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(57) ABSTRACT 
In a decoding system and method for a high-density recording 
medium, a high protective codeword decoder decodes a burst 
indicator subcode (BIS) while a low protective codeword 
decoder decodes a long distance code, so as to eliminate the 
waiting time required for completely decoding all burst indi 
cator Subcodes (BISs) and starting the long-distance code 
(LDC) decoding. In addition, a first memory having a high 
access speed is implemented to store the BISs and corre 
sponding BIS erasure indicators, and the access to a second 
memory have a lower access speed relative to the first 
memory is relatively reduced such that the bandwidth can be 
effectively used to thereby increase the decoding efficiency 
on the high-density recording medium. 
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1. 

DECODING SYSTEMAND METHOD FOR 
HIGH-DENSITY RECORDING MEDIUM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to the technical field of opti 

cal storage media decoding and, more particularly, to a decod 
ing system and method for high-density recording medium. 

2. Description of Related Art 
As shown in FIG. 1, an error correction code (ECC) cluster 

10 has 152 long distance code (LDC) data columns, a syn 
chronization data column and three burst indicator Subcode 
(BIS) data columns 12. The LDC data columns are divided 
into four LDC blocks 13 by the synchronization data column 
11 and the BIS data columns 12. The original LDC data is 
discontinuous and interleaved into the different LDC blocks 
13. Some ECC coding or decoding techniques are disclosed 
in U.S. Pat. No. 6,378,100, granted to Van Dijk, et al. for a 
“Method and apparatus for encoding multiword information 
with error locative clues directed to low protectivity words', 
U.S. Pat. No. 6,367,049, granted to Van Dijk, et al. for an 
“Encoding multiword information by wordwise interleav 
ing, U.S. Pat. No. 6,604,217, granted to Kahlman for a 
“Multiword information encoded by wordwise interleaving 
and wordwise error protection with error locative clues 
derived from Synchronizing channel bit groups and directed 
to target words”, U.S. 2003/0208714, published Nov. 6, 2003, 
entitled “Method for encoding multiword information by 
wordwise interleaving and wordwise error protection with 
error locative clues derived from synchronizing channel bit 
groups and directed to target words, a method for decoding 
Such information, a device for encoding and/or decoding Such 
information, and a carrier provided with such information'. 
and U.S. Pat. No. 7,281,193, granted to Wu, et al. for a 
“Method and apparatus for decoding multiword informa 
tion’. U.S. Pat. No. 6,378,100 discloses a decoding method in 
which the synchronization codes, the BIS codes or their 
dynamic or static combination is used as an erasure, and U.S. 
2003/0208714 (a continuation application of U.S. Pat. No. 
6,378,100) further discloses a method using a synchroniza 
tion code as an erasure indicator. 

However, the aforementioned patents only disclose a con 
cept for the method of decoding ECC data, i.e., they do not 
explicitly disclose practical implementation methods. To 
overcome this, U.S. Pat. No. 7,281,193 discloses a decoding 
method in which the synchronization and BIS codes are com 
bined as a tactic and the tactic can be switched automatically. 
FIG. 2 is a block diagram disclosed in U.S. Pat. No. 7,281, 193 
in which the demodulated and de-interleaved BIS and LDC 
codes are Stored in the DRAM 21. The LDC/BIS decoder 22 
reads a BIS from the DRAM 21 for decoding and subse 
quently recording the BIS error flag in the SRAM 23. Next, 
the LDC/BIS decoder 22 reads an LDC from the DRAM 21 to 
decode, and the BIS to LDC erasure generator 28 reads the 
BIS error flag from the SRAM 23 to thereby produce an LDC 
erasure flag to the LDC/BIS decoder 22 for the LDC decod 
ing. Thus, the LDC decoding performance of the LDC/BIS 
decoder 22 is increased. 

In decoding of a typical high-density recording medium, it 
firstly completes the BIS decoding in order to obtain the BIS 
error flag and then decodes the LDC in order to produce the 
LDC erasure flag based on the BIS error flag, thereby increas 
ing the LDC decoding performance, as cited in the decoding 
disclosed by U.S. Pat. No. 7,281,193. Such a decoding has a 
disadvantage that the LDC decoding is not performed unless 
the BIS decoding is complete. For a future high-speed high 
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2 
density recording medium, decoding must be performed with 
high speed and high efficiency. Accordingly, the time waiting 
for completing the BIS decoding is a waste. 

FIG. 3 is a schematic diagram of a data format of BIS 
blocks. FIG. 4 is a schematic graph of a table of interleaved 
mapping of partial BISs. As shown in FIGS. 3 and 4, the 
coordinates of the de-interleaved BISs are not successive (not 
following the direction of each codeword). Therefore, the 
demodulated and de-interleaved BISs are stored in the 
DRAM 21 and the DRAM 21 are then accessed for decoding, 
which are inefficient and occupy the bandwidth of the DRAM 
21. Accordingly, the disclosed method is not suitable for a 
complicated system application or a high-density recording 
medium to meet the system performance requirement of 
high-speed reading. 

Therefore, it is desirable to provide an improved decoding 
system and method to mitigate and/or obviate the aforemen 
tioned problems. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a decoding 
system and method for high-density recording medium, 
which can eliminate the waiting time required for completely 
decoding all burst indicator subcodes (BISs) and starting the 
long-distance code (LDC) decoding to thereby increase the 
decoding speed. 

Another object of the present invention is to provide a 
decoding system and method for high-density recording 
medium, which essentially performs accesses to a high-speed 
first memory and reduces accesses to a second memory hav 
ing a lower speed relative to the first memory to thereby 
increase the use efficiency of the bandwidth of the second 
memory and further the system decoding performance. 

According to a feature of the invention, a decoding system 
for a high-density recording medium is provided. The decod 
ing system includes a first memory, a high protective code 
word decoder, a burst indicator subcode (BIS) to long dis 
tance code (LDC) erasure generator, a second memory and a 
low protective codeword decoder. The first memory stores a 
high protective codeword. The high protective codeword 
decoder is connected to the first memory in order to decode 
and correct the high protective codeword to the first memory 
to thereby produce a BIS erasure indicator with a position 
information. The BIS to LDC erasure generator is connected 
to the first memory in order to, based on the BIS erasure 
indicator, produce an LDC erasure bit for a low protective 
codeword. The second memory stores the low protective 
codeword. The low protective codeword decoder is connected 
to the second memory and the BIS to LDC erasure generator 
in order to decode and correct the low protective codeword to 
the second memory. In decoding, the low protective code 
word decoder first directly decodes and corrects the low pro 
tective codeword, and then decodes and corrects the low 
protective codeword based on the LDC erasure bit when the 
low protective codeword exceeds a decoding capability of the 
low protective codeword decoder. 

According to another feature of the invention, a decoding 
system for a high-density recording medium is provided. The 
decoding system includes a demodulator, a first de-inter 
leaver, a first memory, a high protective codeword decoder, a 
burst indicator subcode (BIS) to long distance code (LDC) 
erasure generator, a second memory, a second de-interleaver 
and a low protective codeword decoder. The demodulator 
receives a modulation signal and performs a demodulation 
operation on the modulation signal to thereby produce a 
demodulation signal, wherein the demodulation signal has 
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high and low protective codewords. The first de-interleaver is 
coupled to the demodulator in order to receive the demodu 
lation signal and perform a de-interleaving operation on the 
high protective codeword of the demodulation signal to 
thereby produce a de-interleaved high protective codeword. 
The first memory is coupled to the first de-interleaver in order 
to store the de-interleaved high protective codeword. The 
high protective codeword decoder is connected to the first 
memory in order to decode and correct the de-interleaved 
high protective codeword to the first memory to thereby pro 
duce a BIS erasure indicator with a position information. The 
BIS to LDC erasure generator is connected to the first 
memory in order to depend on the BIS erasure indicator to 
produce an LDC erasure bit for a low protective codeword. 
The second memory is connected to the demodulator in order 
to store the low protective codeword of the demodulation 
signal. The second de-interleaver is coupled to the second 
memory in order to perform a de-interleaving operation on 
the low protective codeword to thereby produce a de-inter 
leaved low protective codeword. The low protective code 
word decoder is connected to the second memory and the BIS 
to LDC erasure generator in order to decode and correct the 
low protective codeword to the second memory. In decoding 
the low protective codeword decoder first directly decodes 
and corrects the low protective codeword, and then decodes 
and corrects the low protective codeword based on the LDC 
erasure bit when the low protective codeword exceeds a 
decoding capability of the low protective codeword decoder. 

According to a further feature of the invention, a decoding 
method for a high-density recording medium is provided, 
which decodes a signal with high and low protective code 
words. The decoding method includes the steps: (A) initial 
izing a codeword counting variable; (B) determining whether 
a high protective codeword decoding is complete, and execut 
ing step (E) when the high protective codeword decoding is 
complete and otherwise step (C); (C) determining whether a 
low protective codeword is correctable, and correcting the 
low protective codeword when the low protective codeword is 
correctable and otherwise recording the low protective code 
word in a table as an uncorrectable codeword; (D) increasing 
the codeword counting variable by one, and executing step 
(B); (E) determining whether all uncorrectable codewords in 
the table are completely decoded; and (F) producing an LDC 
erasure bit for a corresponding low protective codeword 
based on a BIS erasure indicator of the high protective code 
word when the corresponding low protective codeword 
recorded in the table as an uncorrectable codeword is not 
decoded, and then decoding and correcting the corresponding 
low protective codeword based on the LDC erasure bit, and 
executing step (E). 

According to another feature of the invention, a decoding 
method for a high-density recording medium is provided, 
which decodes a signal with high and low protective code 
words. The decoding method includes the steps: (A) initial 
izing a codeword counting variable; (B) determining whether 
a high protective codeword decoding is complete, and execut 
ing step (D) when the high protective codeword decoding is 
complete and otherwise step (C); (C) determining whether a 
low protective codeword is correctable, and waiting when the 
low protective codeword is not correctable, until the high 
protective codeword decoding is complete; (D) producing an 
LDC erasure bit for the low protective codeword based on a 
BIS erasure indicator of the high protective codeword, and 
decoding and correcting the low protective codeword based 
on the LDC erasure bit; and (E) determining whether a low 
protective codeword decoding concurrently activated with 
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4 
the high protective codeword decoding is complete, and end 
ing when the low protective codeword decoding is complete. 

Other objects, advantages, and novel features of the inven 
tion will become more apparent from the following detailed 
description when taken in conjunction with the accompany 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a typical error correction 
code (ECC) cluster of a high-density recording medium; 

FIG. 2 is a block diagram of a typical decoding system for 
a high-density recording medium; 

FIG. 3 is a schematic diagram of a typical data format of 
burst indicator subcode (BIS) blocks; 

FIG. 4 is a schematic graph of a table of interleaved map 
ping of partial BISs: 

FIG. 5 is a block diagram of a decoding system for a 
high-density recording medium according to an embodiment 
of the invention; 

FIG. 6 is a schematic diagram of an error correction code 
(ECC) cluster according to an embodiment of the invention; 

FIG. 7 is a decoding timing according to an embodiment of 
the invention; 

FIG. 8 is another decoding timing according to an embodi 
ment of the invention; 

FIG. 9 is a block diagram of a decoding system for a 
high-density recording medium according to another 
embodiment of the invention; 

FIG. 10 is a flowchart of a decoding method for a high 
density recording medium according to an embodiment of the 
invention; 

FIG. 11 is a decoding timing of FIG. 10 according to an 
embodiment of the invention; 

FIG. 12 is a flowchart of a decoding method for a high 
density recording medium according to another embodiment 
of the invention; and 

FIG. 13 is a decoding timing of FIG. 12 according to 
another embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 5 is a block diagram of a decoding system 500 for a 
high-density recording medium according to an embodiment 
of the invention. In FIG. 5, the decoding system 500 includes 
a demodulator 510, a de-interleaver 520, a first memory 530, 
a high protective codeword decoder 540, a burst indicator 
subcode (BIS) to long distance code (LDC) erasure generator 
550, a second memory 560, a low protective codeword 
decoder 570 and a synchronization error detector 580. 
The demodulator 510 receives a modulation signal and 

performs a demodulation operation on the modulation signal 
in order to produce a demodulation signal. The demodulation 
signal is an error correction code (ECC) cluster and has eight 
bits. 
The de-interleaver 520 is coupled to the demodulator 510 

in order to receive the demodulation signal and perform a 
de-interleaving operation on the demodulation signal to 
thereby produce the high and low protective codewords. The 
high protective codewords are a burst indicator subcode 
(BIS), and the low protective codewords are a long distance 
code (LDC). 

FIG. 6 is a schematic diagram of an error correction code 
(ECC) cluster 600 according to an embodiment of the inven 
tion. As shown in FIG. 6, the ECC cluster 600 includes three 
BIS data columns 620 and four LDC data blocks 630. A 
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synchronization data column 610 is prefixed to the ECC 
cluster 600. Each LDC data block 630 has 38 LDC data 
columns, and in this case one ECC cluster 600 contains 152 
(=38x4) LDC data columns. In addition, each ECC cluster 
600 also contains 496 rows. 
The LDC and BIS data in the ECC cluster 600 is demodu 

lated into 8 bits by the demodulator 510 and subsequently 
de-interleaved by the de-interleaver 520. Accordingly, the 
high protective codewords (i.e., the BIS data) and the low 
protective codewords (i.e., the LDC data) are obtained. The 
LDC data is de-interleaved into 304 low protective code 
words, each having a length of 248 bytes, and the BIS data is 
de-interleaved into 24 high protective codewords, each hav 
ing a length of 62 bytes. Also, the synchronization code is sent 
to the synchronization error detector 580 in order to perform 
a synchronization error detection to thereby produce a syn 
chronization erasure indicator. 
The first memory 530 is coupled to the de-interleaver 520 

in order to store the high protective codewords. Preferably, 
the first memory 530 is a static random access memory 
(SRAM). 
The high protective codeword decoder 540 is connected to 

the first memory 530 in order to decode and correct the high 
protective codewords to the first memory 530 to thereby 
produce a BIS erasure indicator with a position information 
for each high protective codeword. For example, during 
decoding, the high protective codeword decoder 540 sets the 
BIS erasure indicator of the high protective codeword to “1” 
when an error is detected, and otherwise to “0”. The BIS 
erasure indicator is positioned in a suitable place to thereby 
indicate the BIS data of the wrong ECC cluster corresponding 
to the BIS erasure indicator and further find the position 
relationship between the BIS erasure indicator and LDC data 
of the wrong ECC cluster 600. 

The BIS to LDC erasure generator 550 is connected to the 
first memory 530 in order to produce the LDC erasure bits for 
the LDC data of the wrong ECC cluster 600 according to the 
BIS erasure indicator. 

While the low protective codeword decoder 570 decodes 
the LDC data, the BIS to LDC erasure generator 550 can 
extract the BIS erasure indicators of a BIS data nearby the 
LDC data of the wrong ECC cluster 600 from the first 
memory 530. Thus, the BIS to LDC erasure generator 550 can 
produce the LDC erasure bits based on the BIS erasure indi 
cators and send the bits to the low protective codeword 
decoder 570. 
The second memory 560 is connected to the de-interleaver 

520 in order to store the low protective codewords. The sec 
ond memory 560 is a dynamic random access memory 
(DRAM). 
The low protective codeword decoder 570 is connected to 

the second memory 560 and the BIS to LDC erasure generator 
550 in order to decode and correct the low protective code 
word to the second memory 560. On decoding, the low pro 
tective codeword decoder 570 first decodes and corrects the 
low protective codeword. When the low protective codeword 
exceeds a decoding capability of the low protective codeword 
decoder, the low protective codeword decoder 570 further 
decodes and corrects the low protective codeword based on 
the LDC erasure bit. 

The synchronization error detector 580 is coupled to the 
demodulator 510 and the first memory 530 in order to detect 
the errors on the synchronization codes of the demodulation 
signal. When the errors of the synchronization codes of the 
demodulation signal are detected, the synchronization error 
detector 580 produces the synchronization erasure indicators 
and stores them in the first memory 530. The BIS to LDC 
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6 
erasure generator 550 is based on the BIS erasure indicators 
and the synchronization erasure indicators to produce the 
LDC erasure bits. 
Upon the synchronization erasure indicators, the LDC era 

sure bits are produced. When the synchronization error detec 
tor 580 detects an error of a synchronization code, a synchro 
nization erasure indicator corresponding to the erroneous 
synchronization code is set to “1”, and otherwise to “0”. 

Since the synchronization data column 610 is not modu 
lated in coding, for determining the errors of the synchroni 
zation codes, the demodulator 510 detects the positions of the 
erroneous synchronization code and sends all synchroniza 
tion codes, which are not demodulated, directly to the Syn 
chronization error detector 580, and the synchronization error 
detector 580 analyzes the synchronization codes sent by the 
demodulator 510, groups them into legal and illegal ones, 
determines the illegal ones as the erroneous synchronization 
codes, sets the synchronization erasure indicators corre 
sponding to the erroneous synchronization codes to “1” and 
otherwise to “0”, and stores all synchronization erasure indi 
cators in the first memory 530. 
When the low protective codeword decoder 570 decodes an 

LDC data, the BIS to LDC erasure generator 550 can extract 
the BIS erasure indicator of a BIS data or the synchronization 
erasure indicator of a synchronization codeword nearby the 
LDC data of the wrong ECC cluster 600 from the first 
memory 530. Thus, the BIS to LDC erasure generator 550 can 
produce the LDC erasure bit based on the synchronization 
erasure indicator or the BIS erasure indicator. 
Upon the ECC principles and algorithms, whether a code 

word is correctable is known on decoding. Such a feature 
allows an LDC and a BIS to be concurrently decoded without 
the help of the LDC erasure bit, and the LDC decoding is 
paused until the LDC being decoded is an uncorrectable 
codeword. When the BIS decoding is complete, the BIS to 
LDC erasure generator 550 reads the BIS erasure indicator of 
a BIS from the first memory 530 to accordingly produce and 
transmit the LDC erasure bit to the low protective codeword 
decoder 570 for increasing the decoding performance of the 
low protective codeword decoder 570, so as to complete the 
decoding of the LDC which is determined to be uncorrectable 
by the low protective codeword decoder 570. 

Referring to FIG. 7, the low protective codeword decoder 
570 and the high protective codeword decoder 540 concur 
rently start to decode. In this case, the BIS to LDC erasure 
generator 550 has no erasure bit when the BIS is not decoded 
completely. During the BIS decoding, the low protective 
codeword decoder 570 does not detect an LDCuncorrectable, 
So it can eliminate the time T1 waiting for completely decod 
ing the BIS by the high protective codeword decoder 540. In 
this case, after the BIS is decoded completely, the BIS to LDC 
erasure generator 550 can obtain the BIS erasure indicator of 
the complete BIS. Next, the low protective codeword decoder 
570 is based on the LDC erasure bit produced by the BIS to 
LDC erasure generator 550 to help the LDC decoding to 
thereby increase the decoding performance of the low pro 
tective codeword decoder 570 and eliminate the time T1. 
The difference between FIGS. 7 and 8 is in that an uncor 

rectable LDC, numbered L, is seen by the low protective 
codeword decoder 570 during the time of a BIS decoding. 
Namely, the LDC L exceeds the decoding capability of the 
low protective codeword decoder 570, which makes the 
decoding operation of the low protective codeword decoder 
570 pause until the BIS decoding is complete. When the BIS 
is completely decoded, the BIS to LDC erasure generator 550 
can obtain the BIS erasure indicator of the complete BIS and 
store it in the first memory 530. In this case, the low protective 
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codeword decoder 570 re-start to decode the LDCL while the 
BIS to LDC erasure generator 550 reads the BIS erasure 
indicator of the BIS from the first memory 530 to thereby 
produce the LDC erasure bit to the low protective codeword 
decoder 570 for the LDCL. Thus, the decoding performance 
of the low protective codeword decoder 570 on the LDCL is 
relatively increased. The low protective codeword decoder 
570 and the BIS to LDC erasure generator 550 go on the 
remaining decoding operations after the LDCL is completely 
decoded to thereby complete the entire LDC decoding. 
Accordingly, it is clear that the low protective codeword 
decoder 570 can save the time T2 waiting for the BIS decod 
ing operation of the high protective codeword decoder 540. 

FIG. 9 is a block diagram of a decoding system 900 for a 
high-density recording medium according to another 
embodiment of the invention. In FIG.9, the decoding system 
900 includes a demodulator 510, a first de-interleaver 910, a 
first memory 530, a high protective codeword decoder 540, a 
burst indicator subcode (BIS) to long distance code (LDC) 
erasure generator 550, a second memory 560, a second de 
interleaver 920 and a low protective codeword decoder 570. 
The demodulator 510 receives a modulation signal and 

performs a demodulation operation on the modulation signal 
to thereby produce a demodulation signal. The demodulation 
signal has high and low protective codewords. Each high 
protective codeword is a BIS, and each low protective code 
word is an LDC. 

The first de-interleaver 910 is coupled to the demodulator 
510 in order to receive the demodulation signal and perform 
a de-interleaving operation on the high protective codeword 
of the demodulation signal to thereby produce a de-inter 
leaved high protective codeword. 
The first memory 530 is coupled to the first de-interleaver 

910 in order to store the de-interleaved high protective code 
word, i.e., the BIS. Preferably, the first memory 530 is a 
SRAM. 
The high protective codeword decoder 540 is connected to 

the first memory 530 in order to decode and correct the 
de-interleaved high protective codeword to the first memory 
530 to thereby produce a BIS erasure indicator with a position 
information. 
The BIS to LDC erasure generator 550 is connected to the 

first memory 530 in order to depend on the BIS erasure 
indicator to produce an LDC erasure bit for a low protective 
codeword corresponding to the de-interleaved high protective 
codeword. 
The second memory 560 is connected to the demodulator 

510 in order to store the low protective codeword of the 
demodulation signal. Preferably, the second memory 560 is a 
DRAM. 
The second de-interleaver 920 is coupled to the second 

memory 560 in order to perform a de-interleaving operation 
on the low protective codeword to thereby produce a de 
interleaved low protective codeword. 
The low protective codeword decoder 570 is connected to 

the second de-interleaver 920, the second memory 560 and 
the BIS to LDC erasure generator 550 in order to decode and 
correct the low protective codeword to the second memory 
560. 
The low protective codeword decoder 570 first decodes and 

corrects the low protective codeword in decoding. When the 
low protective codeword exceeds a decoding capability of the 
low protective codeword decoder 570, the low protective 
codeword decoder 570 then decodes and corrects the low 
protective codeword based on the LDC erasure bit. 
The synchronization error detector 580 is coupled to the 

demodulator 510 and the first memory 530 in order to detect 
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8 
the erroneous synchronization code or codes of the demodu 
lation signal. When one or more erroneous synchronization 
codes of the demodulation signal are detected, the synchro 
nization error detector 580 produces synchronization erasure 
indicators and stores them in the first memory 530. The BIS to 
LDC erasure generator 550 is based on the BIS erasure indi 
cators and the synchronization erasure indicators to produce 
the corresponding LDC erasure bits. 
The difference between FIGS. 9 and 5 is in that the de 

interleaver 520 in FIG. 5 is replaced with the first de-inter 
leaver 910 and the second de-interleaver 920, and the con 
nection of the second memory 560 is accordingly changed to 
present a new configuration. 

FIG. 10 is a flowchart of a decoding method for a high 
density recording medium according to an embodiment of the 
invention. The decoding method decodes a signal with high 
and low protective codewords. Step S101 initializes a code 
word counting variable cnt and concurrently activates a BIS 
decoding and a LDC decoding. 

Step S102 determines whether the high protective code 
word (BIS) decoding is complete. When the high protective 
codeword decoding is complete, step S105 is executed, and 
otherwise step S103 is executed. 

Step S103 determines whether a low protective codeword 
is correctable. When the low protective codeword is correct 
able, the low protective codeword is corrected, and otherwise 
it is recorded in a table as an uncorrectable codeword. 

Step S104 increases the codeword counting variable cnt by 
one, and executes step S102. 

Step S105 determines whether all uncorrectable code 
words in the table are completely decoded. When all uncor 
rectable codewords in the table are completely decoded, step 
S107 is executed, and otherwise step S106 is executed. 
When one or more uncorrectable codewords in the table are 

not decoded, step S106 produces an LDC erasure bit based on 
the BIS erasure indicator of the high protective codeword for 
each low protective codeword in order to decode and correct 
the low protective codewords in the table based on the LDC 
erasure bits, and then step S105 is executed. 
When step S105 determines that all uncorrectable code 

words in the table are completely decoded, step S107 is based 
on the LDC erasure bits to decode and correct the low pro 
tective codewords starting with the variable cnt plus one. 

Step S108 determines whether the low protective code 
word (LDC) decoding is complete. When the low protective 
codeword decoding is not complete, the codeword counting 
variable is increased by one, and step S107 is executed. Oth 
erwise, the procedure ends. 

FIG. 11 shows a decoding timing of FIG. 10 according to 
an embodiment of the invention. As shown in FIG. 11, at T0, 
the BIS decoding and the LDC decoding are concurrently 
performed. At the position X, the low protective codeword is 
uncorrectable and recorded in a table as an uncorrectable 
codeword. Next, the following low protective codewords are 
proceeded. When the BIS decoding is complete, the BIS 
erasure indicator is used to produce the LDC erasure bit in 
order to help decoding the uncorrectable codeword (indicated 
by “O'”) in the table. When all uncorrectable codewords in the 
table are completely decoded, the remaining low protective 
codewords starting with the codeword counting variable plus 
one are decoded and corrected. 

FIG. 12 is a flowchart of a decoding method for a high 
density recording medium according to another embodiment 
of the invention. The decoding method decodes a signal with 
high and low protective codewords. Step S201 initializes a 
codeword counting variable cnt and concurrently activates a 
BIS decoding and an LDC decoding. 
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Step S202 determines whether the high protective code 
word (BIS) decoding is complete. When the high protective 
codeword decoding is complete, step S204 is executed, and 
otherwise step S203 is executed. 

Step S203 determines whether a low protective codeword 
is correctable. When the low protective codeword is uncor 
rectable, the procedure is halted to wait for the completion of 
the high protective codeword decoding, i.e., the low protec 
tive codeword (LDC) decoding pauses until the high protec 
tive codeword decoding is complete and a BIS erasure indi 
cator is produced. 

Step S204 is based on the BIS erasure indicator to produce 
an LDC erasure bit to accordingly decode and correct the low 
protective codeword uncorrectable. 

Step S205 determines whether the low protective code 
word decoding is complete. When the low protective code 
word decoding is complete, the procedure ends. 
When step S203 determines that the low protective code 

word is correctable, step S206 decodes and corrects the low 
protective codeword. 

Step S207 increases the codeword counting variable by 
one, and executes step S202. 
When step S205 determines that the low protective code 

word decoding is not complete, step S208 increases the code 
word counting variable by one, and executes step S204. 

FIG. 13 is a decoding timing of FIG. 12 according to 
another embodiment of the invention. As shown in FIG. 13, at 
T0, the BIS decoding and the LDC decoding are concurrently 
performed. At T3, the low protective codeword is uncorrect 
able, so the LDC decoding pauses to wait for completing the 
BIS decoding. When the BIS decoding is complete, the LDC 
decoding is proceeded to decode and correct the remaining 
low protective codewords based on the LDC erasure bits. 
As cited, a typical decoding flow of high-density recording 

medium includes demodulation, de-interleaving, BIS decod 
ing and LDC decoding executed in sequence. An LDC decod 
ing cannot have enough BIS indicators to set the LDC erasure 
bits and enhance the LDC decoding performance of the low 
protective codeword decoder 570 except when the BIS decod 
ing is complete. However, the LDC decoding and the BIS 
decoding can be concurrently performed in the invention. 
Accordingly, the waiting time for completing the BIS decod 
ing is reduced or eliminated. 

In addition, for the format of BIS blocks in the prior art, the 
coordinates of the de-interleaved BISs are not successive, i.e., 
not following the direction of each codeword. When the BISs 
are stored in the DRAM in a form to be conveniently decoded, 
such as the BIS blocks follow the direction of each codeword, 
it is inefficient and time-wasting for the DRAM accesses in 
that the de-interleaved BISs are written to the DRAM, the 
decoded BISs are corrected by reading the error bit informa 
tion from the DRAM, and the corrected BISs are written back 
to the DRAM. 

Therefore, the invention provides a decoding system and 
method for a high-density recording medium to reduce the 
decoding time, efficiently use the DRAM, save the bandwidth 
of the DRAM, and increase the decoding performance of a 
high-density recording medium, so as to meet the require 
ment of high-speed reading of a future high-density recording 
medium. 
The inventionallows the high protective codeword decoder 

540 and the low protective codeword decoder 570 to work 
concurrently, so the BIS decoding and the LDC decoding can 
be performed concurrently, thereby eliminating the time wait 
ing for completing the BIS decoding in the prior art. In addi 
tion, the invention uses the first memory 530, which has a 
higher access speed than the second memory 560, to store the 
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10 
BISs and BIS erasure indicators to thereby reduce the access 
to the second memory 560. Thus, the bandwidth of the second 
memory 560 can be used more efficient to thereby increase 
the decoding performance of the high-density recording 
medium and meet the requirement of high-speed reading of a 
future high-density recording medium. 

Although the present invention has been explained in rela 
tion to its preferred embodiment, it is to be understood that 
many other possible modifications and variations can be 
made without departing from the spirit and scope of the 
invention as hereinafter claimed. 
What is claimed is: 
1. A decoding system for a high-density recording 

medium, comprising: 
a first memory for storing a high protective codeword; 
a high protective codeword decoder connected to the first 
memory for decoding the high protective codeword and 
correcting the high protective codeword into the first 
memory to produce a burst indicator subcode (BIS) era 
Sure indicator with a position information; 

a BIS to LDC erasure generator connected to the first 
memory for producing a long-distance code (LDC) era 
sure bit for a low protective codeword based on the BIS 
erasure indicator, 

a second memory for storing the low protective codeword; 
and 

a low protective codeword decoder connected to the second 
memory and the BIS to LDC erasure generator for 
decoding the low protective codeword and correcting the 
low protective codeword into the second memory; 

wherein, during decoding, the low protective codeword 
decoder first decodes and corrects the low protective 
codeword, and then decodes and corrects the low pro 
tective codeword when the low protective codeword 
exceeds a decoding capability of the low protective 
codeword decoder. 

2. The system as claimed in claim 1, further comprising a 
de-interleaver coupled to the first memory and the second 
memory for receiving a demodulation signal and de-inter 
leaving the demodulation signal to produce the high protec 
tive codeword and the low protective codeword. 

3. The system as claimed in claim 2, further comprising a 
demodulator coupled to the de-interleaver for receiving a 
modulation signal and demodulation the modulation signal to 
produce the demodulation signal. 

4. The system as claimed in claim 3, further comprising a 
synchronization error detector coupled to the demodulator 
and the first memory for detecting an error in the synchroni 
Zation codes of the demodulation signal, producing a syn 
chronization erasure indicator when the error in the synchro 
nization codes is detected, and storing the synchronization 
erasure indicator in the first memory, wherein the BIS to LDC 
erasure generator produces the LDC erasure bit based on the 
BIS erasure indicator and the synchronization erasure indi 
CatOr. 

5. The system as claimed in claim 4, wherein the demodu 
lation signal is an error correction code (ECC) cluster, the 
high protective codeword is a BIS, and the low protective 
codeword is an LDC. 

6. The system as claimed in claim 5, wherein the first 
memory is a static random access memory (SRAM). 

7. The system as claimed in claim 6, wherein the second 
memory is a dynamic random access memory (DRAM). 

8. A decoding system for a high-density recording 
medium, comprising: 

a demodulator for receiving a modulation signal and 
demodulating the modulation signal to produce a 
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demodulation signal, wherein the demodulation signal 
has high and low protective codewords; 

a first de-interleaver coupled to the demodulator for receiv 
ing the demodulation signal and de-interleaving the high 
protective codeword of the demodulation signal to pro 
duce a de-interleaved high protective codeword; 

a first memory coupled to the first de-interleaver for storing 
the de-interleaved high protective codeword; 

a high protective codeword decoder connected to the first 
memory for decoding the de-interleaved high protective 
codeword and correcting the de-interleaved high protec 
tive codeword in the first memory to produce a BIS 
erasure indicator with a position information; 

a BIS to LDC erasure generator connected to the first 
memory for producing an LDC erasure bit, based on the 
BIS erasure indicator, for a low protective codeword; 

a second memory connected to the demodulator for storing 
the low protective codeword of the demodulation signal; 

a second de-interleaver coupled to the second memory for 
de-interleaving the low protective codeword to thereby 
produce a de-interleaved low protective codeword; and 

a low protective codeword decoderconnected to the second 
memory and the BIS to LDC erasure generator for 
decoding the low protective codeword and correcting the 
low protective codeword in the second memory; 

wherein, in decoding, the low protective codeword decoder 
first decodes and corrects the low protective codeword, 
and then decodes and corrects the low protective code 
word based on the LDC erasure bit when the low pro 
tective codeword exceeds a decoding capability of the 
low protective codeword decoder. 

9. The system as claimed in claim 8, further comprising a 
synchronization error detector coupled to the demodulator 
and the first memory for detecting an error in the synchroni 
Zation codes of the demodulation signal, producing a syn 
chronization erasure indicator when the error in the synchro 
nization codes is detected, and storing the synchronization 
erasure indicator in the first memory, wherein the BIS to LDC 
erasure generator produces the LDC erasure bit based on the 
BIS erasure indicator and the synchronization erasure indi 
CatOr. 

10. The system as claimed in claim 9, wherein the demodu 
lation signal is an error correction code (ECC) cluster, the 
high protective codeword is a BIS, and the low protective 
codeword is an LDC. 

11. The system as claimed in claim 10, wherein the first 
memory is a static random access memory (SRAM). 

12. The system as claimed in claim 11, wherein the second 
memory is a dynamic random access memory (DRAM). 

13. A decoding method for a high-density recording 
medium, which decodes a signal with high protective code 
words and low protective codewords, the method comprising 
the steps of: 

(A) initializing a codeword counting variable; 
(B) determining whether a high protective codeword 

decoding is complete, and executing step (E) when the 
high protective codeword decoding is complete and oth 
erwise step (C); 

(C) determining whether a low protective codeword is cor 
rectable, and correcting the low protective codeword 
when the low protective codeword is correctable or oth 
erwise recording the low protective codeword in a table 
as an uncorrectable codeword; 
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(D) increasing the codeword counting variable by one, and 

executing step (B): 
(E) determining whether all uncorrectable codewords in 

the table are completely decoded; and 
(F) if all uncorrectable codewords in the table are not 

completely decoded, producing an LDC erasure bit for a 
corresponding low protective codeword based on a BIS 
erasure indicator of the high protective codeword, then 
decoding and correcting the corresponding low protec 
tive codeword based on the LDC erasure bit, and execut 
ing step (E). 

14. The method as claimed in claim 13, further comprising 
the steps of: 

(G) if all uncorrectable codewords in the table are com 
pletely decoded, increasing the codeword counting vari 
able by one based on the LDC erasure bit of each low 
protective codeword to decode and correct remaining 
low protective codewords; and 

(H) determining whether a low protective codeword decod 
ing concurrently activated with the high protective code 
word decoding is complete, if the decoding is complete, 
increasing the codeword counting variable by one and 
executing step (G), or otherwise ending the decoding. 

15. The method as claimed in claim 14, wherein the 
demodulation signal is an error correction code (ECC) clus 
ter, the high protective codeword is a BIS, and the low pro 
tective codeword is an LDC. 

16. A decoding method for a high-density recording 
medium, which decodes a signal with high and low protective 
codewords, the method comprising the steps of: 

(A) initializing a codeword counting variable; 
(B) determining whether a high protective codeword 

decoding is complete, if the decoding is complete, 
executing step (D), or otherwise executing step (C); 

(C) determining whether a low protective codeword is 
uncorrectable, if the low protective codeword is uncor 
rectable, continue decoding until the high protective 
codeword decoding is complete; 

(D) producing an LDC erasure bit for the low protective 
codeword based on a BIS erasure indicator of the high 
protective codeword, and decoding and correcting the 
low protective codeword based on the LDC erasure bit; 
and 

(E) determining whether a low protective codeword decod 
ing is complete, and ending when the decoding is com 
plete. 

17. The method as claimed in claim 16, further comprising 
the steps of: 

(F) decoding and correcting the low protective codeword 
when it is determined that the low protective codeword is 
correctable in step (c); and 

(G) increasing the codeword counting variable by one, and 
executing step (B). 

18. The method as claimed in claim 17, further comprising 
the step of: 

(H) increasing the codeword counting variable by one and 
executing step (D) when step (E) determines that the low 
protective codeword decoding is not complete. 

19. The method as claimed in claim 18, wherein the 
demodulation signal is an error correction code (ECC) clus 
ter, the high protective codeword is a BIS, and the low pro 
tective codeword is an LDC. 
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