data. This concept is shown in Figure 4. However,
thi s donelepg with theconstards llland §3ssi bl e in practice, as the shuffling
process 20 involves nodul ar and non-1linear operations, such as Lxi, which
result in a one-to-nany reverse relationship. It is therefore not

general [y pogstefal € o epsilly fgpd aj suikbablle raverse € C;
2ch | 525/60 5 45 15 2 2 10
mode | 625/50 6 54 18 2 2 10
4-ch | 525/60 5 45 15 3 2 10
mode | 625/50 6 54 18 3 2 10
Table 1

10 The numbers in the System column of the above table refer to the number of lines in the
video system and the refresh rate. So, 525/60 is a 525 line TV system with a 60Hz refresh

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 représented
as (ty, ta, 81, by)= 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 f.

Prior art DV audio decoders therefore generally operate in one of two 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.



mapping f '. Prior art DV audi o decoders therefore generally operate in one
of two known ways. The 25 first way involves the creation of a Look Up
Tabl e (LUT) in which a nmapping relationship between received data and the
required output data is pre-conputed and stored to enable the received
data to be re-formatted accordingly. -4- This nmethod includes the foll ow ng
steps: Every elenent in the table is initialised to -1; For every n e
[O,N], conpute (ti, si, bi) using the shuffling equations (1) - (6); 5
Store values for nin a LU with index ti, si, bi] i.e. LUT [ti] [si] [bi]
= n;, For any incomng shuffled data byte, determine its position in the
raw PCM dat a IF LUT [ti] [si] [bl] = -1 THEN di scard value; ELSE PCM
[LUT [ti] [si] [bi] ] =DV [ti] [si] [bi] 10 The nmjor di sadvantage of this

parti cul a.. . | | . t of nmenory required to store the LUT.
Si nce th?héﬁé{ﬂggfds&?dﬁg%f,%ﬁ%% I nvolved in the shuffling equations
can be ofe dE{dr¢eRfieny i the SablCiRGMidh@de—het her it is a 525/60 or 625/50
system or a 2 or 4-channel system four separate |ook-up tables are

r equ: red.» EB@tevErym Es[gﬁt])n?dmpuw (t1.51,2e) using @elshuﬁ'ﬁlmuan@ﬂ(ﬂa;@ﬁond rrethhod
I nvol ves regei vi | n entir V | , ich is then
anal ysed *so ?F%Yﬁgﬁng%Bg?LﬁéJ‘ﬁgbgl%ﬁ 13 qﬂfbﬁmgﬁj[{saﬁg%‘?’s of the

anal ysi s.q %ﬁﬂyqﬁu&ﬁﬂggmqﬁed agts;bste', de &%iﬁ@ﬁybﬁﬁgﬁ?ﬁl thOr PCMEdldth ¥

!
determ ne the réverse ppI ng 20 but 1t he drawback that an
entire DV audilb LIFajtg [d $bi] & -baHEN filscard valuest or ed before decodi ng can

aw | POM dat « BHE BVGRITS igdsy 6541 5Oty SRbinbibrly 1265 in the OV frame.
Therefore, this
10 The major disadvantage of this particular method is the large amount of memory required
to store the LUT. Since the constants (T, K, K, and B) involved in the shuffling equations
can be of different values depending on whether it is a 525/60 or 625/50 system, ora 2 or
4-channel system, four separate look-up tables are required. Each LUT is similar in size to
a DV frame.
15
The second method involves receiving and buffering an entire DV audio 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 f”,

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 occurring 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, values of (11, 51, b) are calculated for n =0 to N. i.e. (t;, 51, b1) = f(n).
Then PCM[n] =DV [t1] {s1] [b1]

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 signal for further analysis.

30 The methods themselves are relatively straightforward to implement, but the memory
requirementé render them undesirable in practical systems.



techni que may only be used once a conplete DV audio franme is available. 25
To use this nethod, values of (ti, si, bi) are calculated for n = 0 to N
i.e. (ti, si, bi) =gn). Then PCMn] = DV [ti] [si] [bi] The prior art

nmet hods are problematic in that they both require relatively | arge anounts
of nmenory in order to either store the LUT or buffer the received signal
for finther analysis. 30 The nethods thenselves are relatively
straightforward to inplenent, but the nenory requirenents render them
undesirable in practical systens. -5- -Surmary of the Present Invention In a
first broad form the present invention provides nmethod of decodi ng audio
data, 5 encoded in multiple DIF blocks in a Digital Video (DV) data stream
and outputting said audio data as a PCMfranme, including the foll ow ng
steps: (i) fetching a single Digital Interface Format (DI F) block fromthe
DV data stream (ii) de-shuffling a first byte in the single DIF block to
determ ne, | ' ' CM frame; 10 (iii) repeating step (ii)
unti | th§“H§§?%e?géﬁehglﬁéﬁgP§ DI F block is processed; (iv) witing the
de- shuf f Ihed figst beoad form,t the presddtfimventiod provides methdd oftdecoding swdio d@aF bl ock is

the last in th DV, frane, t i) 1 LV). 15.
needi o ghFaed i unle DIFblocbtie 4 Pajp RS EDy3 o6 rbes T B Y o
enbodi meRf o dafa ds APEVITRERL, iddRARS e ToldWiaE skpy.ant ages over prior art

sol utions ich require redeipt of an entfre DV frame consisting of many

tens of Di(fj bifetching a singixt Digitgbintdrface Foemat (DEF) block fom threD¥1dats stream; can
Dot 206 leubibie B bAe Y Pl BBkt PRt i e
‘ PCM frame;
10  (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 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:
¢ track number (t)
25 e sync block number (s)
¢ Dbyte 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 'increm'ented by 1 each time a new DIF block is received, and is reset to



Preferably, the paraneters include: track nunber (t) 25 sync bl ock
nunber (s) byte position within the DIF block (b) Preferably, for the
first DDF block of a new franme, t, s and a DIF block counter are set to
zero. 30 Preferably, s is incremented by 1 each tine a new DIF block is
received, and is reset to -6- zero every nine DIF blocks. Preferably, t is
I ncremented by 1 every nine DIF blocks. 5 Preferably, the DV data nay be
encoded to one of a plurality of different video systens, such as 525/60
(2-channel or 4-channel) or 625/50 (2-Channel or 4-channel). Preferably,
each different video system may be characterised by several different
constants wused in the encoding and decodi ng of data, these constants being
;S tem Fergevery mneddIRblocks. ch 525/60 5 45 15 2 2 10 node 625/50 6 54 18 2
2 10 4-ch 525/60 5 45 15 3 2 10 node 625/50 6 54 18 3 2 10 10 9.
Preferably, the de-shuffling of data in the single D F block is perforned
accor di nBreférabliyheis terahetited by ¢ eeeryalineDIF blaks. (t1,s1, bl) =K, x, +K2xz+c

5 DPreferably, the DV data may be encoded to one of a plurality of different video systems,
such as 525/60 (2-channel or 4-channel) 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 C G
2-ch | 525/60 5 45 15 2 2 10
mode | 625/50 6 54 18 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"'(t1,s,,b1)

=Kx, +K,x, +¢
=K, (b, / B)+K,(s,%3)+(m T +t, —2%|s,/3)*3+|s, /3]

whore 1 4 ~2%|s,/3)<0,m' =1'
elseif (f, —2*|s,/3)20,m =0
where t;, s;, b; are the track, sync 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 (,, s1, b;) are calculated forn=0to N, i.e. (t1, 51, b1) = f{n),
20 which leads to PCM [n] =DV [t;] [s:1] [b1].

It is noted that values of n run sequentially, whereas values of (t;, 51, b;) do not. This
means that for a small n, the corresponding DV byte may appear in the very last part of the



=K, (b, /B)+K2(s,%3)+(m *T+t, -2*Ls, /3J*3+Ls, /3] where if (t, - 2 * Ls, /
3J) <0, mM =1 elseif (t, -2*Ls, /3jz0,mM =0 where ti, si, b, are the
track, sync block and byte nunbers respectively, included in the 15 single
D F block, and K1, K2 and B are constants characterising a particul ar
coding schene. In one of the prior art nmethods, shuffling equations are
used for de-shuffling purposes. In this prior nethod, values of (ti, a,,
bl) are calculated for n = 0to N, i.e._ (tl, Si, bl) = f(n), 20 which

|l eads to PCM [n] = DV [t1l] [si] [bI].'ﬂr is noted that values of n run
sequentially, whereas values of (t,, S I, bl) do not. This neans that for
a small n, the correspondi ng DV byte nay appear in the very last part of
the -7- fagieeThilhansdanan édtire DA frame ineedsdy b baffered de this methiod, tesulting md i n

t hi s nmet hod, resultlng in storage of a |arge anount of transient data.
By cont r dagsto 1H¥RQWQW19§ aﬂP i nvention use a reverse napping
relationship f 1 5 whi ch enables the position in the raw PCMframe to be
determned directly for any given data byte in the DV frame. In a_second
broad f oancohhastpﬂnmdmlnemtméﬂmlpmseml invergionwisel @ sevapisanapping relatiopsiy Hr i ng

the 0 first. broad for f. the i.nvention

prefe “@“ %@gﬁmeﬂ?sﬂ%l"ﬂ © I3y, r’raﬁii fmieds, t 5551 m@?@#%?ﬁnpt i on

of the Diygp %&ﬁnﬁg&m@ﬁﬁéer under st andi ng of the present invention and to
h

under st and he same may be brought into effect, the invention will now
be described by way of exarrpl e onl y, with 15 reference to the appended

]9 ; Z\rlr\ia ngS 1 B G Rroad 13 45 Snd prseggn Aot QfsgB}ov?cIes P Fartid 6 Refotmfly the DV data
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 drawings 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 de-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



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 frane is shuffled according to
the shuffling equations to produce DIF blocks within the DV data frane;
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 de-shuffling equations and
output as PCM data; and Figure 6 shows a flowhart detailing the steps in
the de-shuffling process. 30 Detailed scription of the Preferred

Enbodi ments -8- Enbodi nents of the invehiion are able to decode a received
DV audi o stream based on analysis of a single DF block rat her than on an
entire audio frame as per the prior art solutions. In the follomﬁng

descri pt |Embochﬂ!wnt30fﬂmvmmjmbmamw§tosim®arww°¢lﬁ :w.dg)ﬂreaa} basgd o her

words, for t.ur unber. an 7 0 The
const ant @@Séﬁ?a&ggqﬂ% %H’d' 9 eluaﬂqns%)ﬂgﬁ%%\h out any
| oss of gRnfioasity. The equations may therefore be re-witten as foll ows,

al t hough the byte positions and sync bl ock nunbers are now offset. t, =
[Lh/ 3] +2* (n¥B)]% (CH) (8) t2=[Ln/ 3] +2* (n%B)]% + T (CHZ)

(9) %3 :?ﬁl ng/@lglv‘v{@goﬁ%s):ﬁﬁgoﬂ ﬁlje%llovgi}lg'_foﬁmula FuskaK1 J (byte 1) (11)

ForVm,n e N , or in other words, for any m, n is a Natural Number, and

n=|n/m|*m+n%m ™

10 The constants C; and C; can be excluded from equations (1) — (6) without any loss of
generality. The equations may therefore be re-written as follows, although the byte

positions and sync block numbers are now offset.

t, =[|n/3]|+2* (n%3)1%T (CHI) ®
t,=[ln/3]+ 2% @WI%T+T  (CH) . ©)

=3 % (n%3) +| (n%K,)/ K, | | 10)

<b, =B*|_n/K1J (byte 1) an

bi=1+B+|n/K,] (byte2) (12)

‘b"l =2+B» |—" / Kl-’ (byte3 for 4-ch mode) (13)

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

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.



b'1l =1+B*Ln/K,J (byte2) (12) b"1 =2 + B * Ln/ K1 J (byte3 for 4-ch node)
(13) 15 The various constants which were included in equations (1) to (6)
can be excluded at this stage as they are invariant within a particul ar
format of DV data (e.g. 2-channel 525/60). The sync bl ock nunber and byte
positions are effectively offset to absorb d and C2. As all data bytes

bel onging to the sane audi o sanple are distributed consecutively within 20
the sane DI F bl ock, (fromequations (11)-(13)), once the first byte in a
sanple is located, the other bytes mmfPbe easily |ocated. The follow ng
derivation is for channel one and the first data byte only. The ot her
bytes may be found as described fromthis information. -9- L(n%, )/K2 J=x2

14 =>1nY = + EZ and 0<_c<K2 15 =: > n=Klx, +K2x2 ¢d)(16
fN‘leZe X, Qﬁ?pﬁ%rﬁ%@(gﬂ) anFr om_gqua%i f)ns)(14) -n(16;( and )e(qugti;f)n %10),
it b hag” 5 2 19 Ls, / 3] = 20
e i i A Gk TV R e

Ln/ 3J=L( I&yn)ig]qu.lgqx_@A.?éﬂc/ 3J (22) t1 =[Ln/3J+2*(n%B)]% . (16)
=>Ln/ 3J=n¥ T+t , -'2“(n(%§) Equation (14) => Lc/3J=m *T+t, -2*(c¥%B)=m *T+t1l
-2*Ls, /3]

Where x, =|{n/K, |=b,/B (17)

From equations (14) - (16) and equation (10), it can be seen that:

5 x,=5%3 | (18)
c%3 = n%3 (19)
|5, 73]=n%3 (20)
c%3=|s, /3] @n

10 Equation (16) then yields:

|n/3]|=|(K,x,) /3 |+ |(K,x;)/ 3]+ /3] 22)

t, =[ln/3]+ 2% (n%3)]1%T

=|n/3|=m*T +t, -2*(:;%3)}

Equation (14)

=|c/3]=m T+t -28(c%3) =m *T+1t,-2+|s, /3]
,where m' =m=|(K,x,)/3)/T-{(K,x,)/3}/T

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

—T-DEmT<(T+3)=>m {0} } (23)
m *T+1, -2%|s,/3]=[c/3]=>0sm *T+1, - 2%|s,/3[<T

if (¢, -2*|s,/3)<0,m' =1
elseif (r, —2*[s, /3)=0,m =0



,where M =mL(K, x,)/33/T-L(K2x2)/3J/ T In order to evaluate m, the
constraints of the various paranmeters may be used as follows: - (T -1) <
MT <- (T+ 3" mM a{0,1) (23) m *T+t, -2*Ls, /3J=Lc/3J=05m *T+t,
-2*Ls, /3J<T} if (t, -2*Ls, /3J<0,m =1 telseif (t, -2*Ls, /3JzO,m =0
-10- Equations (16) - (18), (22) and (23) can then be used to define the
reverse mapping, f' as: n=f-'(tj,sl,b,) =Kixl +K2x2 +c =K1(bl

/ B) +K2(s19%8) +(m *T+t, -2*Ls, /3 j*3+Lz /33 (24) where nf (t, -2*Ls,
/3J)<0,mM =1 else if (t, -2*Ls, /3J)2" 9n1 =0 Figure 5 illustrates the

525/ 60 system It is apparent that suitable changes may be nmade in 5 order
to adapt the process for other previously nmentioned systems such as 625/50.
The pr oc Emafidns $6y-afls), (22) 4fidyAB)can thercbamked to Hefiffethe aniersg mapping; { 13s: The
explicit de-shuffling expression is determned fromthe shuffling
equations. 10 This process to find f' fromf has already been descri bed,
and is periquzd o] B-Iine l.e. it is not necessary to performthe
operaticpr reafe?me as it may be perforned in advance of receipt of the
DV data stKegm K2x,®¢e DI F block at a time is read fromthe external data

stream The jndi f e 19 datg|(t/k, are used as t I nput
ar gunment s"?é)tbf ﬂ@%?‘zgfﬁ@s”s("}mfg’m ?O\L/é' /'gsll)e BL%??J on n of the a(p ropriate
- byte in the PCMdata to be determ ned. The sanme value n is then al so used
for the subse nt 1).hyte(s)., 3. If the systemis operating 2-channel
mode, the@hgg(ﬁ#ﬁfl —éﬁfd?ﬁgﬂn lﬂl) (r) DV(tt,

o [elseif(t,—2*l_s,/3_|)20,m'=0

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 systems 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 f! from f has 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, s1, by) are used as the input arguments to the f' 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;, 51, b1) © DV(t,,
20 s;, by+1). If the system is not operating in 2-channel mode, then PCM[n] = DV(t;, 51, b)) ©
DV(ty, s, bi+1) @ DV(ty, 51, 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



20 st, bl+l). If the systemis not operating in 2-channel node, then PCM n]
= DV(ti, st, bl) Dv(tt, st, bl+l) (r) DV(tj, st, bl+2). 4. Steps 2 and 3
above are repeated until all the DIF blocks in the received DV audio frane
are de-shuffled. 25 -11- 5. Post process the de-shuffled data, if

necessary, and output as a PCMfrane. A preferred nethod of performng the
de-shuffling operation is to use a suitably programmed DSP (D gital Signal
Processor). A single DIF block may be fetched froman 5 external nmenory to
an internal nenory of the DSP. The DI Elbrock i ncl udes system specific

I nformati on fromwhich the constants K1, K2, T and B nay be determ ned.
These constants are used in the subsequent processing. For the first DIF

bl ock of 5a newWoktpmeess thesleSshufflddl datd ifneckssarys and outputias R framie. and t he
10 DIF block counter are reset to zero. Wienever a new DIF block is
received, Si is increnmented by 1, and is reset to zero every nine DF

bl ocks. tApie?eﬁé&QﬁethG&Bf“?@ﬂirﬁﬁhgbt}ie de-sRUBling SpertioniftdhseGlsaitatipch recei ved
DI F bl ock 1ncludes 72 data bytes which correspond to 72B sanples. 15 The

Zhuf fli ngﬂr@mmﬁgﬁﬂ @mgisal Soilmad Prosasset)d Aadingle DIF block maydedagherdfrom ﬁlﬂ{:e sarme
e . : o b ek
oe ofS 1 el entrs o e ShRY N The 1 RGEFh G a0

sanpl e. Epécifié inférimativh Front RARMRE cotistafitstG KB; T ahy Bafiay bédstémiined. Thedet ar e
used to determne the PCM sanple with index n cal cul ated by the de-

shuf f | | ngoasianms argused mphe sebspaient processinghe DI F bl ock data is then
i ncrenmented by B so that it points to the first byte of the next sanple.
When all the DIF blocks in a DV frame have been processed as

For the first DIF block of a new frame, the Sync block number s,, track number t;, and the

10 DIF block counter are reset to zero. Whenever a new DIF block is received, s, is
incremented by 1, and is reset to zero every nine DIF blocks. t; is then incremented by 1
every nine DIF blocks. Each received DIF block includes 72 data bytes which correspond
to 72/B samples.

15 The shuffling equations reveal that individual data bytes belonging to the same data sample
are distributed consecutively in the same DIF block. Making use of this fact, equation 24 is
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 Figure 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 decoding process can
begin. Also, there is no need to prepare and store a large look up table, saving the overhead
of providing relatively large amounts of memory.

30



descri bed, the desired nunber of sanples which have been stored in the PCM
buffer are witten to the external nenory, as shown in Figure 6. 25 In
contrast to prior art decoding systens, therefore, enbodi nents of the
present invention do not require an entire DV audio franme to be received
before the decodi ng process can begin. Also, there is no need to prepare
and store a large | ook up table, saving the overhead of providing
relatively |arge anounts of menory. 30..12- Enbodi nents of the invention,
using the explicit reverse napping rerégronships described previously, are
able to directly conpile PCM data fromincom ng DV audi o data, requiring
only a single DIF block at any one tine. The indices tl1, sj, bl are al

that i s rEmbédimentsof thedtresntioncusingthe expliciineverse mappivgrelationshipe describedhal  PCM

frame. 5 The foll ow tabl & sho r,educti on in [\ WhHIL.C e

achi eved RTRY'§ aﬁ%%bqgf" 3&??@8&9%?&34 %ﬁ&oﬁ%ﬂ‘%%wpﬁ%o%g?@%&% deo
st andar dsonly SinI¥ IS BISEK at@RF ond/Eide0thdTnaRes HEA! B, &t allfikat ierequiyed tonvent i on
Reduction Factor (Entire DV Frame Basis) (DIF Bl ock Basis) NTSC 10*9 D F

bl ocks 1 doterminedhe positior-afithe dg@ in fhecoriginad ®UM fiame= 7200 bytes PAL 12*9 DI F
bl ock551 DI F block 108 =12*9*80 bytes = 80 bytes = 8640 bytes

The following table shows the reduction in memory which can be achieved through use of
embodiments of the invention with different video standards.

System Conventional Method Embodiments of the Memory
Invention Reduction Factor
(Entire DV Frame Basis) (DIF Block Basis)
NTSC 10*9 DIF blocks 1 DIF block 90
= 10*9*80 bytes = 80 bytes
= 7200 bytes
PAL 12*9 DIF blocks 1 DIF block 108
= 12*9*80 bytes = 80 bytes
= 8640 bytes

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/sample 67%
Division 3/sample 2/sample 33%

15 It can be see that embodiments of the invention are able to provide 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.



10 The following table illustrates the reduction in different processing
operations which can be achieved through use of enbodi nents of the

i nvention. Qperation Conventional Method Enbodi nents of the Reduction
Factor (Entire DV Frame Invention Basis) (D F Bl ock Basis Mdul ar
Qperation 3/sanple I/swple 67% D vision 3/sanple le 33% 15 It can be see
t hat enbodi nents of the invention are able to provide decodi ng of DV audio
data using significantly | ess physical_ pmenory, and requiring significantly
fewer processing operations to achi evB the same resultant data as can be
achieved by prior an solutions. In the light of the foregoing description,
it wll be clear to the skilled man that various 20 nodifications may be
made Wi t IThe ptesentsmvantion inclitles amynowel feature dBeorfibinatponcaffeatures disalosesh i ncl udes

any nove| featuyre or, conbination of .fegtures disclosed erein.ei

oxbl i o 1 herety ciths cxplitiv.an a8y eReTaliqgtipR fhereol FrespReHY 5 et Bt fut fhiks |
rel ates ¢f fethfmed fiveRior SARzhRE afly orill bORE Brobiéiis Adrédkéd. of the probl ens
addressettjé. -314- CLAIMS 1. A mt,g'%lhogﬂ%f decodi Eg audi o data, encoded in
multiple DIF blocks in a Digital Video (DV) data stream and outputting
said audio data as a PCM frame, including the followng steps: 5 (i)
fetching a single Digital Interface Format (DIF) block fromthe DV data

stream (ii) de-shuffling a first byte in the single DIP block to
determne its index (n) in the PCMfrane;




(ii1) repeating step (ii) for each subsequent byte until the last byte in
the single DIF block is processed; and, 10 (iv) witing the de-shullled
data into the PCM frane for output if the single DIP block is the |ast of
the multiple DIF blocks in the DV data stream 2. A nethod as clained in
claim1 wherein the index (n) of a particular data sanple in 15 the out put
PCM frame is dependent on paraneters of the DV data. 3. A nethod as cl ai ned
in claim2 wherein the paraneters inclgge: track nunber (t) sync bl ock
nunber (s) 20 byte position within the*"DIF bl ock (b) 4. A method as
claimed in claim3 wherein for the first DIF block of a new franme, t, s

and a DI F bl ock counter are set to zero. 25 5. A nmethod as clained in claim
4 wher ei CISAAIMSI ncrenented by 1 each tine a new DIF block is received, and

wherein -1 PrPOHA dEPoSirem Bt et Ering PIF BufkEk EiaA 0 7L 1 ©
cl ai med iid@\DOW itPtrdalit ald 66BAItAG st dafiedsel PCMRarhd/ inldidingde - 15- be

encoded to one of a plurality of different video systens, such as 525/60
( 2- channdolloving stepsiannel ) or 625/50 (2-channel or 4-channel). 8. A method

char act or (Qoq Ttk § s leteC itk EEhaTbI oG S BIDTackfream,
decodi ng @) daeahuffliNEes first BRtiA tHessinigle DIF bloSk $6 determilie iR ifdeC(n)Ga the
PCM frame; |
(iii) repeating step (ii) for each subsequent byte until the last byte in the single DIF
block is processed; and, .
10  (iv) writing the de-shuffled data into the PCM frame for output if the single DIF block
is the last of the multiple DIF blocks in the DV data stream.

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

3. A method as claimed in claim 2 wherein the parameters include:
e frack number (t)

¢ sync block number (s)
20 e byte position within the DIF block (b)

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

and a DIF block counter are set to zero.

25 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.

30
7. A method as claimed in any one of the preceding claims wherein the DV data may



2-ch 525/60 5 45 15 2 2 10 node 625/50 6 54 18 2 2 10 4-ch 525/60 5 45 15
3 2 10 node 625/50 6 54 18 3 2 10 10. A nethod as clained in any one of
the preceding clainms wherein the de-shuffling of data in the single DF

bl ock is performed according to the de-shuffling equation: n=.f 1(t"s"b,)
=K, x, +K2x2 +c 10 =K, (b, /B)+K2(s, %) +(m *T+t, -2*Ls, /3)*3+Ls, /3J where
If (t, -2*Ls, /3J)<0,mM =1 elseif (t, - 2* Ls, /33 z 0, M =0 where t1,
si, b, are the track, sync bl ock and bﬁée nunbers respectively, included in
the single D F block, and K1, K2 and-B?are constants characterising a
particular coding schene. 15 11. Apparatus arranged to performthe nethod
of any one of the preceding clains. 12. Apparatus as clainmed in claimll

wher ei n tbeenégded tabnsof Hplaratitys 6 OdiffEregt video Srstemad, sudhrazsSRS40r(2{chaitel or 4-
channel) or 625/50 (2-channel or 4-channel).

8. A method according to claim 7 wherein each different video system may be
5 characterised by several different constants used in the encoding and decoding of data,

these constants being :

System T K; K, B C Cz
2-ch | 525/60 5 45 15 2 2 10
mode | 625/50 6 54 18 2 2 10
4-ch | 525/60 5 45 15 3 2 10
mode | 625/50 6 54 18 3 2 10

10. A method as claimed in any one of the preceding claims wherein the de-shuffling
of data in the single DIF block is performed according to the de-shuffling equation:

nzf_l(tl’sl’bl)
=K x,+K,x, +c
10 =K,(b,/B)+ K,(5,%3)+(m *T +1, -2%|s,/3)*3+|s,/3]

where if(tl—2“'|_s,/3j)<0,m'=1'
elseif (¢, —2*|s,/3)20,m" =0

where t;, 51, b; are the track, sync block and byte numbers respectively, included in the
single DIF block, and K, K; and B are constants characterising a particular coding

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

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



