DESCRIPTION

Title of Invention
Digital Signal Encoding Method and Apparatus, Digital Signal

Recording Medium, and Digital Signal Décoding Method and

Apparatus

Technical Field

The present invention relates to a digital signal encoding
method and apparétus, a digital signal recording medium,.and a
digifal signal decoding method and apparatus, and is applicable
to an apparatus fo; encoding and decoding a digital signal by

adding an error correction code.

ﬁBackground Art

Heretofore, iﬁ a compact disc (CD), an audio signal is
converted into a digital signal so that the Signal is encoded and
recorded in accordance with a CD standard. A signal format of
the CD is shown in Fig. 14. One frame comprises one byte long
subcode, 24 bytes long actual data, and 4 bytes long Cl error
correctioﬁ code and 4 bytés 1on§ c2 error_correction code (CIRC
(Cross Iﬁtefleave Reed-Solomon que)) which amount to a total of
33 bytes.' In addition, at the heéd of the one frame, a frame
synchronization signal is added. Conséquently, a ratiorof the-

error correction codes which occupies in the total size of data



excluding subéodes, ﬁamely the redundancy is 8 bytes/32 bytes, or
25%. |

In addition, in the case of a signal format of the CD, as
shown in Fig. 15, one block is formed of 98 frames which is
called one sector. Actual data in this one sector is 2352 bytes
long. Iﬁ the two frames long subcode at tbe head of the_one
sector, peduliar patterns referred to as SO and S1 are recorded
so that the head of the sector can be differentiated.
Incidenfally, the error cor;ection-code CIRC is whaf connects two
stages of Reed Solomon Codes, namely Cl and C2 cﬁdes with the
interleave.

A structure of this CD encbding/decoding appératus is showﬁ
in Fig. 16. At the outset,'in the encoding apparatus,.sik _
samples_porfion of each channel L and R, or 24 bytéé constitutes
one unit of the digital audio data so that the data is input to
the CIRC encoding circuit 1. The CIRC encoding circuit 1
comprises a circuiy shown in Fig. 17. More specifically, an-even
number samble delay circuit 21 and a scramble circuit 22 delays
py two fraﬁe portions even—nﬁmbered sample data respectively to
change the arrangement thereof. This is intended to.intérpolate
defect portion thét cannot be corrected with adjacent data and to
obscure}the data in acouétic sense when the érror éannot be
‘corrected. | | |

Furthermore,_cz codé encoding portidﬂ 23 calculatés 4 bytes

of C2 parity to be added to the 24.bytes of the original code.



The interleaver 24.offers interleaves whose maximum delay eitends
over 108 frames. The Cl code encoding portion 25 calculates 4
bytes long Cl parity to be added to 28 bytes long data including
‘the original code and C2 parity, so that the total length of data
becomes 32 bytes. |

The odd number symbol delay circuit 26 delays by another one
'frame portion only the odd-numbered symbol.. The reason for such
a delay is that when a random error is generated over 2 bytes the
effect is given to oﬁiy one symbol in one series of Cl codes.
The inverter 27 inverts-a polarity of - the parity to prevent a
judgement that no error is generated when an error in all the
data becomes zero.

A subcode adding circuit 2 adds one-byte long subcode to a
CIRC encoding output thus obtained for each of 32 bytes. Here,
above-described codes SO and S1 indicating the head of the sector
are also added as the subcodés. And the codes are EFM modulated
with the subsequent EFM (Eight Fourteen Modulaﬁion) modulating
circuit 3, and a frame synchronization signal is added to a héad
"of the frame in the frame éynchronization signal adding circuit 4
to be éent to a cutting apparatus 5. The cutting apparatus 5,
perférms mastering so that a disc 6 in which a digital audio
signal is recorded in accordénce with the CD sfandard is
manufactured.

‘On the other hénd, the decoding apparatus performs a process

which is opposite to the encoding process for decoding the



signalsf More specifically, the signal read from the disc 6 is
separated with a frame synchronization detecfing and separating .
circuit 8 via an RF amplifier 7 with the detection of the frame
synchronization signal. Sﬁbsequently,-the EFM demodulation
circuit 9 demodulates the signal, and the subcode detecting and
Separating circuif 10 detects and separates thé subcode at the
head of the one frame to be input to the CIRC decoding circuit
11. The subcode detecting and separating circuit 10
differentiates thé head of tﬁe sector_by detecting the codes SO
and S1. This CIRC decoding circuit 11 compriges a circuit shown
in Fig. 18 so that one frame portion of 32 bytes are input.

More specifically, an even number symbol delay circuit 31'
delays by one frame even-numbered symbol out of.the 32 bytes.
- The subsequent parity inverting circuit 32 inverts the_parity;
lThe Cl code décoding circuit 33 uses a Cl code to correct an
error: This allows 28 bytes long déta‘excluding Ci parity to be
sent to the subsequent deinterleaver 34 to be deinterleaved. The
C2 code decoding portion 35 uses the C2 code to correct an error.
This allows 24 bytes exciuding c2 paritx to be sent to the
subsequenf descramble circuit 36 to be descrambled. The odd
number sample delay circuit 37 delays by two frame portion odd-
numbered sample of the descrambled data thereby outputting one
‘frame portion of 24 bytes long data.

Here, relations between the Cl code series, C2 code series,

and data actually recorded on the disc is explained by using

.



Figs. 13 and 19, A horizontal direction ‘in Fig;-lg is a Cl code
series in which_an error is cofrected wifh the Cl code in this
order. Aésumiﬁg that data is recorded on fhe acfual déta in the
order of DO, Dl and D2, at thé outset‘DO, D1, D2 ... data is
input.in parallel to the even humber symbol delay circuit-31. In
the even number symbol délay circuit 31, since even-numbered
_Isymbols'such as D1, D3, D5 ... are delayed by one frame, at the
-entrance of the Cl code decoding portion 33 at the certain time,
one frame portion of symbols in the Cl code series shown in the
horizontal direction in Fig. 19 for example, D32, D1, D34, D3 ...
D29, D62 and D31 are input in parallel. Consequently, relations
betwéen data read out from the disc and the Cl code series
exhibit a zigzag shape as shown in Fig. 19. The relations will
be as follows when the reiations is represented in an equation.
Let "i" designate a Cl code series number, "j" a symbol numbér in
the C1 code. Let "k" designate a symbol order recordéd on the
disc. Then the symbol is designated by "Dk". Then (i, j) can be

represented in the following equatiohs:

i=(k/32) + (k mod 2)

j=K mod 32 ' cereee (1)

However, the fractions less than a decimal point are rounded
down in division. In addition, symbol "mod" in the

'aforementioned equétions designate a surplus in the division.



Thése,definitioﬁs are the same with the following equations.

On the other hand, in the deinterleaver 34; since an output
from the Cl code decoding portion 33 is delayed by 108 frames at
most, at the entrance of the C2 code decoding portion 35 a symbol
series taken out by one sym561 for every four series of Cl code
series is input as a C2 code series as shown in Fig. 19 with the
dotted arrow. Consequently,.when an error is corrected by using
the C2 code, symbols in 108 frame'portions'in tﬁe Cl code series
from the disc must be read out. Incidentally, in the present
' applicafion, Cl code series frame which is required'fﬁr the error
.correctibn in the C2 code series is referred to as an interleave
constraint length. With the CD, the-interleave constraint length
has 108 frames. | |

By the way, as described above, thé CIRC used in the CD is
an error correction code which is effective for both a random
error and burst error. However, thé coréection capability is
limited. When the digitallsignal is to be recorded in high
density, it often happens that the error cannot be .corrected. Ih
addition, when a larger size of data is to be recorded on the
disc, the ratio of error correctioh code which Qécupies the total
‘size of data, or the redundancy is already determined. ' Thus the
size of data that can be recorded is limited.

Furfhermore, in the CD sfandard, no'informatiqn is available
which differentiates the 6rder of frames. Thus, there is a

problem in which when a certaiﬁ framé,cannot be read out



connectively due to a burst error, no method is available which
allows detecting the number of defected frames with the result
that the C2 code cannot be corrected and correction cannot be

performed at all.

Disclosure of Ihventibn

Thé present invention has been.made in view of the
aforementioned point, and the invention is intended to'provide
‘digital signal encoding method and apparatus, a digital signal
recording medium, and digital signal decoding method and
apparatus which are capable of-impr¢ving error correction
Capabilities and redu&ing'tﬁe redundancy with a simple structure
when a digital signal is encoded and decoded by adding an error
correction code.

To solve such a problem, according to the present invention,
- a digital siénal encoding methoé for encoding a digital signal by
adding an error correction cpde compriseé: adding to an input
digital signél a first parity obtained by using at least a first
encoding series.of the input digital signal; adding to the input
digital signal a second parity obtained by'using a second code
series which corresponds té a plﬁrélity of symbols taken out from
the adjacent plurality of first che series by éhifting eagh
symbol by one. symbol; and-arranging an input digital signal to
which the first and the second parity are added so that an

arrangement of symbols in the second code series does not agree



with the arrangement of symbols on a recording.medium.

Furthermore, according to the present invention, a digital
signal encoding apparatus for encoding a digital signal by adding
an error correction code comprises: meané for adding to an input
digital signal a first parity obtained by using at least a first
code series of an input digital signal; means for adding to an
input digital signal a second parity obtained by using a second
code series which dorresponds to a plurality of symbols taken out
from the aforementioned plurality of adjacent first code series
by shifting each symbol by one symbol and.means for arranging the
input digital signal to whichﬁthe first and the second parity are
added so that the arrangement of symbois in the second code
series -does not agree with the arrangement of symbols oﬁ a
recording medium.

Furthermore, according to the present invention, in a
digital signél recording medium ?ecorded an encoding digital
signal encoded by adding an error correction code, the encoding
digital signal is generafed by adding to an input digital signal
a first parity obtained by using at least a first code series of’
" input digital signal and then adding to the input digital signa1'
a second-parity obtained by using a second dode serieslwhiéh
_ corresponds to the plurality of symbols taken out from the
plurality of adjacent first code series by shifting each symbols
by one symbol.thereby arranéing the input digital signai to which

the first and the second parity are added so that the arrangement



of symbols in the second code series does not agreé with fhe
‘ arrangement of symﬁols on a digital.signal recording medium.

Furthermore, according to the present invention, in a
digital.signal decoding method for decoding an encoding digital
signal generated by addiqg to the input digital signal the first
parity obtained by using at least the first code series of the
input-digitallsignal, adding to the input digital signal the
- second parity obtained by using the second code series which
corresponds tolthe plurality of symbols takeﬂ out from the
plurality of adjacent first code series by shifting each the
symbols by one symbol thereby arranging an input digitalisignal
to which the first and thé second parity are added so that the
arrangement of symbols in the second code series does not agree
with the afrangemeht'of symbols on the recbrding medium, an
encoding digitai signal supplied from the transmission channél
are rearranged, the encodiﬁg digital signal thus rearranged is
subjected to a first error correction in the direction of the
first code series by using the first parity, and the encoding
digital signal thus rearranged is subjected to the-second error.
correction in the direction of the second code series by usihg
the second parity. |

Furthermore, according to the present invention, a digital
: signal'decoding'apparatus for decoding ah encoding digital signal
generatéd by adding to the input digital signal the first parity

obtained by uéing at least the first code series of the input



digital signal, adding'tb thg input digital signal the second
parity obtained by_ﬁsing the second code series which cbrresponds
to the plurality of symbols taken out from the plurality of
adjacent fiist code series by shifting each symbols by one symbol
thereby arranging an inpﬁt digital signal to which the first and
the second parity are added so thaf'the arrangement -of symbols in
the sécond code series does not agree with the arrangement of
symbols on the recdrding medium, comprises: means for
reérranging an encoding digital signal supplied from a
transmission channel; means for subjecting thus rearranged
encoding digital signél to the first error correction in the
direction of the first code series by using the first parity; and
means for subjecting the rearranged encoding digital signal to
the second error correction in the direction of thée second code
series by using the second parity.

When the digital signal is encbded by adding an error
correction code, the code 1en§th, the correction parity number
and the interleave constraint length are increased to a level
more than the compact disc standard. Consequently, the
rédundancy is reduced compared with the compéct.disc standard to
increase a size of data that can be recorded, so that an error -
correction caﬁébilities can be improved witﬁ a simple structure
and the redundancy can'be eliminated when the digital signal is

encoded and decoded by adding an error correction. code.
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Brief Description of Drawings

Fig. 1 is a schematic diagram showing a structure of one
code length of a Cl code by é‘method for encoding'and decoding a
digifal signal according to the present inventioﬁ.

Fig. 2 is a schematic diagram explaining the interleave in

an L format.

Fig.'3 is a schematic diagram explaining the interleave in
an S format.

Fig. 4 is a schematié diagram explaining a sector structuré
by a method for encoding and decodiqg é digital signal according
to the present invention.

Fig. 5 (A) and 5 (B) are schematic diagrams showing a
recording order on a disc and an order of a Cl code.

Fig. 6 is a schematic diagram showing a recording order on
the disc and the order of the Cl code.

Fig. 7 is a block diagram showing a digital signal encoding
apparatus according to one embodiment of the present inventidh.

Fig. 8 is a block diagram showing a structure of an error
correétion code encoding prdcéss portion in the L format in the
digital signal encoding apparatus of Fig. 7.

Fig. 9 is a block diagram showing a structure of an error
correction code encoaing process portion 'in the S format in the
digital signai encoding apparatﬁs of Fig. 7.

Fig. 10 is a block diagram showing a digital signal decoding

apparatus according to one embodiment of the present invention.
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Fig. 11 is a schematic diagram explaining the burst error
correction process.

Fig. 12 is a block diagfam showing a structure of an error
correction code decoding process portion in the L format in the
.digital signal decoding apparatus of Fig. 10.

Fig. 13 is a.block diagram showing a structure of an error
correctibn code decoding process bortion.in the S format in the
digital signal decoding apparatﬁs of Fig. 10.

Fig..14 is a schematic diagram showing a structure of one
code length of the Cl code in the conventional compact disc.

Fig. 15 is a schematic diagram shoWing a structure of a
sector in the convenf;onal compact disc.

Fig. 16 is a block diagram showing an encoding and decoding
apparatus of the conventional compact disc.

Fig. 17 is a block diagram sﬁoWing a structure of an error
correction code encoding process portion in the encoding
.apparatus_of the éonveﬁtional compact disc.

Fig. 18 is a block diagram showing a sfructure of an error
correction code decoding process portion in the decoding
apparatus of the conventional compact disc.

Fig. 19 is é schematic diagram showing a recording order on

the disc and the order of the Cl code in the conventional compact

‘disc.

Best Mode for Carrying Out the Invention
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An object.of the interleave will be explained at the outset
before describing an embodiment of the present invention. The
interleave serves to'distribute burst errors that continue oVer.
several symbols on a ‘disc so thaf the burst errors can be
observed as rapdom errors in a direction of Cﬁ. By the way, in
the present embodiment as described later, the length of the Cl.
code series is set to 136 symbols which is considerably long
compared with 32 symbols of a CD. Since the CD is short with a
32 symbols of Cl code series, symbols are taken out for every
four frames of Cl code series to be a C2 code series as described
above to attain the aforementioned object. Thus, when the C1
code series is arranged in the horizontal diregtion, an angie
formed by the Cl code series and the C2 code series is referred
to as a deep interleave when the angle is large. In the present
émbodiment, since the C1 Eode series ié long, the afbrementidned
object can be attained without performing the deep interleave.

In the beginning, the interleave in CIRC used in the CD is
rendered simply shallow. Then it is thought that the C2 code
series constitutes a C2" codé series shown in Fig. 19. 1In this
case, the C2' code series is an interleave such that 33 symbols
are inserted between adjacent symbols with DO being disposed at
the head thereof as shown in Fig. 19. With such a structure, one
symbol is taken out from each of cdnsecutive101 code series. In
the embodiment shown hereinbeloﬁ, since the Cl code series is

long, a space between each of the symbols in the C2' code series
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is actually 16nger than tﬁis, the aforementioned object can be
attained like the deep interleave of the CD.

When such an interleave is performed, DO and D1, and D66 and
D67 or the }ike become symbols which are located adjacent to each
other on the C2' code series aﬁd arranged adjacent to;each.other
on the disc;.too. The same thing can be said even when the Cl
code series is 1opgﬂ The original object of the interlea&e is to
distribute errors that continue over several symbols on the C2
code series. Thus it is not preferable that”a symbol order on
the disc agrees wifh a symbol ordé; on the C2' code with the
result that the correction capabilities of the C2' code get
worse. In embodiments that will be described hereinafter, the-.
symbol order on the disc doés.not agree with the symbol prder on
the C2' code. |

One embodiment of the present invention will be described in

detail with respect to the drawings hereinbelow.

(i) : Method for Encoding a Digital Signa;

In a method for encoding a digifal'signal according to the
present_embodiment, a formaf @n thch'the.interleave constraint
length is lengthened and a burst error'correction capability is
improved is referred to as an L format ﬁhereas a format in which
the constraint length is shortened and the burst error co:rection
dépability is minimized to a required degree to raise a process

speed is referred to as an S format.



In a method for encoding a digital signal, Fig. 1 shows a Cl
code as a whole wherein the code length comprises 136 symbols,
data comprises 116 symbols, 8 symbols at the end constitutela
center of Cl parity, and 12 symbols at the center constitute a C2
parity. At the head of the code, a sync for synchrohigation
detection is arranged, and, for example, one bit long fofmét ID
is arranged following a sync. This format'ID describes which is
fhe format of the two, an L format or'an.s férmat. One code
iength of the Cl code is referred to as one frame hereinbelow. A
frame ID is arranged in one symbol af the head of the data
following the format ID. Here, the frame-Ib is included in the
- Cl code. Then an error can be corrected with the C1 code
correction.

| The interleave in the L format_is shown in Fig. 2. In this
L format, the C2 code has a code length of 128 symbols, and 128
symbols of Cl codes are interleaved. When an error is corrected
jby using a total parity symbol with the CZ_codé, an error in 12
sgmbols in the C2 code can be corrected. This cérresponds to 12
-Cl_codes so that burst errors in 1632 symbols can be corrected.

The interleave by the S format with respect to this point is
shown in Fig. 3. The Cl code is completely the same as the L
format. The C2 code has a code length of 128 symbols.like the L
format. The C2 code.is interleaved that.can be folded with the
43rd Cl1 code. The constraint length thereof is one third of the

L format. When it is possible to correct an error in 12 symbols
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in the C2 code like the L format, the burst error'in four
portions'of the Cl code, namely 544'symbols_can be corrected.

The redundancy in this format is 14.7% as. compared witﬁ 25%
in the CD. In addition, in the CD, the coées'01 and C2 have a
parity numbe; of four symbols. However, in this format; the
codes Cl and CZIhave-a parity number of 8_symbolé and 12 symbols
respéctively. Since'the codes are so-called LDC (Long Distance
Code), tﬁe cérrection éapability can be remarkably improved as
compared with the CD. | |

A sector structure in this format is shown in Fig. 4.
Eighteen Cl codes donstitute one sector. A data po;tion
excluding a parity comprises 2088 symbols. Out of 2088 symbols,
the frame ID comprises 18 symbols, the sector head coﬁprises 18
symbols, an error detection code (EDC) comprises 4 symbols. The
' remaining 2048 symbols.constitute actual data. In other words,
when one symbol comprises one byte, one sector comprises 2k
bytes. Numbers are recorded in the framé ID in an order bf 0, 1,
2, ..; , 17 from the head frame of fhe sector. - This is'repeated
for each of the sectors.

A case will be describéd in which odd-numbered symbol is
delayed at the encoding time so that an arrangement of symbols in
the C2 code series,éf the digital'éignal in this embodiment does
not agree with a symbol_érrangement on the'disc. Fig. 5 (A)
shows a relafion émong tﬁe Cl.code series, the C2 code series and

data actually recorded on the dise according to the present
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embodiment. Data is read in the horizontal direction so that the
Cl code is corrected. Like the aforementioned Fig. 19, the Cl1
code order is designated by SYmbol "i", a symbol order in the Cl
code is .designated by symbol "j", aﬁd a symbol on the disc is
designated by "Dk". The symbols “i“ and "j" are repfeéented in.

the following equation:

(K/ 136) + (k mod.2)

e
]

(&8
il

68 ¢« (k mod 2) + ((k mod 136)/2) cesses (2)

More specifically, odd-numbered stbdl in which "k" is an
even number is arranged in the first half of the C1 dode whereas
even-numbered symbol in which "k" is an odd number is arfanged in
the latter half of the subsequent Cl code. 1In such a delay, the

data order on the disc does not agree with the data order of the

C2 code so that the effect of the burst error can be minimized.

Such a delay can be éctualized by providing a delay portion 306

~ shown in Fig. 8 that will be described later. In this example,

symbols are arranged by dividing into two the Cl code. However
the division is not limited to two part division7 For example,
fhe code may be divided into four parts as ‘shown in Fig, 6. In

such a case, "i" and "j" are represented in the following

equations:

i = (k/136) + (k mod 2)
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§ =34+ (kmod 4) + ((k mod 136)/4) ceeee. (3)

In such an qperation, it is possible to arrange the
structure so that the data'grder on the disc does not agree with
the C2 code order.
| " Furthermore, in Fig. 5 (A), odd-numbered symbol is delayed,
but even-numbered symbol may be delayed. Relations among the Cl
code series, the C2 code series and data actually recorded on the .
disc is such that is shown in Fig. 5 (B).

When odd-numbered symbol is delayed, as shown in Fig. 5 (A),
a portion remainé in which adjacent symbols in the C2 code series
agree with an arrangement of symbols on the disc (for example,
D270 and D271). In the case of Fig.'5 (B) in which even-numbered

symbol is'delayed, no such phenomenon is generated with the

‘result that the error correction capability can be improved.

Incidentally, with reépect to a case shown in Fig. 5 (B), (i, 3j)

can be shown in the following equation:

-
I

(k/ 136) - (kmod 2) + 1

(SN
L]

68 « (k mod 2) + ((k mod 136)/2) ceeees (4)

(2) Digital Signal Encoding Apparatus and Digital Signal
Decoding Apparatus
"There will be described an embodiment of a digital signal

encoding apparatus for realizing a method for encoding the

18



.\‘-—j

aforementioned digital signal and an embodiment of a digital

. signal decoding apparatus which corresponds to the digital signal

encoding apparatus. In the beginning, a structure of the digital
signal encoding apparatus according to the present invention is
shown in Fig. 7. This digital signal encoding apparatus selects
either the L format or the S format with a format*switchiﬁg
signal. Data to which the fraﬁe ID is added to the head of the
frame is input to input the.forﬁat;

An input signal is input to a memory 101 in the beginning.
Either Cl code or C2 code is sent to.an error correction circuit
102 in fhis order and an error cd?rection code is added thereto
and is written into the memory 101 again.. Then the code is sent
to an EFM modulation circuit 104. The generation of a writing
address and a reading address in-these memories is controlled in
accordance with the format selected with the format switching
signal by the memory control portidn 103._

Fig. 8 shows a case in which input data is processed with
the memory 101 and the error correction circuit 102 in the case
of the L format of Fig. 5 (A). .The input data is processed in
such a manner that 116 symbols from a0 t;_alls ére collected in
one group. In the beginning, even-numbered symbol is delayed by

one code length at the delay portion 301. Then the symbols are

interleaved with an interleaver 302 so that the symbols are

rearranged in an ordei of the C2 code shown in Fig. 2, and a C2

correction parity is calculated and added at the C2 code encoding
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portion 303.

Then after the éymbois are brought back to the original
order with a deinerleaver 304, and the Cl correction parity is
calculated and.added at the Cl code encoding portion 305,_odd-
numbered sfmbol ig delayed at thg delay portion 306. After that,
only correction symbol parities of Cl and C2 codés are inverted
at the inverter 307 so that 136 symbols from bO to b 135 are
output. The symbols are recorded on the disc 107 in an order of
b0, bl, b2, .... 1Incidentally, the L format in Fig.5(B) can be
realized by providing the delay'portion 306 on the side of bl,
b3, bs «oees bl33, bl35 instead of providing the Qame portion 306
on the side of b0, b2, b4 .,.. bl32, bl34 in Fig. 8.

Fig. 9 shows a case of the S for@at like the aforeméntioned
case. The case shown in Fig. 9 is different from the
aforementioned case of the L format only in an interleaver 402 -

. and a deinterieaver 404. A delay portion 401 has the same
structure as the delay portion 301. A C2 code encoding portion
403 has the same structure as the C2 code encoding portion 303.

A Cl code encoding pbrtion 405 has thé same structure as the Cl
code encoding portion 305. A.delay portion 406 has the same.
structure as the deléy portion 506. An inVertér 407 has the same
structure as-fhe inverter 307. A delay quantity g(x) of the
interleaver 402 and a delay quantity f£(x) of the deinterleaver

403 are represented in the following equations.
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f(x) X mod 43

42:- £(127 - x) ceeees (5)

g(x)
This provides a C2 code order as shown in Fig. 3.

- The data sent from the memory 101 to the EFM modulation
~-circuit 104 is EFM modulated and the sync and the format Ib of
the selected fOrﬁat are added in the subsequent sync/format ID
adding circuif 105. Then the data is sent to a cuttlng device
106 so that the disc 107 is manufactured.

Since the digital signal encoding method in the present
embodiment is based on an assumption that the digital signal is
used for recording and reproducing computer data, and compressed
data or the like, it is considered that a portion where an error
eannot be.corrected is not extended to a wide ecope when an error
cannot be corrected. The C2 code is added via an interleaver so
that data is recorded on a disc 107 in the original data order,
namely in the order of a0 to all5. After that the data is
brought back to the orlginal order with the delnterleaver.
Furthermore, a delay portion 301 is provided so that the delay

quantity of the even number symbol becomes equal to the quantity

of the odd number symboi. _ _
| The embodiment will be explained with respect to Fig. 8.
The symbqllao is delayed by 127 frames with the interleaﬁer 302,
| and then is further delayed by one frame with the delay portion
306. Therefore, when the sfmbol a0 is output as bO,  the data

_ order is delayed by a total of 128 (= 127 + 1)-frames; Further;
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the data order a2 is delayed by 126 frames with the interleaver
302, and then is further-deiayed bf one frame with the
deinterleaver 304. The same symbol is still further delayed by
one frame with the delay portion 306. Therefore, when the symbol
a2 is output as b2, the symbol is'delayed by a total of 128 (=-
126 + 1 -+ 1) frames. The séme thing holds of other symbols such
as a4, a6, ... ... all2, and a114. The delay quantity of the
odd-numbéred symbol represented by an even numbér in Fig. 8 is
128 frame in respective cases. |

On the other hand, the even-numbered symbol represented by
an odd number in the Fig. 8 is delayed as follows. When the
delay portion 301 is not provided, the symbol al is delayed by 57
frames with the interleaver 302. The symbol al is further
de;ayed by 70 frames with the deinterleaver 304. Consequently,
when the symbol al is output.as b5, the same symbol is delayed by
a total of 127 (= 57 +.70) frames. Further, the symbol a3 is
delayed by- 56 frames with the interleaver 302. The symbol a3 is
delayed by 71 frames with the deinterleaver 304." Consequently,‘
when the symbol a3 is output as b7, the same symbol is-délayed‘by
a total of 127 (= 56 + 71) frames. The same thing holds true of
other symbols such aS'as( a7 ... ... all3, and alls. .Tﬁe deiay
quantity of even-numbered symbol is 127 frames in respective
caseé. . . ’

The difference_in the delay quantity between the odd-

numbered symbol and even-numbered symbol is one frame. To absorb
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this delay quantity, the.delay portion 301 is provided. When the
delaj portion is constituted in such a hanner, fhé original data
order agrees with tﬁe dafa order-recordeﬁ.on the disc.‘ Thus, an
expansion of the portion that cannot be corrected can be
prevented in comparison with the case that the original data
order is shuffled like the CD.

However, the delay portion 301 may not be provided. In this

case, the data order recorded on the disc agrees with the data

brder'of the Cl1l code series. Altﬁough the data order recorded on
the disc does not agree with the original'data order completely,
the original data order is maintained to a certain degree in
comparison with the case that the original data order is shuffled
like the CD. Thus, the expanéion.of the poftion that cannot be
corrected can be prevented. Incidentally it goes without saying
that a delay portioq 507 is not provided on the side of a decoder
whén the delay portion 301 is not provided on the side of an
encoder. ‘

On the other hand, the digitél'signal decoding apparatus is
constituted as shown in Fig. 10. A signal read out from the disc
107 passes through an RF amplifier 201 to be detected and
separated into a sync and format ID with a sync/format ID

detecting and separating circuit 202. Then the signal is

differentiated to determine whether the signal is in the L format

or in the S format. Then a format differentiation signal is sent

to a memory controller 206 on the rear column. The data deprived
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of the sync and the format ID at the sync/format ID detecting and
separating circuit 202 is demodulatea-with fhe EFM.demodulation
circﬁit 203 énd is incorporated into the memory 204.

The memory controller 206 detects whether the data is in the
L formét.or in the S format with the format differentiation
signal output from the sync/format ID detecting and separating
circuit 202. In accordéncé with the detection, the memory
controller 206 controls the writing and reading addresses of the
memory. The déta incorporated into the memory 204 is rearranged
into an order of Cl codes and is sent to an error correction
circuit 205.. Then the corrected code is then written into the
membry 204 again. The code that haé-been subjected to the Cl
code.corréétion is read out in the order:of C2 code. The code is
further‘correcéed-with the error correction circuit 205 in the
same manner and is written into the meﬁory 204 again. The data
that has been_subjécted to the error 6orrgction ié outpuf from.
the memory 204. These controls are performed by the memory
controller 206. |

Subsequently, countérmeasureé against a case in wﬁich
consecutive number frames are lost in a burst error will be
explained. When the code.after thé'Cl code correction is written
info the memory 204, the frame ID at the head of thé code is
output to the memory controller 206. The memory controller 206
mqnifors the contihuity of- the frame ID. Fig. 11 shows how the

code after the Cl code correction is written into the memory 204.
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A frame having 1 as the framg ID is referred to as frame 1
hereinafter.  Suppose that frames 4, 5, 6, and 7 are written into
the memory and then the subsequent four frames are lost in the
burst error so that the C1 code cannot be corrected and the same
Cl code can be corrected again with the frame 12;

Here, when the frame 12 is written immediately after the
frame 4 on the memory 204, C2 code is-sﬁspended for 4lsymbols so
that the code cannot be corrected. To prevent it, the following
countermeasures .is provided. That is, when a difference is
calculated between the frame 7 immediately before the burst error
and the frame 12 immediately after the burst errof, it is
possible to detecf that the lost number of frames is 4 frames.
‘The "frame ID surrounded by a bracket in Fig. 11 represents the
lost frames in the burst error.

Then four fréme:portions of a memory'area is provided so the
frame 12 will be written from the 5th frame. .With such an
operation, four symbols error can be generated and corrécted on
the C2 code. In this manner, the memory controller 20 constantly
monitors the frame ID to appropriately switch the address to
which the Cl code is written so that the C2 code can.be:corrected
.even if several frames are lost in the burst error.’

Fig. 12 showé a process inlwhich data in the L format shown
in Fig. 5 (A) is processed at-the mémory 204 and the error
correction circuit 205. With.respect to the input data, 136

symbols from b0 to bl35 are,processed as one group. In thel
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beginning, Cl and C2 parities are inverted-with the inverter 501
and even-numbered symbol is delayed by a length of one code at
the delay portion 502. After‘that, thé Cl code is corrected at
the Cl1 code decoding portion 503, aﬁa is interleaved with.the
_interleaver 504. Then the C2 code is corrected at thé C2 code
decoding portion 505.

After this the code is deinterleaved.with the deinterleaver
506. Then odd-numbered symbol is delayed by a length of one code
with the delay portion 507_t6.provide outputs a0 to all5. Here
- the -interleaver 504 is the same as the interleaver 302, and the
deinterleaver 506 is the same as the deinterleaver 304.
Incidentally, the L format shown in Fig. 5 (B) can be realized bﬁ
providing the delay portioh 502 on the side of b0, b2, b4 ... ...
bl132 and bl34 instead of providing the same portion on the side
~of bl, b3, b5 ... ... 5133 and bl35 in the Fig. 12,

Fig. 13 shows a éasé of the S format in the same manner as
the aforementioned case. The S format is different from the L
format only in the interieaver 604 and the deinterleaver 606.

' The inverter 601 is the same.as the inverter 501. The delay
portion 602 is the same as the delay portion 502. The Cl code
decoding portion 603 is the.same as the Ci code decoding portion
503. The C2 code decoding portion 605 is the same as the C2 code
decoding portion 505. The delay portion 607 is the same as. the
delay portion 507. In addition, the delay quantity g(x) of fhe

interleaver 604 is the same as the counterpart of the interleaver
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402. The delay quantity f(x) of the deinterleaver 606 is the
same as the counterpart of the deinterleaver 404.

Incidentally, the process at each of the delay portions and

interleavers shown in Figs. 8 and 9 can actually be realized when

the mémory controller 103 controls the writing address, the
reading address, the writing timing and the feading timing of the
memory 101: In thelsame manner, the process at each of the delay
portiohs and deinterleavers shown in Figs. 12 and 13 can actually
be realized when the memory controller 206 controls the writing
address, the réading address, the writing timing and the‘feading

timing of the memory 204. For example, when data Do, D2, D3 ...

. reproduced from the disc 107 is respectively stored in a position

which corresponds to (i, j) shown in Fig. 5 (A) as the writing
address of the memory and is subsequently read out in the
horizontal direction, namely when data_D136, D138 ;.. ... D270,

D1, D3 ... ... D133 and D135 which corresponds to i=1 is read

~out, even-numbered symbol'in the delay portion 502 of Fig. 12 is

delay processed. In addition, the switching of the L format and
the S formgt can be realized by switching the control method of
the memory controller 103 and the memory controller 206.

In the above strﬁcture, error cérrection capabilities can be
remarkably improved with respect to the random error and the
burst errbr by increasing_the code length and the error
correction parity number and lengthening the interleave

constraint length as compared with the CD standard. Further, the
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quantity of data that can be recorded actually can be increased
by reducing the redundancy as compared with the CD étandérd.
‘Thus, when the digital'sigﬁal is endoded-and decoded by adding an
error correction code, the error correction c;pabilitieé can be
improved and the redundancy can.be reduced with a simple.
Structure; |

Further, in the aforementioned structure, formats having.the
same code length and the same érror correction parity number and
different interleave constraint length are prepared so that those
formats are differentiated with the'format ID. Consequently, the
aforementioned structure can correspond to a p;urality'of formats
without complicating the encoding apparatus and the decoding
_apparatus; With the differentiation with the format ID, a
plgrality of formats can be mixed on.one disc and can be recorded
‘and reproduced. - | |

Fufther, in the aforementioned structure; the delay quantity
of the odd-numbered symbol and even-numbered symbol are devised
so that the CZ code order does not agree with fhe'data order on
the disc thereby preventing the worsening of the burst error
corrééting capabilities. Further, by adding the frame ID, when
consecutive several frames are lost in the burst error, tbe
number of frames can be accurately detected so that an error in

the C2 code can be corrected without any trouble.

(3) Other Embodiments
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In the aforementioned embodimehts, the‘length of Cl code,
namely one frame length is set to 136 symbols, eﬁdeCI parity and
C2 parity are set to 8 symbols and 12 symbols respectively. The
;interleave constraint length is set to 128 symbols. However, one
frame length, the parify_length and the interleave constraint
length are not limited thereto. Those length caﬁ be selected in
accordance with the necessary. For example, even if the_
interleave constraint length of the S format is the halfllength
of the counterpart of the L format, the same effect as the
aforementioned.embodiments. Further, Cl1l parity is arranged.at
the end of the code and C2 parity is arranged at the center of
the eode in the aforementioned embodiments, but the arrangements

are not limited thereto. The parities can be arranged everywhere
of the code.

For example, in the.L fermet, the length of C1 code, namely
one frame length may be set to 170 symbols, and Cl parity and the
C2 parity may be set to 8 s&mbols and 14 symbols respectively.
The interleave constraipt length ean be set to 138'fremes. Tﬁe
cl parity end the C2 parity can be arrenged at the'end of the
code.
| ' Furthermore, in the aforementioned embodiment, the L format
and the S format can be seiected. A format ID for
differentiating the selected format is pro;ided, but the L format
and the S format can independenfly_exist. So a format in which

either of the two is adopted at the outset is included in the
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seope of the present invention. Incidentally,'the format ID is'
not required in this case. |

In the eforementioned embodiment, there is. described a case
'in which the format ID is added to one bit following the sync.
The arrangement of rhe format ID is not limited fhereto. For
example, the format ID may be provided inside of the sector head.
Further, the frame ID is set so that the frame ID is repeated
cyclically in'a unit of one sector. Instead of this, the frame
. ID can be repeated cyclically in a unit of several sectors.
Alternatively, frames, for example, from O to 255 can be repeated
irrespective of sectors.

In the aforementioned embodiment, there ie deecribed a case
in which a readfonly opticai disq such as a compact disc or the
-1like is presupposed as a recording medium of a digital signal.
‘The present invention is not limited thereto. The present
invention is preferably applied to digital signal encoding method
and apparatus, a digital signal recording medium and digital
signal decOding‘method and apparatus which use a wrifable medium
such as magneto-optical'discs, magnetic discs, or magnetic tapes.

As described above, the present invention provides digital
signal encoding method and apparatus, a digital signal recording
medium, apd,dig%tal signal decoding method and apparatus which
are capable of improving errer correction capabilities wirh
respect to random errors and burst errors and reducing the

redundancy as compared with the CD standard to increase the
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duanti;y of data that can be actually récorded by.inCréasinQ the
code length and the error correction parity number and-
lengthening the interleave constraint length as coﬁpared with the
Cb_standard.

Furthermore, the present invention provides digital signal
encoding'method and apparatus, a digital signal recording medium, -
and digital signal decoding methbd and apparatus which are
capable of corresponding to a pluraiity of formats without
complicating the encoding apparatus and the decoding apparatus by
preparing formafs having the same code length and correction
parity nuﬁber, and diffeient.interleave constraint length,
differentiating the formats.with the fofmat ID and which are
capable of mixing a plurality of.formats into one medium to be
recorded and feproduced by differentiating the formats with the
fofmat ID.

| Furthermore, in accordance with the presenf invention, the
burst error correcting capabilities are prevented from getting
worse by arranging the appératus so that the C2 cdde order does
not agree with the data order on the disc bf devising an odd
number delay quantity. Furthermore, in accordance with the
pfeseﬁt invention, there is provided digital signal encoding
method and apparatus, a digital signal recording medium and
digital signal decoding method and apparatus which are capable of
detecting thé number of frames and correcting én error in the Cc2

code without any trouble even when several consecutive frames are
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lost in the burst error by adding the frame ID.

Industrial Apblicability

The digital encoding method and épparétus of the.present
invention can be used for a DVD (digital video disc) reéording
apparatus. In addition, the digital gignal decoding method and
apparatus of the present invention can be used.for the DVD
reproducing apparatus. Further, the digital recording medium of

the present invention can be used as the DVD.

32



F

wgs.

* € L K s %

-4l THIS SHEET HAS BEEN

" REPLACED
CLAIMS

1. A digital sighal encoding,method_for encoding a digital
signal by adding an error correction code thereto, said methdd
~.comprising the steps of: '

addiné to an input digital signal a first parity obtained by
using at least a first code series of the input -digital signal;

adding to said input digital signal a second parity obtéined
by using a second code series which corresponds to a plurality of
sfmbols-taken oﬁt from said plurality.of adjacent first code
series by shifting fhe symbols by one symbol; and

arranging said input digital signal to which said first and
said second parity are added so that an arrangément-of said
second code series symbols does not agree-with the arrangemént of
symbols on a recording medium, ) |
2. The digital signal encoding method according to claim i
.wherein : ,

a code iength of said first and second code series,_said
first pafity, said second parity and an intefleave constraint
length are respectively longer than the compact disc standard.

3. Tﬁe digital signal encoding method according to dlaim 1
wherein |

said second code series excludes a folding with respect to a

predetermined number of said first code series.

‘33
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4. The digital signal encoding method according to claim 1

‘wherein

said second code series includes a folding with respect to a

predetermined number of said first code series.
5. The digital signal encoding method according to claim 1
Qherein:

one format is selected from a plurality qf fofmats having
the same code length and the parity number and different
interleave constraint length; and

identification information for identifying éaid selected

format is encoded.

6. The digital signal encoding method according to claim 1

wherein

an identification number is added to.said ééﬁh of first code
series. |
7. A digital signal éncoding apparatus for encoding a digital
signal by adding an error correction code thereto, séid apparatus
comprising:

means fdr adding to an input digital signal a first parity
obtained by using at least a first code series of the input
digital sighal;

means for adding to said input digitél signal a second
parity obtained by using a second code seriés which corresponds
to a plurality of symbols taken out from said plurality of

adjacent first code series by shifting the symbols by one symbbl;
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and

‘means for arranging said input digital signal to which said
first and second parities are added so that an arrangement of
symbols in said second code‘series does not agree with an
arrangement of symbols on a recording medium.

8. The digital signal encoding apparatus according to claim 7
wherein

a code length of said first and second code series, said
first parity, said second parity and an intefleave constraint
1éngth are respectively_longér than the compact disc standard.
9. The digital sighal encoding apparatus according to claim 7

wherein

said second code series includes a folding with respect to a

-

predetermined number of said first code series.

10. The digital signal encoding apparatus %ccording to claim 7

wherein

said second code series excludes a folding with respect to a
predetermined number of said first code series.

11. The digital signal encoding apparatus according'to claim 7

wherein
.-

the apparatus has means for encoding.identificatipn .
informatibn for identifying the format selected from a plurality
of formats having the same code length and the correction parity
aﬂd different interleave.constraint length.

12. The digital signal encoding apparatus according to claim 7
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the apparatus has means for adding an identification number

wherein

to said each first code series respectively.

13. A digital signai recording medium in which encoding digital

' signal encoded by adding an error correction code is recorded,

said encdding digital signal is generated by; adding to an input

digital signal a first parity obtained by using at least a first

code series of the input digitél signal;-

adding to said input digital signal a second parity obtained
by using a second code series which corresponds to a plurality of
symbols taken out from said plurality of adjacent firét code
series by shifting the'symbols-by one symbol; and

arranging said input digital signal to which said first and
said second parity are added so that an arrangement of said
second code series symbols dbes not agree with the arrangement of
symbols on said digital signél recording medium.
14. The digital signal recording medium according to claim 13

wherein

the code length of said first code series, said first

parity, said second parity and the interleave constraint iength

_ are respectively longer than the compact disc'standard.

15. The digital signal recording medium accofding to claim 13

wherein

sald second code series excludes a folding with respect to a

predetermined number of said first code series. -

. P
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16. The digital signal recording medium according to claim 13

whérein

said second code series includes a folding with respect to a
prgdetermined number qf said first code series. |
17. The digital signal recording medium according to claim'lé
wherein

identification information is recorded for differentiating a
- format selected from a plurality of formats having the same code
length and correction parity and a different interleave

constraint length.

18. The digital signal recording medium according to claim 13

wherein

an identification number is added to each of-said.first code
series.
~19. A digital signal dedoding method for decoding an encdding
digital signal generated-by gdding to an input digital signal a
first parity obtained by using at least'a first code series of
the input digital signal, adding to saiﬁ input digital signal a
second parity obtained by using a second code series which
co#responds to a plurality of symbols taken out from said
plurality of adjacent first code series by shifting the symbols
by one symbél, and'arranging the said input digital signal to
which said fiist and second parities are added so that an
arrangement of symbols of said second 6ode series does not agree

with an arrangement of symbols on the recording medium, said

This Sheet Has Been Ilrﬂlaced 37




e —

! THIS ShgeT "HAS '%EE\' J
! REPLAGED ;

LSSy ;.g

method comprising the steps of:

rearranging an encoding digital signal supplied from said
transmission channel;

subjecting said rearranged encoding digital signal to a
first error correction in a directién of said first code series
by using said first parity; and |

subjecting said rearranged encoding digital signal to a
second error correction in a direction of said second code series
by using said second parity;
20. The digital signal decoding method adcording to claim 19
wherein

the code length of said first and second cbde series, said
first parity, said second p&rity and the interleave constraint
length is longer than thelcompact disc standard respectively.
. 21. The digital signai decoding method according to claim 19
wherein '

said éecond code series excludes a folding with respect to a
predetermined number of said first code series.
22. The digital signal decoding method according to cla;m 19
wherein

said second code series includes a folding with rgspect.to a
predétefmined number of said fifst code-serieé. |
23. The digital signal decoding method according to claim 19.

wherein

identification information is detected for differentiating a

____________~________
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format selected from a plurality of formats having the same code
length and parity number and different interleave cdnstraint
length, and error correction process is controlled on the ba51s
of sald 1dentiflcat10n information.
24. The digltal signal decoding method according to claim 19
wherein

an identification number added to said first code series
respectively is aetected'and-an error correction process is
controlled on the basis of said identifiéation number.
25. A digital signal decodin§ apparatus for decoding an encoding
digital signal generated by adding to an input digital signal a
first parity obtainéd by dsing_at least a first code series of
the input digital signal, adding to said input digital signal a
second parity obtained by using a second code series which
corresponds to a plurality of symbols taken out from said
plurality of adjacent first code series by shifting the symbols
. by one symbol, and arranging said input digital signal to which
said first and second parities are addéd so that an arrangement
of symbols of said second code series does not agree with an
arrangément 6f symbols on the recording medium, said apparatus
comprising:

means for rearrahging an encoding digital signal supplied
.from said transmission channel; |
| . means for subjecting said rearranging encoding digital

signal to a first error correction in a direction of said first
_’___________J__,__

i .
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code series by using said first parity; - and

means for subjeéting said rearranged encodihg digital signal-.
to a second error qorrection in a direction of said second code
series by using said second parity. _
26. The digital signal decoding appaiatué according to claim.25
wherein |

the code length of saidlfirst and second code series, said
first parity, said second parity and the interleave constraint
length are respectively lohger than the compacf disc standara.
27. The digital signal decodihg apparatus according to claim 25
wherein

said-second code series excludes a foldiﬁg with respect to a
predetermined number of said first code series..
28. The digital signal decoding appafatus according to claim 25
wherein

said second code series includes a folding with respect to a
predetermined number of ‘said first éode seriés.

29. The éigital signal decoding apparatus according to claim 25
comprising'

means for detectlng identification informatlon for
differentiating a format selected from a plurality of formats
having the same code léngth and the parity numhér,and a different
interleave constraint length; and

means for coﬁtrolling an error correction pfocess on the

basis'of said identificétion information.
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30. The digital signal decoding apparatus according to claim 25
comprising:

means for detecting an identification number added
respectively to said fifst'code series; and

means for controllingﬁan error correction process on the

basis of said identification number.
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